- L - EP 0394419 Bl Description The invention relates to a

masr i x | i qui d-crystal display containing - two pl ane parallel support

pl ates which together 5 with a frame forma cell, - |nterated
nod- | i near el enents for switching in- dividual picture el &Ref3944d

support plates and - a nematic liquid-crystal m xture which is present
in the cell andbdwsriptienti ve dielectric anisotropy 10 and hi gh
resistivity, the liquid-crystal mxture being based on the foll ow ng
conponents: a) at | east 10% by weight of a liquid-crystalline conponent B
conpri sing one or nore Thepnvestiowirgladtes to a matodial ddpuid-amystadopy

of nore than + Eﬁ.go by weight of a liquid-crystalline com
ponent A corrprrjds:r'58 ﬂo*re or ath onpounds having a dielectric anisotropy of

-1.5 to +1.5 of-the wepAanpomealmelzosupport plates] gwhichn tagether err

and Rierr] gare each,yitilepefdiand | #o:9f LN aNot her, n- alkyl,
[ err] fl uoroal kyl or, n-al kenyl havi ngaup to 9 car bon at ons, t he

rings Alerr], A err]iniRe78%ed | ngpslinepr jeirmARnEPy o?w’o‘?F'eh’eﬂﬁ)tHé’r’
1, 4- phenyl ene, 2- Ord:&ridmcpﬂctﬁ:ﬁ’leﬂ;dmerﬂim,on m%ubpéﬂyplahébyhﬁde or

Ly opcyelonexeny! oney et 1oLy B AL EL L8 G e RURRICRH Y
2, and ~  the cell and has a pos:l.tive dielectric anisotropy
10 and high resistivity,
the liquid-crystal mixture being based on the following
components: :
a) at least 10% by weight of a liquid-crystalline
component B comprising one or more compounds having
15 a dielectric anisotropy of more than +1.5,
b) up to 90% by weight of a liquid-crystalline com-
ponent A comprising one or more compounds having a
dielectric anisotropy of -1.5 to +1.5 of the general
formula I '

o D@ @

in which _ _
R* ‘'and R? are each, independently of one another, n-
alkyl, w-fluoroalkyl or n-alkenyl having up to
9 carbon atoms, |
25 ~ the rings A', A’ and A’
are each, independently of one another,
1,4-phenylene, 2- or 3-fluoro-1l,4-phenyl-
ene, trans-1l,4-cyclohexylene or 1,4~
cyclohexenylene,
30 Z' and Z? are each, independently of one another,
-CH,CH,- or a single bond, '
and
m is 0, 1 or 2, and
c) 0 to 20% by weight of a liquid-crystalline component
35 C comprising one or more compounds having a dielec-
tric anisotropy of less than -1.5,



c) ., 0to 20% by weight of a liquid-crystalline conponent 35 C
CQRPri sing one or nore conpounds having a dielec- tric anisotropy of |ess
‘than -1.5, -2- and the nematic |iquid-crystal mxture having a nematic
phase range of at |east 60[err]C, a maxi num yi scosity at 20[err] C of 30
nPa.s and a nean dielectricity constant [err])® [err] 8. Matrix

| i quid-crystal di a ( lsSpl r reanble

known. For exanpl éaha)(é'?&leve |§r:% 1§¥;€ﬁ.65cr¥r§§%gl %P‘ors gﬁ Viigg, & fepa e
non-1inear el errenpbaserrmsemﬁnaﬁ daas ts B0 S ngmumm vira:bos:khlalaqawm e
‘el ements. This |sofe§grﬁ§g goaga gnm ﬁﬁtd¥£1£E%£ié1 pes can

be di stingui shed: 10 Ngs ai oxl de sem cor?(.juc tor ranS| s ors on
‘a silicon wafer as the suHQFF 1*3“ d'ﬁmqﬂll ndieRhayst oLQ TRLpPdays)
gl ass plate as thacedbaingteo i:netﬁueem Qird MaRwh. PoraEkampiel! QbcigeOr

t he -15 guest/hos eff 155 JUSU s the glectr ptlcal effect.
ThE use of single® gf s i%on— 4 asalﬁ#jfst%ﬁfé aﬁ e?l%? PPFH' dnepx
size of the displ a;@menhsef.oevbhm finditiduadt sp&tthbtgdoﬁpbh;s iaddvnahal

t ther in the f Wnfehe el fohEY! g t
Iggfheegagg ofeth iﬁ%?%°g?%h15|é§s'%:$§§ jkﬁ EfégﬁﬁéeﬁérfegOI 7% l?Fect

i s usual | yused asm@RELXE! ecipowh e (cann ke

di stingui shego TFIs coMos st(magadf Wuﬁdm§6&&@@€'éh§i on:s:ansasbo%& 4l a
exanpl e, CdSe, or TFTs ﬁffed on oncryéﬁalllne or anor phous silicon.
The latter technol ogy P4 -1RP WAL t12Df ?nﬂﬂhﬂf?ﬁﬁﬁﬂ opnent work wor | dwi de.

The TFT matrix is2di sprisim £iln heramsighorair(TFT) on a glaas plate as the
' substrate.
In the case of type 1, dynamic scattering or the
15 guest/host effect is usually used as the electrooptical
effect. The use of single-crystal silicon as the sub-
strate material limits the size of the display, since,
even if different partial displays are put together in
the form of modules, difficulties arise at the joints.
20 In the case of the more promising type 2, which
is preferred, the IN effect is usually used as the electro-
optical effect. Two technologies are distinguished: TFTs
consisting of compound semiconductdrs, such as, for
example, CdSe, or TFTs based on polycrystalline or
25 amorphous silicon. The latter technology is the subject
of intense development work worldwide. l '

The TFT matrix is disposed on the inside surface
of one of the glass plates of the display, while the
other glass plate carries the transparent counter elec-

30 trode on its inside surface. Compared with the size of
the picture element electrode, the TFT is very small and
essentially does not interfere with the plcture. This
technology can also be extended to picture displays in

- fully satisfactory colours by arranging a mosaic of red,

35 green and blue filters in such a manner that each filter
element is opposite to a switchable picture element.

The TFT displays usually operate as TN cells
which contain crossed polarizers in transmission and are
illuminated from behind. '
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of one of the glass plates of the display, while the other glass plate
cidnries the transparent counter elec- 30 trode on its inside surface.
Conpared with the size of the picture elenent electrode, the TFT is very
smal | and essentially does not interfere with the picture. This technol ogy
‘can al so be extended to picture displays in ully satisfactory col ours by

arrangi ng a mosai c of redheéSter®REE &sp a3 tc%b%ﬁé é&éwﬁ%fg o

that each filter elenent IS opggsmeto picture e

TFT di spl ays usuf® sR12E| | ehigh chas,intagrabede Ront Linear s
in transmni ssion Eé‘]daﬁrﬁ:sJ liurs.napagtl £06m0ENe btive mitthealeéraN:ﬁa 8

displays in this nt,ex S e trix.dis S |ntegrated
non- | i near el ener?figijct}f : %."%gggh %#Yﬁeng'c?ﬂ 8 ?‘Pﬁ?’; 3% vﬁFgBFﬁ 8 Wch
contai n passifve aligdas s(Mitx metal/inewlator/petad)edes (MM =

nmet al /i nsul ator/ netal) digs hi pe%éée p

surtable for TV applti c%:%ﬁn%%_ ggiig °fb tif'vt'y fgrﬁh fﬁ [ n?%?‘;fnla?zl've
di splays i n aut o ricr & @r 94 PortRblie RO bF s
regardi ng the angligyhly isiEeEndteiicy aisﬁ.'[@yﬁomhr attonbBillBe and (i dia st

g} rr;ars]e ld: ;L: SULH??’&' n %%s&ﬁ&gﬁse fromeh e i ns?fflaien}\ﬁéém stiw ty
YAVAMOTO, E10 SOdepetidendy , oXAJtHd\ contrdAtANGNE, the &WiltéRingH. t;:uﬂrs).c
o0 spler 15 bbesSllen P wh Mgl P e AR A AL
Sept. 1984: Desi @eséfst#mmymﬁn#hpa%qsidrmsnl mws@%dmrﬁg &
Tel evision Liqui GeRPe¥cHI, K., TANABE, H., YAMAMOTO, E., SORIMACHI, K.,
TAJIMA, E., WATANABE, H,, SHIMIZU, H., Proc. Eurodisplay
15 84, Sept. 1984: A 210-288 Matrix LCD Controlled by Double .
" Stage Diode Rings, p. 141 f££f, Paris; STROMER, M., Proc.
Eurodisplay 84, Sept. 1984: Design of Thin Film Transis-
tors for Matrix Addressing of Television Liquid-crystal
Displays, p. 145 ££, Paris] . With decreasing resistivity,
20 the contrast of an MLC display deteriorates. Since the
regsistivity of the liquid-crystal mixture usually de-
creases by interaction with the inside surfaces of the
displays over the lifetime of an MLC display, a high
(initial) resistance is very important for achieving
25 acceptable service lives. )

Therefore, there is still a high demand for MLC
displays which have very high resistivity in combination
with a large range of operating temperatures, short
switching times and low threshold voltage.

30 The object of the invention is to provide MLC

displays which do not or only to a small extent have the

- above disadvantages and, at the same time, have very high

resistivities.

- It has now been found that this object can be

35 achieved by using nematic liquid-cryatal mixtures in

these display elements, which mixtures are based on the
abovementioned components A, B and C, B and C, or B.

Accordingly, the invention relates to amn MLC

display containing
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D splays, p. 145 ff, Paris]. Wth decreasing resistivity, 20 t he contrast
of. an MLC display deteriorates. Since the resistivity of the |iquid-crystal
m xture usually de- creases by interaction with the inside surfaces of the
displ ays over the lifetine of an M.C display, a high (initial) resistance
Is very inpaortant for achieving 25 acceptable service |ives. Therefore,

there is still aﬁighg;gmﬁ rﬁt‘; i.qpl iC hi ' '
resistivity in conbinatlaon g\ndt*ﬁ ar'lg'eﬁfan go%ﬂ o%%?g%‘lgn\é&{%rlr‘pe?ga?ﬁ%%?
short switching times ¥ 1Bofxamne oy *\/(ﬂﬁe. 30 The obj ect of
the invention i's 10 prieielraded Chenl pyhesti @led@nta! for OB th8iags Hil

extent have the above di vant s and, at the sa tinme, have vefry high

resistivities. It has d%ﬁ%a‘ﬂ?gh%et ﬁ&F“FH'}-tg 8B, gﬁ? FUPPPEE Plates ed

by using nendtic - i quiadnemastial 1iguidresystal meivetulies phiyhel 8 nprésenthiirg h

m.xt ures are based on e &bpv tiope t C nd C, or

B. Accordingly, the i r#eént i on (ragaat gggtg‘ }n &_q%% ?pﬁ%%f%g%%%aiarﬁ%"%“@y&- -
ighe &

two plane parallel sugssd esigtiyityoget her with a frame forma cell,

- integrated ngr [1iRRAG-VrPHHAS ikt Heliny) Hareddiod Bl UL g
el ements on the support plates and 5 - a nematic liquid-crysta
m xt ure which iscﬁg&" €87 the cell and has a positive dielectric

ani sotropy amod hiagh r ati sleasty,10%heblyi qwedlght ysifal am ddquiad learyrdiadae on
the fol | ow ng corrponerétén: onent B comprising one or more compounds having
a dielectric anisotropy of more than +1.5,
b) up to 90% by weight of a liquid-crystalline com-
ponent A comprising one or more compounds having a
15 dielectric anisotropy of -1.5 to +1.5 of the general
‘formula I

(D (B (Do
in which

R' and R?* are each, independently of one another, n-
20 _ alkyl, w-fluoroalkyl or n-alkenyl having up to
9 carbon atoms,
the rings A'!, A? and A® _ _
are each, independently of one another,
1,4-phenylene, 2- or 3-fluoro-1,4-phenyl-
25 , ene, trans-1,4-cyclohexylene or 1,4-
cyclohexenylene, '
Z* and Z? are each, independently of one another,
-CH,CH,- or a single bond, '
and
30 n 18 0, 1 or 2, and
c) - 0 to 20% by weight of a liquid-crystalline component
C comprising one or more compounds having a dielec-
tric anisotropy of less than -1.5,
and the nematic liquid-crystal mixture having a nematic
35 phase range of at least 60°C, a maximum viscosity at 20°C
of 30 mPa.s and a mean dielectricity constant ¢ s 8.
EP-A 261 614 discloses liquid-crystal cells



€

10 a) at | east 10% by weight of a liquid-crystalline conponent B
canprising one or nore conpounds having a dielectric anisotropy of nore
than +1.5, b) up to 90% by weight of a liquid-crystalline com ponent A
cowpri sing one or nore conpounds having a 15 di el ectric ani sotropy
of -1.5 to +1.5 of the general fornula I [err] “in which Rlerr] and R err]
are each, 'ndepenggﬁi:ﬁini?ﬁgo'&e mi’ﬁrtwﬁstga liquid-c at%llkyia¥er (for

[err]- f1 uor oal kyl or n:al ke up to car on at ons
Alerr], Alerr] angxapple;s eLQQEX ggﬁ mtwrwevhere the

1, 4- phinzl eneI ﬁ mmtﬂrébucdésélrﬂaqmertﬁereai are based exclu@l@el
trans cycl ohex _ yC Z[ er,r],_and erri are
each, i ndependent?y%?f%n‘gé%%o :[n§ #{%rﬁé {eﬁrﬂ IL’(ﬂiJ& B.and

30 m 5 i s 0, The oin'eenfaiaqn calso(Oredates: by hbegbbrwéspcnding
| 1gui d-crystal | | ngs gpiROBERbe&L CODkELEN WBoSk "BoEpGRIREUNES

dielec- tric ani sotroi) Iess than -1.5,, nemati c |iqui crys?

m xture having a B % free ﬁﬁ&‘?@“ﬁ‘&ﬁge ’cﬁ RP’F@:&E?‘BOF@Fr]E’ea%XMm

viscosity at 20[ eaigpd gsBOHaaavsranckh% rmmwh-e& estél allsy CAlbéale [ 2b¢]

Aranly Ll sted | IBEP- T ApRipatiar: R i commpsiod. oR TR AF
S o) ar

highly twi sted |iB%®
m xtures, whk@e td.uI

'Nemat:ic liquid-crystal mixtures which instead of
the compounds of the formula I contain analogous com-
pounds in which one of the radicals R® and R’ is n-alkyl
and the other is n-alkoxy are known and commercially

15 utilized in wvarious designs. However, these 1liquid-
crystal mixtures are distinguished by values £for the
resistivity which are too low and are often between 5x10°
and 1.1x10 Qem or less at 20°. The corresponding MLC
displays have values for the resistivity which are too

20 low for some commercial applications.

The resistivity of liquid-crystal mixtures is in
general high, if the dielectric anisotropy is samall,
since the polar components which are present in mixtures
which have a high A¢ have a atabilizing effect on ions

25 and thus lead to high conductivity or low resistance.
Surprisingly, it has now been found that the resistivity
is particularly high, if the mean dielectricity constant
€ [=4+ (2 ¢ + €,;)] is small and, at the same time, the
dielectrically neutral (Ae¢ from -1.5 to +1.5) components

30 of the liquid-crystal mixture do not contain any £func-
tional groups such as, for example, aromatically bound
alkoxy or ester functions. The dielectrically positive
(Ae- = 1.5) components usually carry terminal cyano

. groups. However, in the mixtures according to the inven-
3s tion, it is preferred to usé, in addition to compounds
which have a terminal cyano, also those which have a
terminal -NCS, F, Cl, -CF,, -CHF,, -OCF,, -OCHF,, -OCF,CF,H

or -0C,Fs.

However, component B can also substantially
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m xtures described therein are based exclusively on nitrile-containing,

‘dielectrically positive conponents. 5 The invention also rel ates
to-the corresponding |iquid-crystal m xtures whose conponent B contains
nistril e-free conpounds, in particular for u in M.C displays. However, the

m xtures are also suitable for many ot her 'éppITcations, such as, for

exanpl e, TN, STN M+ - ' Wi | ' | ead
of the compounds cgnsg’%et f%&l?ﬁ%&%ﬁgknugﬁgﬁgégﬁ o EE%&%‘Q@%%%?%

one of the radi cibeay somponndsros the fopmylae IZadte nEIHiweere X nis| @bxy
Ul e Oryotal Mo e o o by b nead e (hystdl Wteus g eee
iquid- crystal mxtures.are distinquishe val ue r e resistlvi :
which are too | ofSRRRE ftcﬁadﬁr%e@?mtsa \ % H’%O[cg,'r qx [“er?’}‘im
or less at 2@ er®.. The correspondi ng M.C di spl ays have val ues for the
resistivity which are to I o] ' | 4 lons. T
resistivity of I|i ui'd-"crgst aicr%l%}tyu géf?gg?ﬁggg%géﬁ%ié‘ﬂ&#ﬁ%ecrystame
di el ectric” ani somigbpnes wiui¢h geptainnaisside-conpaining wodcinitmile-
pr esegf3 in mdxwmle\ahldcs{ld&u_ hatdd gfhcthgc_ﬁitnmvelazestqmdat& NGl £idb 13
i ons an us lead,to hi conductivity_or |owresistapce
“Surprisingly, it °ﬁ¥°mn§e&;%og?mlﬁﬁéf%s?%&ﬁt§7ni !’P‘g&h Ko digarF ey
hi gh, ” thS.Orrealclﬁi SloFg) 1 + CHEy, e@wgh ANtOfEFy,] -[olcﬂ,erm o2 Hom,F]. +f[err])1] ]
IS sma and, at the sa | TR, | fal ] ¢ eldalsad err], forom -1,
to +1.5) conponents 30 mi%‘% t hgih %tﬁjdac%sﬁéaﬁrﬁ%t%r ghcr'?lr?'oq %‘%’1 AN n&y
func- tional grocpmpPousdsysinf gompenepte B adsnpreterabdowund bl koxys odn

ester functions. piheidughecty igall i popitevduldery ]#@f&:&a Srang@BP &t S
usual ly carry tefrm.nal _ cyano groups. However, in the m xtures according to

the inven- 35 girén? it t‘F’sspr‘ef"erred to use, in addition to conpounds
whi ch have asterm nal cyHawevelrsovelyspariticalazvpraference is given to

liquid-crystal mixtures whose component B essentially
consists of nitrile-free, fluorinated compounds. Prefer-
ably, the abovementioned preferred compounds of the
formulae IIa to IIf are used. _ _
20 'Eggsentially’ is understood to mean that the
amount of further compounds in the corresponding com-
ponent is s 2095, in particular s 10%.
Preference is also given to liquid-crystal
mixtures whose component ‘B contains compounds whose end
25 groups are chlorinated. Compounds of this type are known
to one skilled in the art and preferably conform to the
formulae IIa to IIf where X is Cl. In a particularly pre-
ferred embodiment, the mixtures contain one or more com-
pounds of the formula IXIa to IIf in which A?-X or aA’-X

30 is ;é—x where X is CF,, -OCF,, -OCHF, or Cl.

Furthermore, component B can also contain tetranuclear

.compounds, for example in accordance with formulae IIc to

IIf in which one of the rings A' to A’ is present twice.

' In a particularly preferred embodiment, the

35 mixtures contain compounds which have a terminal nitrile
and are present in component B in an amount from 0 to 50%

by weight. Particular preference is given to mixtures



termnal -NCS, F, d, -CF[err], -CHF[err], -OCF[err], -OCHF[err],
-OCF[err]CF[err]H or -OCCferr]F[err]. However, conponent B can al so
substantial ly consist only of nitrile-containing conpounds, of which

t hose conpounds of the fornmulae Ila to I1f, where X is CN are preferred. In
this case, the liquid-crystal m xture essentially consists of conponents A,
Band G o A andnpcR aBohbtCubAtalhChly Cbipbindh WAL Havik i el

m xtures which contain nitril e- ci(?nt ai nl#r'llg and_nitrile- tfree, fluorinated
conpounds, the |BREELLBr PUFBELSIRGLY orit R DoeRefPURA, FhAL |gTPURS |such N

V\hOIC'C:P X iSéF l[: 1?3.5 CbCF-,CF{-Bclnz?,, --@ﬂ_ﬁﬁwgﬁ,?;%?ﬁ,_r %:a_vleoﬁl'"acﬂfdtﬂderably

- err err]H or - rrd RLerr ratip of npitrile-free to

nitrile-containi ;{5550%%%# O%Sﬁ%ﬁt o8 o094 o8 A éiip;al_ﬁ’ ithan

particular >52 : -OCHPart | Q2 8; ! yTlve cdame cib rtangge for aliphatitaldytbouhd 15

However, very paéii:BHgar(cB#.?Lﬁﬁ&BCSfi tnd! ¥5BmiPad | £ da'zﬁﬁ'ft}a' m Xt ures
ess a u

whose conponent ntialTy consists of nitrile-Tree, ri nat ed
conpounds: Prefer- ably, ThachiKE5UEREBFERESLpgter the dovention prefes-

formul ﬁe I 'ﬁ to abiyah]gvus@d-ré’élstivit;a of' Es%em iglxYcm, | partdenlaedyd (o
mean that the amounf of, furthel,;c ounds i p.the,correspondi ng com nent
is s 20% in par?’Fﬁgfﬁfb{'gr?]h"'(%‘fgqgrc&'eF&ngg r STRE P \feﬂ"t gre%eragg.y

| i qui d-crysial nEx?uris paptbtecudbaposedt B contai ns conpounds whose end 25
groups are chlori nat ed. % f [ Kk il in
the art and preferablgﬂcgﬁggrm oeé)heé#]ofdrr%%i}gc%% toggﬁw‘llgftt\%ﬁggg §§| SLE? In
a particul arly piedividuall compenndstof (qpmpanankad tonCapreodetermiped

~ com at 20° by extrapolation from a polar mixture (containing

24% of p-trans-4-propylcyclohexylbenzonitrile, 36% of p-

15 trans-4-pentylcyclohexylbenzonitrile, 25% of p-trans-4-

" heptylcyclohexylbenzonitrile and 15% of 4-cyano-4'-

{trans-4-pentylcyclohexyl)biphenyl), if the compound to

be determined contains a dipole along the longitudinal

axis of the molecule, or from a neutral mixture (con-

20 taining 22% of trans-l-p-ethylphenyl-4-propylcyclohexane,

20% of trans-l-p-methoxyphenyl-l-propylcyclohexane, 15%

of trans-l-p-ethoxyphenyl-4-propylcyclchexane, 19% of 4-

ethyl-4- (trans-4-propylcyclchexyl)biphenyl, 14% of 4-

'ethyl-ll'- (trans-4-pentylcyclohexyl)biphenyl, 5% of 4,4~

25 bis{(trans-4-propylcyclohexyl)biphenyl and 5% of 4- (trans-

4-pentylcyclohexyl) -4/~ (trans-4-propylcyclohexyl)bi-
phenyl) in the case of neutral compounds.

The liquid-crystal mixtures according to the

_ invention make it possible to achieve a high value for

30 the resistivity in combination with low viscosities,

which allows to produce excellent MLC displays. The MLC

displays according to the invention preferably operate in

the - first transmission minimum according to Gooch and

. Tarry [C.H. Gooch and H.A. Tarry, Electron. Lett. 10, 2-

35 4, 1974; C.H. Gooch and H.A. Tarry, Appl. Phys., Vol. 8,

1575-1584, 1975], in which case in addition to particu-

larly favourable electrooptical properties such as, for

example, high steepness of the characteristic curve and

low angle dependencé of the contrast (German Patent



pounds of the formula Ila to IIf in which Alerr]-X or Alerr]-X 30 IS
Terr] where X is CF[err], -OCF[err], -OCHF[err] or C . Furthernore,
conponent B can al so contain tetranucl ear conpounds, for exanple in
actordance with fornulae Ilc to IIf in which_one of the rings Alerr] to
Alerr] is present twice. I'n a particul arIy'pFeferred enbodi nent, the 35

Component B i n arSBRBERECRTHaR 03 8280838) R cRenPLabbicn TR <R che cagme, <

gi ven to m xt ur esthreshfoldhveltagenae innani analkogovapdisplayhi ahshales
termnal nitrile. Y Pale | e p .

-OCF[err], - OCHF[%rr ?ég%%aF[%%‘%T%%fgﬁ] gﬁoguiﬁg?é?a%%ﬁghgségéa fiini-
consi derabl y | ess®¥BabThis makes odt Ppossikle ntphachigweysignifigantly
-OCH err] or 5ﬂﬁ?ﬁ&erﬂdsisﬁl@m | $nt ritte f giraki phediah,) VY whendehe

I, d t he f I [1] d V). X1 di t
The. I hventi on. pr REFERln ATdRdtng o He, (Ryention Arel seRd] [ orr] x om

particularly preferably >THé[eis¢odity]ak 209C als 2pfefetablines n2hmpars]
preferabl y 10"  [fid ] ndnatic PRhhbE! kdhgbCllsl presbianiy WEs Wadl 4¢¢! ' ig
ani sotropy of the 1 ndividual Conpounds~of carfponents to

at 20[err] by extpamflienlam atoleaspobal . nPreferablvnt thif Epnge, extends
p-trans-4- propyl cye ! Ddesey | Hrdi g e ide + A% of p- 15

trans- 4- pentyl cycl ohexyl benzonifrile, .25% of p-trans-4-

hept yl cycl ohexyl benzoni t r"ﬁf% ’Qﬂfij""fﬁﬂ’&f e s of the formulae I to IV
(trans-4-pentyl cymdhehelixbi piefytgulaé whdchonpannde cudeddeirer thacMLC

i's

are det et nihed

cont ai ns a di pol edﬁi @f%&*ﬂrﬁg&'%a%l%éxifvgtf&e J@A eecﬂheer %Mngg |

neutral m xture (Cor-

t rans- 1- p- et hyl peasy|bel prepaned, @nslogewsly) ¥ nown compounds.
trans-1-p- meggioxyphenyl - lpdfydsdd/ C1a3eia08ry4Bd1 mixtures to be used
according to the invention contain a total of, prefer-
ably, 10% to 90%, in particular 20% to 90%, of compounds
of the formula I. If component B is not composed pre-
dominantly of strongly dielectrically positive nitrile
20 components but predominantly only of weakly dielectric-

ally positive compounds such as, for example, the fluori-

nated compounds mentioned below, component A can under
certain circumstances be omitted entirely, and the
mixtures according to the invention can in this special

25 embodiment be solely based on component B and, if
desired, component C. Particular preference is given to
liquid-crystal mixtures whose component B contains one or
more compounds selected from the group consisting of
compounds of the formulae IIa to IIf
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of trans-1-p-ethoxyphenyl -4-propyl cycl ohexane, 19% of 4-

ef-hyl - 4 (trans-4-propyl cycl ohexyl) bi phenyl, 14% of 4-

et hyl -4' - (trans-4-pentyl cycl ohexyl) bi phenyl, 5% of 4,4'- 25 bi s

(t¥ans- 4 propyl cycl ohexyl ) bi phenyl and 5% of 4- (trans- 4-pentyl cycl ohexyl)
-4' - (trans-4-propyl cycl ohexyl)bi- phenyl)” i%h The case of neutral
conpounds. The liquid-crystal m xtures according to the invention nmake it
possi ble to achieve a high value for 30 the resistivity in conbination
with low viscosities, whigh allows to’oduce excel t M.C displays. The

M.C di spl ays accor di ng-t ecgnmnt.l da<Deteicably e inghe first
transm ssi on m ni num acco ng tzo €o0dk-And 2Tara'y H Gooch and H A

Tarry, Electron. Lett. 1Q , 74; . Gooch and H A Tarry,
Appl . Phys., Vol. 8, 357 ea?ca 5]@ Qase in additipnfto
particu- larly favourable ect ties such as, for exanple,
hi gh st eepness of the characterl stic curve and | ow angl e dependence of the

contrast (GernmaniBawbdeh -8- Specification 3,022,818) in corrbi nat ion with
the sane threshokd vol tageygs z’;rh £NakogoL lgén%p.ﬂ a Sh tr| c
ani sotropy is SU?fICI ent inthe s nd %gﬁ?% }Sf ﬁges It p055| %

achi eve signPficantly 5 hi gﬁeﬂsremstlwtles I n the f| rst mnimum when the

m xtures accordi gg to the ibnléﬁathn-ﬁCS, upgdel Theew), scgglpty apcpQlerr]Cis

“preferably [err] 25 nPa.s. ti ase range i’s eferably %t | east
70, .in particular at |east 86 Prg'?%qésgyn i ‘T% tends 10 at |east

from - 20[ err] tothéOktnghk. ATheaa? addvatiual corrpounds of the fornmulae | to IV
and their subfornul ae whi CQrSa'&a@i,u%JMt%cof one another, 1,4-
10 phenylene, 2- or 3-fluoro-1,4-phenylene, 2,3-
difluoro-1,4-phenylene, trans-1,4-cyclohexylene
or 1,4-cyclohexenylene.
'Preferably, component B contains compounds of the
fornmla.e IXa to IIf in which X is cyano and compounds of
15 the formulae IIa to IIf in which X is -NCS, F, Cl, -CF,,
-CHF,, -OCF,, -OCHF,, -OCF,CF,H or -OC,F,, and the amount of
cyano compounds in component B is 0 to 50% by weight.
| In a particularly preferred embodiment, component
B does not contaln any compounds of the formulae IIa to
20 IIf in which X is cyano.
In the compounds of the partial formulae IXIa to
II£, X is preferably ¥, Cl, CF,, -OCF,, -OCHF, or -CHF,.
The rings A, A? and A’ are each preferably,
independently of one another, trans-1l,4-cyclohexylene or
25 1l,4-phenylene. In a preferred embodiment, one of the
rings A', A? and A is 2- or 3-fluoro-1,4-phenylene or
2,3-d:i.f1uoto-1,4-pheny1ene. The ring bound to X (i.e. A?
in IXa and IIb and A’ in IIc to IIf) is preferably 1,4-
phenylene which ig unsubgtituted or even mono- or di-
30 - substituted by fluorine. A?-X and A’-X are preferably a
group seloeted from the fomulae (a) to (h):



"

di spl ays according to the invention . are either known or can be prepared
anal ogously to known conpounds. 15 Preferred liquid-crysta

m xtures to be used according to the invention contain a total of, prefer-
ably, 10%to 90% in particular 20%to 9Q%gof conpounds of the fornula I.
| f conponent B is not conposed pre- dom nantly-of strongly dielectrically
positive nitrile 20 conponents but predomnantly only of weakgy
dielectric- ally positive conmpounds such as, for exanple, the flfuori- nated

conpounds nentroned belom1 conponent A can under_certain cir st ances be
~onitted entirely,_ g_ mxtur QCsoy di ng_ .u-‘@.w, this
speci al 25 enboo t sol € -ased3on coapghent B and f des?red
conponent C. Particular preference is given to |iquid-crystal m xtures

whose conponent. B g@nt ai ns one or£ore conpounds)sel ected from}the group
consrstrng of conpounds of the fornulae IIa to IIf [err] [err] [err]

[€rr] [err] in which R -aIkY ezﬁk to 9 g on 5
atoms, X off y@%d‘)JN@)'F(db fhor [%F?] ?? ¥
OCHF[err] - OCE fgfgﬂgwr]kior OC[err]F[err] and t he rrngs A[err]

e e e B P Phed ST gzt 13 con-

phenyl ene, 2- or aor o-
trans-1, 4-cycl oipyideaare listed below:
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r -1, 4-cycl ohexenyl ene. Preferably, conponent B contains conpounds of the
farmulae Ila to IIf in which X is cyano and conpounds of 15 the formul ae
Ila to IIf in which Xis -NCS, F, d, -CF[err], -CHF[err], -OCF[err],
-CeHF[err], -OCF[err]CF[err]H or -OCerr]F[err], and the anmount of cyano
conmpounds in conponent Bis O to 50% by wei .~ In a particularly preferred
enbodi ment, conponent B does not contain any conpounds of the formulae Ila
to 20 IIf in which Xis cyano. In the conpounds of the partial fornulae
lla to Ilf, Xis preferably F, @, CF[¥rr], -ZCF[erY], -OCHF[err] or
-CHF[err]. The rings Alerr], A[er and A[err] ar each preferably,

I ndependently of one anot he ,4-cyc|oh ene or 25

1, 4-phenyl ene. In a pref &g o8 o rings AL@2r], Alerr]
and Alerr] is 2- or 3-fluoro=1 Prrehyl ene or di fl uoro-1, 4- phenyl ene.
The ring bound to X (i.e. A[e\M% inlla and 11b and Alerr] inllc to IIf)
S preferably 1, 4- phenyl &ne @ is Xinsubstétutedor even nmono- or di- 30
substituted by fluorine. rr angg Alerr]-XNar¢ preferably a group
selected fromthe forrrul éﬁré& @ [err] O%G\ﬁhmh (a);
(b), (d), (f), (9). and( AUT T2 Y 2T § Parti arly

preferred smal |l er groups of com pounds are |listed beI ow. [err]

a-@-cazcaz-@-té-x

z

_ \ |
R- ~CH,,CH,= . IIf2

YZY

R- »~CH CHZ-G GS | II£3

In the partial formulae IIal to IIf3, R 'is in
each case n-alkyl or n-alkenyl of up to 9 carbon atoms.

Y and Z are each, independently of one another, H or F
although one or two of the radicals ¥ and Z is preferably

5 fluorine. However, X is preferably F, Cl, -CF,-, -OCF,; or
-QOCHF, .

Component B preferably represents 10% to 100%, in
particu]_.ar 20% to B80%, of the mixtures accoxrding to the
invention. '

io - | Component A preferably contains one or more
compounds selected from the group consisting of II1l to

IX7:
oo e



[err] In the partial fornulae Ilal to I1f3, Ris in each case n-al kyl or
n~al kenyl of up to 9 carbon atons. Y and Z are each, independently of one
anot her, H or F-although one or two of the radicals Y and Z is preferably 5
flworine. However, X is preferably F, O, -gklerr]-, -OCF[err] or
-OCEF[err]. Corrponent B preferably represents lo%to 100% in particular
20% to 80% of the m xtures according to the invention. 10

Conmponent A preferably co 1a| 0- e conpounds sel ected fromthe
group consisting of 111t 12 [err] in which R2rr] and
Rlerr] have the nmeaning gi ven a| 1. Preferably, conponent A
additionally contains on br e ed fromthe oup

consi sting of II8toII28R A eﬁ% whi ch R[err}g nd R err]

have the neaning given in Cla m 1 and he 1, 1- phenyl ene groups in 118 to
117 can each, in- dependﬁhr_' bu Qher al so be nono- gi pol ysub-
stituted by fI uorine. erm)re conponent A pr 3rab| y
additional ly

- - -R 115

DB »
e }-cn ch,-( H }-Rz 117

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

Preferably, component A additionally contains one
or more compounds selected from the group consisting of
II8 to II20:

(DD .
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contai ns one or nore conpounds selected fromthe group consisting of 1121
te 1125 contains [sic]: [err] in which Rerr] and R err] have the neaning
given in daim1l and the 1, 4- phenyl ene groups in 1121 to I125 can each, 20
| ndependently of one another, also be nong- 197 pol ysub- stituted by
fluorine. - . Finally, those m xtures are preferred whose conponent A
contains one or nore corrpounds sel ected fromthe group consisting of 1126
and 1127: [err] -14- in rr] is a straight-chain al kyl
group of up to 7 carbornlat R2the addition of b [ sic]
of the formula 5 whlch Rlerr] and R err ave the

meani ng given in d ai m [ er a23| ngl e bond,
-CH err]CH err] - @ @ Q [err] provesyi® be
advant ageous for suppr eSS| al though the resistivity is

tfiereby | owered. Wet her hese conpounds should be -
added for achieving optR @ﬂﬁ ions for practicallnzo
application can easily be de rm e skilled in the art. Usually,
less than 15% in particular 5-10% are used. Further preference is given
to liquid-crystal, mad  op Wif'le hlvaItht' S0abag PBORS LS Aabh®fata
the 1,4-phenylene groups in II8 to IIl7 can each, in-

dependently of one another, also be mono~ or polysub-
stituted by fluorine.

5 Furthermore, component A preferably addil:ionally
contains one or more compounds selected from the group
consisting of II21 to II25 contains [sic]:

. OO
#-(@y-amem,(o)-(o)-(ay  niz2
(@)= (-

T (e (o) (ay

in which R! and R? have the meaning given in Claim 1 and
the 1,4-phenylene groups in II21 to II25 can each,

20 independently of one another, also be mono- or polysub-
stituted by fluorine.
Finally, those mixtures are preferred whose
.component A contains one or more compounds selected £rom
the group consisting of II26 and II27:

N9 S



20 additionally contain one or nore conpounds selected fromthe group .

ccénsisting of Il and IV: [err] in which Rerr] and R err] have the
abovenent i oned neani ng and/or 25 one or nore compounds sel ected fromthe
grgup consisting of V.and VI [err] in whigh_-Rerr] and Rl err] have the

abovenenti oned neani ng and/ or one or nore conpounds sel ected fromthe group
consi sting of VI knt Q;hzilcuzc:a g deetd |stiriiight-@halin| @1Wy1C :%l'u%’ IdE to

Rl err] have the e}b% g,gegt y meaning and s 5. is 0 or ? e am)%ts of
the conpounds of "t il I'l'l to XI in the m xtures according to the
invention (pre- ferred r Zngeshecomsées, sthem ddditioncofabbndbelsie] Bnte

_conpounds |11 ang l-\,18% to 40% preferably 10% 10

to 30% Sum of conpounds V and VI O%to 40% preferably 5% to 20% - Sum
of conpounds VII to Xl : 0% t yr.&f @ 20 15% 15 . | t
gaes W t hout gsayi ng that the mxt accor ng to the invention, which

preferably consist essen- tially of the conpounds mentioned as preferred
for conponents Ato C, may additionally aI so contain further
in which

R! and R’ have the meaning given in Claim 1
and

z° is a single bond, -CH,CH,-, -@— or
10 ~(&)-ca,ca,-
proves to be advantageous for suppressing smectic phases,
although the resistivity is thereby lowered. Whether and
" in which amount these compounds should be added for
achieving .optimum parameter combinations for practical
15 application can easily be determined by one skilled in
the art. Usually, less than 15%, in part:.cular 5-10%, are
used.
Further preference is given to liquid-crystal
mixtures which, in addition to components A, B and C,
20 additionally contain one or more compounds selected from
the group consisting of III and IV:

(D))
DDt -

in which R® and R? have the abovementioned meaning and/or
25 one or more compounds selected from the group consisting
of V and VI

D5
1-@-@-122. Vi



-16- conpounds not nentioned here explicitly. However, this |eads in many
cases to nore unfavourable properties. One skilled in the art can easily
det erm ne whether and in which anounts further conpounds can be used. 5
The design of the M.C display according to ihe i nvention which consists of
pol ari zers, el ectrode base plates and el eCt des which have been subj ect ed
to surface treatpgent,Ls,that l.gh,is customary for this type of display.
The definition offc B‘#‘Sﬁaﬁy ﬁingrﬁh?‘gei EP& © ﬁ?%@%’&% ®%al so
conpri ses all nodaéi omtinone eompaibdsasébested fium MHS dirouipsyongisting
particul ar al so H?tﬁii qgs??ay el enents based on poly-Si TFT or MM
However, a significant difference between the displays according to the

i nvention and those which have 15 [®en cuBtomary so far and are based on
the twisted nematic cell is the select\onf the liquid-crystal paraneters
of the liquid-crystgl |z . The prepa on #f the liquid-crystal m Xxtures
to be used accordi By grRTed out in the 20 WEua
manner. As a rule, the d red anount he conponents used in a m nor
anount is dissolved in the conponents which constitute the nmajor
conponent, advantageously at evat & tenperature. It is also possible to
m x sol utions of the conponents\in/an organic 25 sol vent, for exanple in
acet one, chl orof or 1or anol \d 2znove the sol vent again af ﬁﬁe

- m xing, for exanpl & By \disyiTd™N .~“The dielectrics can al so cortHdi
further addi- tives knoWwmto on€ illed in the art and described in 30
the literature. For exanple, 0-15@6p|eochrq§c coIPrants or chiral doping

subst ances can be added. The exanples which §ollpw are intended to
- A Dima Dyt
: F F
rt-{ 8 Y-cE CH,- -(CH,CH,)_~ -R? X
2772 272%s
E F
r}- -CH,CH, - ~(CH,CH,) - -R? X1
2772 2 °2's

in which R! and R? have the abovementioned meaning and s
5 1is 0 or 1. -
The amounts of the compounds of the formulae III

3.

to XI in the mixtures according to the invention (pre-
ferred ranges) can be seen from the table below:
Sum of compounds III and IV: 0% to 40%, preferably 10%

10 _ to 30%
Sum of compounds V and VI: 0% to 40%, preferably 5%

: ' to 20%
-Sum of compounds VII to XI: 0% to 20%, preferably 5%

to 15%
15 It goes without sayiﬁg that the mixtures accord-

ing to the invention, which preferably conaist essen-
tially of the compounds mentiocned as preferred €for
components A to:q, may additionally also contain further



illustrate the invention without Iimting it. Herein- -before and
hereinafter all tenperatures are given in [err]C 35 The percentages are
by weight. Exanple 1 A matrix |iquid-crystal display of the TFT type
containing a nematic |iquid-crystal mxtur elqonsi sting of 17% of
p-trans-4-propyl cycl ohexyl benzonitrile, 7- 13% of

p-trans-4-butylc b 0 4
trans- 1-p- propylgﬁ%%yﬁ%pg%y%% od WA, explicitly. Howsver, this
(trans-4-propyl c£€¥ d8cim| W&%ﬁeme@mm unfavouyablenprpperhine. Gne 4%

of 1- [trans-4- éiiﬁﬂéaé&ﬁreny%@wyéa £15Y ek
hexyl ] - 2- (p- et hyl phenyl ) - et hane, 4% of -s ]s),rlans-341::“‘:"“'e vhether and in

(trans-4-propyl c%#%e?@?‘}nt%y@{“é %W nde GaFH e HSeA-) - et hane, 4% of

ﬁ- [i[]rags( 4-5(tr alns 4- prrmy | dyﬁigbegﬂ ):haC!nkD-dﬂéblay according to the
exy p- pent e 0

Aet hyl -4' - (t ran% Y pé%lf)%/l c% ex?/’F)" %Fpt?(fnﬁ"lwzqfrs' electrode base

E- et hyl - 4' - (t r arplatesntanidy eleictrpdeshi yhick| hawve obeen Bub:lected to

4, 4" -bi s- (trans I r plagn 4‘V
-b| s- (trans-4- péf\lt%m&/cl gﬁ%%@iﬂé ye t%%gr)ogﬂ-& gﬁyw“t%@l % Q

(trans- 4- pent y| 5xRe IR @bsplay. maﬁgfﬂn-‘bi;ml‘?f customary eSign J-B in
cycl ohexyl )x@- flmamsﬂwwrthoaar@ﬁasﬂ% tdbn@fn%eb ali enbédifEsatLoms The

gtem;gl camn;;zre ha Zfbeﬁﬂ'afl ear gﬁ E{W (Hi ;! 3’da Vi sc05|.t¥ Elof éBJanPa S
nemati ¢ m xt ur e neactsiss tdtap iy elements based on poly-si TFT or MIM.
~ However, a significant difference between the
displays according to the invention and those which have
15 been customary so far and are based on the twisted
nematic cell is the selection of the liquid-crystal
parameters of the liquid-crystal layer.
The preparation of the liquid-crystal mixtures to
be used according to the invention is carried out in the
20 usual manner. As a rule, the desired amount of the
components used in a minor amount is dissolved in the
components which constitute the major component,
advantageously at elevated temperature. It is also
possible to mix solutions of the components in an organic
25 solvent, for example in acetone, chloroform or methanol,
and remove the solvent again after the mixing, for
example by distillation.
The dielectrics can also contain further addi-
tives known to one skilled in the art and described in
30 the literature. For example, 0-15% pleochroic colorants
or chiral doping substances can be added.
The examples which follow are intended to
illustrate the invention without limiting it. Herein-

.before and hereinafter all temperatures are given in °C.
35 Thé percentages are by weight.
.~ Example 1
A matrix liquid-crystal display of the TFT type
containing a nematic liquid-crystal mixture consisting of
17% of p- trans 4-propylcyclohexylbenzonitr:.].e,



*”

-+ 17% of p-trans-4-propyl cycl ohexyl benzonitrile, 25 13% of
R-trans-4-butyl cycl ohexyl benzonitrile, 13%of trans,trans-4-pentyl-4'

-fl uoronet hyl - cycl ohexyl - cycl ohexane, 13% of -
tLans,trans-4-propyI-4'-fIuoronethyl-cyclghgny- cycl ohexane, 30 4% of
1- [trans-4- (trans-4-propylcyclohexyl) -cycClo-

hexyl ] - 2- ( p- et hylqy I ;gﬁgﬁﬂf,_ 9 24
(trans-4-propy|cé€ﬁgﬁgzy - CyC g— égg%?F¥%9%L?g?§§#Eﬁg%?fi}gfhane, 4% of
1- [trans-4- (tr %% & SFpnsrd-GrPrPylpbeayd -43pentylcyclohgrane} - 2-
(p- plr opylhpheln]yl )2 Ew Wf,ﬁﬂf;]éﬁrlmhgEh&&&%;g&-(éf&é\ﬁléyléu@&ézﬁyﬁ Ckgeila-
-cycl o- hexyl]-2-(p-pen yl)) -,et han 0 0

4-ethyl -4' -(trans-4-pr opé%&lﬂ?@@'ﬁ‘&ﬁgﬁ?&?’u%wae'

4- et hyl - 4' - (Br ans4% pant W -chtatamex4t X tirapsedpropyliéyoilobexlyl) beyclo-
(trans-4-propyl cycl ohexy =AU Qo hl 11 4% 4, 4" -bis-
(FTans-4-pentyIcyclohexy%%xyégfFugﬁb%tyygﬁ§%§#})aﬁ%ﬁéne' 6% of :
4- (trans- 4- pent yl &fclodhedyi jtxangr 4 af§rang-4rnpropylcyclohexyl) -cyclo-
cycl ohexyl ) - 2-f 1 uor obi pheyayyilas- Synghahypj-gaﬁgﬁé], a viscosity of
19 nPa.s, a nean DC of 5.4, a An qiﬁ .1 aﬂp a res'stiii of F.S X
10[err] [err]cm $% ofexArfitFans- 4z lhrrRemdrRRPRLTES Pﬁéf%ﬁ 18¥Fde-
p-trans-4-paotyl cycl ohextexyl)ere{prpentylphiengl) -ethane, '

a3, Pr oyl AGYl 4P Rhousl gReiale- J00b i cydicAbPEF Bipheny1,
hexyl]-2-(p-trifl 9% ofet Brlefhydyky ~dtirane-4-pentylcyclohexyl) -biphenyl,
4% of 4,4'’-bis-(trans-4-propylcyclohexyl)-2-fluoro-
biphenyl, -
‘15 4% of _4,4'-bis-(trans-4-pehtylcyclohexyl)-z-fluorobi-
phenyl, and
6% of 4-(trans-4-pentylcyclohexyl)-4’-(trans-4-propyl-
_eyclohexyl) -2-fluorobiphenyl
has a resistivity of 3 x 10*? Qcm. The nematic mixture has
20 a clear point of 91°, a viscosity of 18 mPa.s at 20°, a
mean DC of 5.0 and an optical anisotropy of 0.118.
'Example 2
: A nematic mixture consisting of
17% of p-trans-4-propylcyclohexylbenzoniérile,
25 13% of p-trans-4-butylcyclohexylbenzonitrile,
13% of trans,trans-4-pentyl-4’-fluoromethyl-cyclohexyl-
cyclohexane,
13% of trans,trans-4-propy1-4'-fluoromethyl-cyclohexyl-
cyclohexane, .
30 4% of 1l-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl] -2- (p-methylphenyl) -ethane,
4% of 1-[trans-4-(trans-4-propylcyclohexyl)écyclo-
.hexyll-2-(p-ethy1phenyl)-ethane,
4% of 1-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
35 hexyl] -2- (p-propylphenyl) -ethane,
4% of 1-[trans-4-(tranﬁ-4-propylcyclohexyl)-éyclo-
hexyl] -2- (p-pentylphenyl) -ethane, :
7% of 4-ethyl-4’-(trans-4-propylcyclohexyl)-biphenyl,
7% of 4-ethyl-4’-(trans-4-pentylcyclohexyl)-biphenyl,



10% of 1- [trans-4- (trans-4-pentylcycl ohexyl) -cyclo-
~hexyl]-2-(3, 4-di fluorophenyl)-ethane, 10%of 1- [trans-4-
(trans-4-propyl cycl ohexyl) -cyclo- hexyl]-2-(3,4-difluorophenyl)-ethane, 20
20% of 1- [trans-4- (trans-4-propyl cycloh?%l -cycl o-
hexyl]-2-(p-trifluoronet hoxyphenyl)-ethane,~20% of 1- [trans-4-
(trans-4-pentyl cygl ohexyl) ,;cygl o- _ o -
hexyl]-2-(p-trif|g%r8§et b%yﬁﬁgﬁﬁﬁfgé séﬁé?ﬁﬁﬁ?%ﬁ%ﬁ%phexyl) 2-fluorobi

4- (trans-4-pentyl cycl ohephehydl, - (trans-4-propyl - 25

cycl ohexyl ) -2-1| UQ?OQEgthl" -Bi%-thﬂ-éggdﬁtﬁcy@pwﬁQQSift]ho%ﬂﬂ- 2

nPa.s, a nean DC o [err]n of 0.078"and™a resistivity of 8.6 X
10[err] [err] cm This nPReayd, ard particularly suitable for operation in

the first m i nunggceer dangrisndopgentiyl i lohbXyly -av -4 trahesacpaopeit-age
o[‘2.7 V. Exanple 4 A nenatic n1x%g£% ffns_ t of. 4% of 4,4' -bis-
(rrans-4-propylcyclohexy??c-ﬁb?xY rob J"Fﬁ ) 10% of

p-trans- 4- pent yl hgs| ahekedr fpaimtolefn 88196, algdscbdsity of 19 mPa.s, a mean

trans'l'p'pVOpy'BEegﬁ'34}?thX£CXE'Bbfﬁ?”ﬁn4199§8£iséiviéfa&éjé:5 x 10%
(trans-4-propyl cyCl ohexy -cycl o-
hexyl ]-2-(p-trifRe®™sonet hyl phenyl ) -ethane, 10% of 1- [trans-4-
hexyl ]-2- (500 di FEaapers) 1Y et bane. 10% of -
[trgns-4-(t}ans-4-prop5I%y%?%ﬁE ?ITE%E§¥?%E°n’£hting of
hexyl ] - 2- (3, 4- di 1b¥o68phpryrarns MrpentPReydlotexyk+Eivwrbbenzene,
Cergt1 2 oot AR Honft i raomaphenyiog gentyiyeishespre
(trans- 4-pentyl c¥@kobExyly [trpner4- (trans-4-propylcye ochexyl) -cyclo-
is hexyl] -2- (p-trifluoromethylphenyl) -ethane,
10% of 1-[trans-4-(trans-4-pentyleyclohexyl)-cyclo-
hexyl]-2-(3,4-dif1udropheny1)-athane,
10% of 1-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl] -2-(3,4-difluorophenyl) -ethane,
20 20% of 1-[tfans-4-(trans-4-propy1cyclohexy1)-cyclo-
hexyll] -2- (p-trifluoromethoxyphenyl) -ethane,
20% of 1-[trans-4-(trans-4-pentylcyclohexyl)-cyqlo-
hexyl] -2- (p-trifluoromethoxyphenyl) -ethane, and
3% of 4-{trans-4-pentylcyclohexyl)-4’-(trans-4-propyl-
25 cyclohexyl)-2-£1u6robiphenyl
has a clear point of 88°, a viscosity of 15.2 mPa.s, a
mean DC of 4.3, a An of 0.078 and a resistivity of 8.6 x
10®* Q ecm. This mixture is particularly suitable for
operation in the first minimum according to Gooch and

30 Tarry at a threshold voltage of 2.7 V.

Example 4 ‘
A nematic mixture consisting of

4% of 4,4’-bis-(trans-4-propylcyclohexyl)-2-£fluorobi-
phenyl, '

35 10% of p-trans-4-pentylcyclohexyl-fluorobenzene,

12% of. trans-1-p-propylphenyl-4-pentylcyclohexane,

10% of 1-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl] -2- (p-trifluoromethylphenyl) -ethane,

10% of 1-[trans-4- (trans-4-pentylcyclohexyl) ~-cyclo-



hexyl ]-2-(p-trifluoronet hoxyphenyl)-ethane, and 4% of 4-

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

cycl ohexyl ) -2-fl uor obi phenyl 10 has a clear point of 91[err], a [err]n of
0976, a nmean DC of 4.2 and a resistivity-ofi97..3 x 10[err] [err] cm
Example 5 A nematic m xture consisting of 13% of

p-trans-4- propyl cycl ohexyhédeyo+2 4 (3 | - dilfluordienlyl) ~ethane,
p-trans-4-butyl cy. ylbe gl 9% 0f _ S nt

P Uor omet byl *cyofSh R PeDEFaRET A Serpiig O} -phoBY ey d iRyl Nepeto
trans, trans-4-propyl - 4' - fhepyrlired -hi3 ~4ydd flivorpphenydl-ekbrnee, 20 4% of

ﬁ- [Trags 4- (t[ﬁ"fmﬁ&f?pﬂl fﬂfkﬁge}f%ﬂ()tfdi.%fﬂ@-tpropy%cyclohexyl) cyclo-
(te;(Zm]s 4- E)Pogl cg;clpoﬁgiyl) 5@3«:1%- (m(é%ﬂﬁlufr%s{e@bmheﬁyn ~ethane; 4% of
2_ Et rans- 4I gt raalt;stklbﬂrcmytwihshqxxlt)nwd i eﬂﬁylcyclohexﬁﬁ%)‘b}ychlo-l )
-2- (p- propyl phenyl) - et ha tJ.ans tran ) cl ohexy

-cycl o- hexyl]-2-(p-pent
4- et hyl - 4' -(trans-4% mﬁ)pw-d;p:laulueﬁyp)anbvibhyqybheMbM' - (trans- 4-propy1-

4-ethyl -4'-(trans-4-pent %!%@ﬁm 4% of 4,4' -Dbis-
(trans- 4 propyl cycl ohex uor‘)zbl - E:g#lp gg/‘lof 4,4 -Dbis-
(trans- 4- pedidy| c@sRe r. point,efodl . p?]é%/l"f 29769, afmean DC of 4.2

. (trans-4-pentyl cxeﬁi@he&déisﬂnt(yt B Y4 & a0 o 2h.

oycl ohexyl) - 2- fltigrobl ph% has a clear point of 96[err], a [err]n of
0.103, a nean DC 1&? d aresistivity of 1.0 x 10[err] [err] cm This

mxture is particularly duitexatdc aixtmreacoasibbingeofirst mni num -
~according to Googlyeang T fobadls-3-pHopyityd1bbkiPbeRbonitrile,
15 8% of p-trans-4-butylcyclohexylbenzonitrile,
15% of trans,trans-4-pentyl-4’-fluoromethyl-cyclochexyl-
cyclohexane,
17% of trans,trans-4-propyl-4’-£fluoromethyl-cyclchexyl-
cyclohexane,
20 4% of l1-[trans-4-{(trans-4-propylcyclohexyl) -cyclo-
' hexyl] -2- (p-methylphenyl) -ethane,
4% of 1-[trans-4-(trans-4-propylcyclohexyl) -cyclo-
' hexyl] -2- (p-ethylphenyl) -ethane,
4% of 1-[trans-4-(trans- 4-propylcyclohexy1) cyclo-
25 . - hexyl] -2- (p-propylphenyl) -ethane,
4% of 1l-[trans-4-(trans-4-propylcyclohexyl) -cyclo-
hexyl)] -2- (p-pentylphenyl) -ethane,
9% of 4-ethyl-4’-(trans-4-propylcyclohexyl)-biphenyl,
_ 8% of 4-ethyl-4’-(trans-4-pentylcyclohexyl)-biphenyl,
30 4% of 4,4’-bis-(trans-4-propylcyclohexyl) -2-£fluorobi-
phenyl,
4% of 4,4’-bis-(trans-4-pentylcyclohexyl)-2-£fluorcbi-
: phenyl, and
. 6% of 4-(trans-4-pentylcyclohexyl)- 4'-(trans -4.-propyl-
35 cyclohexyl) -2-£fluorobiphenyl
has a clear point of 96°, a An of 0.103, a mean DC of 4.9
and a resistivity of 1.0 x 10 Q cm. This mixture is
particularly suitable for operation in the first minimum
according to Gooch and Tarry at a threshold voltage of



e

- 20 - 2. 3 V. Exanple 6 A nematic m xture consisting of 13% of
‘pstrans-4-propyl cycl ohexyl benzonitrile, 5 13% of. trans,
trans-4-pentyl-4'" -fluoromethyl-cycl ohexyl - cycl ohexane, 15% of

trans, trans-4-propyl -4'-fl uororet hyl -cycl ahegyl.- cycl ohexane, 12% of
trans, trans-4-pentyl -4'-(2-fluoroethyl)-cyclo- 10

hexyl cycl ohexane, 24%‘0;‘ 1 [trans-4-(trans-4-propyl cycl ohexyl)-cycl o-
hexyl ] - 2-(p- math et hane, 4% of 1- [trans-4-

(trans-4-propyl cyc 0 xyI -cyclo- hexyl] 2- (p- et hyl phenyl) et hane, 15
4% of 1- [trans-4- (trar&%%lw@ﬂa iapizign of

hexyl ] - 2- (p- propﬂﬁlwl) S - 4 P H@}? itrile
(trans-4- propgll cycl ohexy -cycl o- hexyl -2 (p-pénty zﬁgngy 1et hane, 9% of

4- et hyl - ansk 3 (R%pFRARE STERP--BPBR¥AGR - §§“°1‘°B%'- -cyclohexyl-
4-‘et hyl - (trans 4- pent;& deanid,) - bi phenyl, 4% of 4, 4" -bis-
B e R -
(trans-4-pentyl cycl ohexylc)yc]mheaner.ans - propyl -
cvelones])- 211 LoD Vb Perengl 13haRRp L4, USRI ey,
m xture is Mtlcularlym 'at|on|nthef|rst m ni nrum 30
according to CGooclysprsk Tars peiénd-hezaslsl 4.3 iapplecidchekyl) - cyclo-
hexyl] -2- (p-methylphenyl) -ethane,
4% of 1l-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl] -2- (p-ethylphenyl) -ethane,
15 4% of 1l-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl] -2- (p-propylphenyl) -ethane,
4% of 1-[trans-4-(trans- 4- -propylcyclohexyl) - cyclo-
hexyl] -2- (p- pentylphenyl) -ethane,
9% of 4-ethyl-4’-(trans-4-propylcyclohexyl)-biphenyl,
20 8% of 4-ethyl-4’-(trans-4-pentylcyclohexyl)-biphenyl,
4% of 4,4’-bis-{trans-4-propyleyclohexyl)-2-£fluorobi-
phenyl,
4% of 4,4’-bis-(trans-4-pentylcyclohexyl)-2-£fluorcbi-
phenyl, and _
25 6% of 4-(trans-4-pentylcyclohexyl)-4’-(trans-4-propyl-
cyclohexyl) -2-£fluorobiphenyl
has a clear point of 99°, a An of 0.097, a mean DC of 4.1
and a resistivity of 7.8 x 10 © cm. This mixture is
particularly suitable for operation in the first minimum
30 according to Gooch and Tarry at a threshold voltage of
2.9 V.
Example 7
- A nematic mixture eonsistxng of
. 16% of p-trans-4-propylcyclohexylbenzonitrile,
35 13% of trans,trans-4-pentyl-4’- fluoromethyl-cyclohexyl-
cyclohexane,
13% of trans,trans-4-propyl-4’-fluoromethyl-cyclohexyl-
cyclohexane, )
11% of trans,trans-4-pentyl-4’-~(2-£fluorocethyl)-cyclo-



- "

Exanmple 7 A nematic m xture consisting of 16% of

© R-trans-4-propyl cycl ohexyl benzonitrile, 35 13% of

trans, trans-4-pentyl -4'-fl uoronet hyl -cycl ohexyl - cycl ohexane, 13% of
tmans,trans-4-propy|-4' -fluoronet hyl -cyclLofgxyl - cycl ohexane, 11% of

trans, trans-4-pentyl - (2 fl uoroet hyl ) -cycl o- -21- hexyl cycl ohexane, 4%
of 1- [trans-4- (trans Q?hiﬁﬁh&hg& 1) -cyclo-

hexyl 2- met h he hane, 4% 4-
(Eranbo 4 bhopyl oy dkofE 3‘) Tgpitd 4 < (Erans-4-pripy feyelohexyl) -cyclo-

?exyl]-z-(p-etrylphenyl)hﬁhbanez-4%®nbth&1phhnyh$-dthane,

. (trans-4-propyl cy yl) h I ane, 4% of
1- [trans-4- (tra%% %Ergp cyc %ﬁex LLB 4£%£§§¥&ZPQEQ&Q&§& cye1°9
hexyl ] - 2- (p Bent yl phenyl hexyRdnd- (pee y@pbsnyl) ethane,

4-ethyl-4"-(transg opy L qysl 1 peeay Péveloh )
47et hyl -4' - (trans- % %gntiycydéﬁggzl§tg? B % i?? Yc ° exy*) eyclo

(trans-4- propylcyclohexy 3] rFuéPoBF°P§hBﬂ ¥ h@?tk‘nﬂ'4' - bi s-
(trans-4-pentyl cygkobEXyL)r [trdns 4+ (brank54 - p:opylcypm»ydxynhdcﬁwm‘- 4-

yel ohexyl) - 221 | uor obi phBRTF a8~ 4BCPeRF iRV - 8808 1 o an of 0. 100,
a mean DC ofL04. 2 akdod rdsbshrikﬂy-étrini-i-nﬁ?!V1¢Y?lnh§x!#ﬂ -biphenyki ur e
1 BoonPana o PPNt MRbhigh o4 CURHELAOE b1 Sheti 1 ABGEPL 0
4% of 4, 4’-bis-(trans 4-propylcyclohexyl) -2-£f1luorobi-
phenyl,
4% of 4,4’-bis-(trans- 4-pentylcyclohexy1) ~2-fluorocbi-
15 phenyl, and
6% of 4-(trans-4-pentylcyclohexyl)-4’-(trans-4-propyl-
cyclohexyl) -2-£fluorobiphenyl
has a clear point of 99.5°, a An of 0.100, a mean DC of
4.2 and a resistivity of 7.5 x 10 @ cm. This mixture is
20 particularly suitable for operation in the first minimum
according to Gooch and Tarry at a threshold wvoltage of
2.7 V. '
Example 8
A nematic mixture consisting of
25 17% of p-trans-4-propylcyclohexylbenzonitrile,
13% of trans,trans- 4-pentyl-4’-fluoromethyl- cyclohexyl-
cyclohexane,
13% of trans,trans-4-propyl-4’'- fluoramethyl cyclohexyl -
cyclohexane,
30 9% of trans-l-p-propylphenyl-4-pentylcyclohexane,
4% of 1-[trans-4-(trans-4-propylecyclchexyl) -cyclo-
hexyi]-2-(p-methylphenyl)-ethane,
4% of 1-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
- hexyl] -2- (p-ethylphenyl) -ethane,
35 4% of 1-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl] -2- (p-propylphenyl) -ethane,
4% of 1-[trans-4- (trans-4-propylcyclohexyl) -cyclo-
" hexyl]-2-(p-pentylphenyl) -ethane,"
9% of 4-ethyl 4'~(trans 4-prapy1cyclohexyl)-biphenyl,



L4

Exanple 8 A nematic m xture consisting of 25 17% of
R-trans-4-propyl cycl ohexyl benzonitrile,. 13% of trans, trans-4-pentyl-
-fl uoromet hyl - cycl ohexyl - cycl ohexane, 13% of

tr.ans, trans- 4- propyl -4' -fl uor onet hyl - cyclohfg - cycl ohexane, 30 9% of
trans- 1- p- propyl phenyl - 4- pentyl cycl ohexane, 4% of 1- [trans-4-

(trans-4-propyl CyshOB%xyh)-ng%gLav hex.cxhls i {aanmayéras&}iy%myf% of

1- [trans-4-(trans-4 propy ohexyl)
hexyl ] - 2- (p- et hyl Bfe®¥l ) eflhahés -3fran 'cHr°H¥1‘[1‘E‘?Jé?M-1) -2-fluorobi-
(trans-4- propylcyclohexybhengiglo- hexyl ] -2- (p- propyl phenyl) - et hane, 4% of

1- [trans-4- (tra 4-prap
hexyl ] - 2-(p- pentyB%h ? éth g lz;fg#s-‘fﬁﬁé%xlqyclohexyl) ~2-£fluorocbi -
-(trans-4- prspylcyclohexphpnblphsnﬁl -22- 9% of

4-ethyl -4' - (transgg- Qntqu¥§L§Fﬁgﬁéiﬁgyfgg?wqheﬁﬁgyﬂ;.;Qﬁgaqgwgipropyi-

(tTans- 4- propylcyclo exyl) 4 4
(trans- 4- pentylcyclohexyP)'CJ-Qhe?‘Y%erfluBr iphenyl phenyl, and 6% of 4-

(tr?nﬁ 4- FGHEYLFﬁﬁhogeélhhr'ﬁoint(hE?BQ'4°Drﬁp£h of 0.108, a mean DC of
0708, a” mean DClof 358 BHeBLTRATARY h 701 2118° 8 15t T (vaadoRtnY ahe
viscosity aiolO 2020ieraB.4smb8.6.nPa.s. Exanple 9 A nematic m xture
consi sting of 17%%2Lplg-brans-4-propylcyclohexylbenzonitriIe,
A nematic mixture consisting of
17% of p-trans-4-propylcyclohexylbenzonitrile,
' 13% of trans,trans-4-pentyl-4’-fluoromethyl-cyclohexyl-
15 cyclohexane,
13% of trans,trans-4-propyl-4’-fluoromethyl- cyclohexyl-
cyclohexane,
11% of trans-l-p-propylphenyl-4-pentylcyclohexane,
4% of 1-[trans-4-(trans-4-propylcyclohexyl) -cyclo-~
20 hexylj-2-(p-methylphenyl)-ethane,
4% of 1l-[trans-4-(trans-4-propylcyclohexyl) -cyclo-
hexyl] -2- (p-ethylphenyl) ~ethane,
4% of 1l-[trans-4-(trans-4-propylcyclochexyl) ~-cyclo-
hexyl] -2- {(p-propylphenyl) -ethane,
- 25 4% of 1l-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl] -2- (p-pentylphenyl) -ethane, ~
8% of 4-ethyl-4’-(trans-4-propylcyclohexyl)-biphenyl,
8% of 4-ethyl-4’-(trans-4-pentylcyclohexyl)-biphenyl,
4% of 4,4’-bis-(trans-4-propylcyclohexyl)-2-£luorobi-
30 phenyl, _
4% of 4,4’'-bis-(trans-4-pentylcyclchexyl)-2-£luorobi-
phenyl, and '
6% of 4-(trans-4-pentylcyclohexyl)-4’-(trans-4-propyl-
.. cyclohexyl) -2-£fluorobiphenyl
35 has a clear point of 89.8?, a An of 0.102, a mean DC of
4.4, a resistivity of 1.5 x 10 Q cm and a viscosity of
18.1 mPa.s.
Example 10
A nematic mixture consisting of



13% of trans,trans-4-pentyl-4'-fluoronethyl-cyclohexyl- 15
cycl ohexane, 13% of trans,trans-4-propyl-4'-fluoronethyl-cyclohexyl -
cycl ohexane, 11% of trans-1-p-propyl phenyl -4-pentyl cycl ohexane, 4% of 1-

[ teans- 4- (trans- 4- propyl cycl ohexyl) -cycl @ 220 _
hexyl ] - 2- (p- met hyl phenyl ) - et hane, 4% of 1- [trans-4-

(1”(??8 4- DLOE)%/I cycwrezyIathaafé?-Wﬂciﬁﬂ&éwlﬂ%&mnﬁwe 4% of
- rans ran cycl ohex -cycl.o
hexyl | - 2- (p-pr opyl’b’ﬁe%;y g ’éﬁ‘% £ ¢ llf?;\?"t}l"heig’l -fluorcbenzene,
Ltrarf 4- Etrans 4i¢x(1uy:qye&x&nsqéahexymdyblohexyl -fluorcbenzene,
exy 2-(p-penty e
4-ethyl -4"-(trans- ﬁpér’%p {cﬁgo%exéﬁpq{* qr}’ecrﬁﬂhe’%} 5f1u°r°h°nzene'
4-et hyl -4' - (tF ans-5%& mﬁuﬂtzeranex}l-)(tmqawprqmrébyclohexyl) -cyclo-

4, 4" - bi s-(trans 4- propyl qyg,hme_)gd 2,%”f lguQgePE ,,gﬁ,b n Lpé 0 Of
4,4 -bis- (trans-4 pentylc clohex% ’2- quor%bl E en P, angﬂgwgo 5&

(trans-4-pentyl cyc®REyld- 'arans(- |" dfrangn4peetyleyclohexyl) -cyclo-
cycl ohexyl ) - 2-f uor obi phﬂ{g&yﬁS-z-Crns'allcl-eﬁifmmwhe&&ﬂg-ﬁli cethanef

0.102, a nean DC 4 4, a resi IVI er err

viscosity of 18.1qﬁb é¥ Rangﬁ%éh%ﬂ¥i % %ngtﬁﬁcf%'23
- 8% of p-trldns-4- propyld@z&xﬂquﬂohﬁxnnuobenzene 7% of

p-trans-4-pentyl cygl Qﬁ?ﬁﬂr{ﬁﬁoé Ezfn?p-éf%?§lphenyl) -4-pentyl-cyclo-

p-trans-4-hexyl cycl ohexyl uoro enzene
p-trans- 4- hept yl cycl ohexe¥Le |QQ&§E§§%£r
8% of trans,trans-1-(p-fluorophenyl) -4-propyl-cyclo-

hexylcyclohexane,
15 7% of trans,trans-l-(p-fluorophenyl)-4-pentyl-cyclo-
hexylcyclohexane,
6% of trans,trans-l-(p-trifluoromethoxyphenyl)-4-
_ propyl-cyclohexylcyclohexane,
4% of transg,trans-l-(p-trifluoromethoxyphenyl)-4-
20 pentyl-cyclohexylcyclohexane, '
6% of trans,trans-1l-[p-(1,1,2,2-tetrafluorocethoxy)-
phenyl] -4 -propyl-cyclohexylcyclohexane,
4% of trans,trans-1l-[p-(1,1,2,2-tetrafluoroethoxy)-
phenyl] -4-pentyl -cyclohexylecyclchexane, '
25 3% of 4,4'’-bis-(trans- 4-propy1cyclohexy1) «2-fluorobi-
phenyl, -
3% of 4,4’-bis-(trans-4-pentylcyclohexyl)-2-£luorobi-
phenyl and ' _
4% of 4-(trans-4-pentylcyclohexyl)-4’- (trans-4-propyl-
30 cyclohexyl) -2-fluorobiphenyl
has a clear point of 92°, a An of 0.099, a mean DC of
4.1, a resistivity of 5.4 x 10" Q@ cm and a viscosity of
only 14 mPa.s.
. Example 11
35 A nematic mixture_cohsisting of
10% of p-trans-4-propylcyclohexylbenzonitrile,
22% of trans-l-p-propylphenyl-4-pentylcyclohexane,
5% of 4,4'-bis-propylbiphenyl,
5% of trans,trans-4-propyl-4’-methyl-cyclohexylcyclo-



-

5 5% of 1- [trans-4- (trans-4-propylcyclohexyl) -cyclo- hexyl] -2-
(2,3 ,4" -trifluorobi phenyl -4-yl)-ethane, 5%of 1- [trans-4-
(trans-4-pentyl cycl ohexyl) -cyclo- hexyl] -2- (2,3 ,4

-f%i fl uor obi phenyl -4-yl) -ethane, 8% of
trans,trans-_l-(p-ethylphenyl)-4-propy|-cyc‘l&-4 TOo

hexyl cycl ohexane, 7% of ,transtrans-1-(p-propyl phenyl)-4-pentyl-cyclo-
hexyl cycl ohexane, 8% of #?fﬂﬂf%rans-l-(p-fluorophenyl)-4-propy|-cyclo-
hexyl cycl ohexane, 4% of 726 btrans-4-(trans-4-propylcyclohexyl)-cyclo-

trans, trans: Lo (p-iri | Carll {2 00E oo Pny 1T WeRkRecn exane, 6% 07
propyl - cycl ohexyl e |ohedmEtransott - (trans-4prepylcyclohexyl) -cyclo-
ég;t;ifluorOthhoxygheny??nqﬁgf?ﬁ(%-eﬁﬁylphdﬁﬁpykmﬁgggghexyIcyclohexane,
00 rans, transgl-[n- (L1, - r uor oet hoxy) -
pﬁényl]:4-propy|-égif%ﬁeibTégf?ﬁﬁé 563?*3%?%'Pr°z}lcycl°hexyl)‘°Y°1°'
tLansi}rins-li[P-(l,ﬁ,2Jhﬁxﬂkﬁfﬁ4ﬂpupzdp;@§henx})-ethane,
phenyl [ - 4-pentyl - exyl QZQ -4 - -
4,4 -bis-(trans- 4-%%6%I éycf%’gelgel - g‘iﬁaug%r éoié:@gﬁ%%crflﬁ%%’fylh, &yc-ltﬂ S-
(trans-4-pentyl cycl ohexyhexydli4 entyipheryldidetane,
4-(trans-4-ggntyl euclgghexy -lksifk'-((ttzraaﬁ&u‘lp%gwhyciehwlL -benrene

cycl ohexyl ) -2-fl ugr.obi phenyl _has a clear point of 92[err|, a [errin of
0.099, a nean DC &* 4’.{ 47 ethyilsd’ i (traps-4 -propYdr ifh EYL) -E%PLKW%:

viscosity off025&9&4cﬁPaASatﬁw&ﬁﬂPe(k&a&5-4-pentylcyé1§n€$y1r-Bi%}ﬂ?fl,
P ooy o g ARG R 8 4850
luorcbiphenyl-4-yl) -ethane,
15 4% of 4,4’-bis-(trans-4-propylcyclohexyl)-2-fluorobi-
' phenyl,
4% of 4,4’-bis-(trans-4-pentylcyclohexyl)-2-fluorobi-
phenyl and '
6% of 4-(trans-4-pentylcyclohexyl)-4’-(trans-4-propyl-
20 cyclohexyl) -2-fluorobiphenyl '
has a clear point of 95°, a viscosity cf 16 mPa.s, a An
of 0.113, a mean DC of 3.8 and a resistivity of 7x10® Q
cm.
Example 12 ,
25 A nematic mixture consisting of
17% of p-trans-4-propylcyclohexylbenzonitrile,
11% of trans-l-p-propylphenyl-4-pentylcyclchexane,
13% of trans,trans-4-pentyl-4’-fluoromethyl-cyclohexyl-~
cyclchexane,
30 13% of trans,trans-4-propyl-4’-flucromethyl-cyclohexyl-
cyclohexane,
4% of 1-[trans-4-(trans-4-propylcyclohexyl) -cyclo-
; hexyl] -2- (p-methylphenyl) -ethane,
4% of 1l-[trans-4-(trans-4-propylcyclchexyl) -cyclo-
35 - hexyl] -2- (p-ethylphenyl) -ethane,
4% of 1l1l-[trans-4-(trans-4-propylcyclochexyl) -cyclo-
hexyl] -2- (p-propylphenyl) -ethane,
4% of 1l-[trans-4-{(trans-4-propylcyclochexyl)-cyclo-
hexyl)] -2- (p-pentylphenyl) -ethane,



»

5% of trans, trans -4 -propyl-4" -nethyl-cycl ohexyl cycl o- - 24- hexane,
4% of 1- [trans-4-(trans-4-propylcycl ohexyl) -cyclo-

“hexyl ] - 2- (p- met hyl phenyl ) - et hane, 4% of 1- [trans-4-

(trans-4-propyl cycl ohexyl) -cyclo- 5

hexyl ] -2-(p-ethyl phenyl) et hane, 4% of 17 ??r ans- 4-

o PPV, PP Y 4 A e 5 BB ARYERBRRN LU 1 ©

-2- (p- pent yl pheny|8% atfhaR-etityl-459{ttans-4-pentylcyclohexyl) -biphenyl
1, 4-bi s- (trans 4- propyl cy, iqﬁexyl) benzene 9% of

4-ethyl -4'-(trans-4-propyl cycl ‘ohex | ) - bi phenyl, 9% of '
4-ethyl - 4" - (trans-4% @t W& IR Sa%pﬁew;/??ﬂs%ﬂohexyl) -2-fluorcbi-

1-(trans- 4 prsopyl cycl ohexHenyls- (4' -ethyl - -

f I'uor obi phenyl - 4-y| 'y 4% of 4.4 | S- .
(tF ans- 4- propyl cy A %ﬁ’gy%% zﬁa%oﬁﬁﬂ“ p%e?ﬁ/'?tyﬁqm°hm)-ﬁ'§-lu°r°bl'
(trans-4-pentyl cycl ohexylp)zen?lflandrobl phenyl and 6% of

4- (trans-4-pentyl cI exyl -(_ r c 12 _Ar -

cycl ohexyl)-2-fl uc%ilréob:yp:hé%ﬂ:r as 4 él%ﬁ%f:[%g %‘L '@ [4err tra§GV|4sé’5'S|% “of
16 nPa.s, a [err]n of 0. FYElO&‘ePPF&n Befdnogobiphenylr esi stivity of

7x10[err] [ qp] s @%ﬂae poinr of 90°, aw&l&tﬂt& BEX 1Y MPaESiatid 0 Of
17% of p-trans-4 p:?ﬁ) %él ohexyl benzoni'trile, 11% of

trans-1-p-pr opyI ntyl cycl ohexane, 13% of
trans, trans- 4- peExgimplde flBuor onet hyl - cycl ohexyl - cycl ohexane,

A nematic mixture consisting of
'14% of p-trans-4-propylcyclohexylbenzonitrile,
15 14% of trans-l-p-fluorophenyl-4-pentylcyclchexane,
14% of trans-l-p-fluorophenyl-4-heptylcyclohexane,
10% of trans-l-p-propylphenyl-4-pentylcyclohexane,
6% of 1l-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
. hexyl] -2~ (p-fluorophenyl) -ethane,
20 6% of 1l-[trans-4-(trans-4-pentylcyclohexyl) -cyclo-
hexyl] -2- (p-£fluorophenyl) -ethane,
5% of 1l-([trans-4-(trans-4-pentylcyclohexyl)-cyclo-
hexyl] -2- (p-trifluoromethylphenyl) -ethane,
5% of 4,4’-bis-(trans-4-propylcyclchexyl)-biphenyl,
25 5% of 4,4’'-bis-(trans- 4-propy1cyclohexy1) 2 fluorobi-
phenyl,
5% of 4,4’-bis-(trans-4-pentylcyclohexyl)-2-£fluorocbi-
phenyl,
5% of 4,4’-bis-(trans- 4-pentylcyclohexy1)-biphenyl.
30 5% of 4-{(trans-4-pentylcyclohexyl)-4’-(trans-4-propyl-
cyclohexyl) -biphenyl and
6% of 4-(trans-4-pentylcyclohexyl)-4’-(trans-4-propyl-
; cyclohexyl) -2-fluorobiphenyl
- has a clear point of 95°, a viscosity of 17 mPa.s and a
35 An of 0.105. |
The following mixtures are very suitable for MLC
displays:
Example 14
A nematic mixture is prepared which consists of:



30 13% of trans,trans-4-propyl-4'-fluoronethyl-cycl ohexyl - cycl ohexane,
4% of 1- [trans-4- (trans-4-propylcycl ohexyl) -cyclo-

hexyl | - 2- ( p- met hyl phenyl ) - et hane, 4% of 1- [trans-4-

(t¥ans- 4- propyl cycl ohexyl) -cyclo- 35 - 26 -

hexyl ] - 2- (p-et hyl phenyl ) - et hane, 4% of 1- ﬁt rans- 4-

(trans-4- propyl cycphsey|a- (¥ - bepaatﬁepcaroqmmnnuc@x b@Ago A3 Of
1- [trans-4- (trans-4-pr c cIohex}y cyc 0-

haxyl ] - 2- (p- pent yl phenyl ;i%éﬂé]@ 4-

4-ethyl -4' - (trans:7% mmpy&mﬁé wl, ﬁ%ﬁi:yl clohexane

E-ethyl-4"-(tran C cIohex b| he SIC 4" “bis-
(trans- 4- propyl c?‘cq%‘or?g Bél) "Ztﬂlﬁo “% _r]!y_p °PY %e’&r/}brcxﬁlﬂ-
-hi s- (trans54-pentyl cyclhexydll-2- @-Nnmwmphanﬁlﬁq/ebhané-
(trans-4-pentylc yla). 3

c§J(;:I ohexyl) - 2- flé?r%gtrﬁ()h% {&ané ‘ffagé“éﬁaguﬁg?né’lo’f %of’é’r"? ,s a vq C%SI ty
of 18 nPa.s and a An of ﬂ;»?“BP&Wé-)ISYRlMH'ﬁFR?EPe consi sting of

14% of1 p- ]Elrans 4?:; erwl qyc!@imylbeueahtsr-ld le¥é¥otexyl) -cyclo-
trans- 1- b-11 Uor ophonyl - 4R BrdRssRdt Lo SGhr1) -ethane,
trans- 1- p- pAdpy| 208n@f 4-1pcitinany et oliexans - 466Prdpylcyclohexyl) -cyclo-
e S o e BP0 ks ome hopyphsnyy) -echane,
(trans- 4- pent yl cg&foledxy L)~ [tans=4- (trans-4-pentylcyclohexyl) -cyclo-
hexyl] -2- (p-trifluoromethoxyphenyl) ~ethane, and
3% of 4-(trans-4-pentylcyclohexyl)-4’-(trans-4-propyl-
15 cyclohexyl) -2-£fluorobiphenyl.
Example 15 .
A nematic mixture is prepared which consists of:
4% of 4,4’-bis-(trans-4-propylcyclohexyl)-2-£fluorobi-
'phenyl.
20 10% of p-~trans-4-pentylcyclohexyl-£fluorcbenzene,
12% of trans,trans-4-propyl- 4'-nethoxymethyl-cyelohexyl-
cyclohexane,
10% of  l-{[trans-4-(trans-4-propylcyclohexyl) -cyclo-
hexyl] -2- (p-trifluoromethylphenyl) -ethane,
25 10% of 1-[trans-4-(trans-4-pentylcyclohexyl) -cyclo-
hexyl] -2-(3,4-difluorophenyl) -ethane,
10% of 1l1-[trans-4-{(trans-4-propylcyclohexyl)-cyclo-
hexyl] -2- (3, 4-difluorophenyl) -ethane,
20% of i-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
30 hexyl] -2- (p-trifluoromethoxyphenyl) -ethane,
20% of 1l-[trans-4-(trans-4-pentylcyclohexyl)-cyclo-
hexyl] -2- (p-trifluoromethoxyphenyl) -ethane, and
4% of 4-(trans-4-pentylcyclohexyl)-4’-(trans-4-propyl-
cyclohexyl) -2-£fluorobiphenyl.
35 Example 16
A nematic mixture is prepared which consists of:
13% of 1-(trans- 4-propy1cyclohexy1) -2- (p-cyanophenyl) -
ethane,
8% of p-[trans-4-(trans-4-pentylcyclohexyl)-cyclo-



hexyl]-2-(p-fluorophenyl)-ethane, 5%of 1-

[trans-4-(trans-4-pentyl cycl ohexyl) -cycl o-

hexyl ]-2-(p-trifluoronethyl phenyl)-ethane, 5% of

4,4 -bi s-(trans-4-propyl cycl ohexyl) - bi pheny 5% of 4,4 -bis-
(trans-4-praopyl cycl ohexyl) -2-fl uorobi - r?yq - 5% of 4,4 -bis-

(trans-4-pentyl cycl ohexyl% Iuorob| nyl, 5% of
4,4' -bis-(trans-4-pentylc Z%L pn ?r;ﬁ', 30 5% of 4-

(trans-4-pentyl cyré®hegyl yranﬁrt:(dnaa-m—pbqtyapyl'-fduobohexh#l-b&ahﬁnﬁkyﬂﬂd

6% of 4- (trans-4- pentyl #;% -4' - (trans-4-propyl -
cycl ohexyl ) -2-fl uor obi as 1ear point of 95[err], a viscosity of
17 nPa.s and a 3517%[e r] Framay trens -Arpropyilodi’ nflrexonetbydr eyedohexyl

suitable for §LC di spI ayse MQ‘44 A nematic mxture is prepared which

copsi sts of: -2 10% ns- 4 nt clo | ),-2-(4"-fl uoro-
_bi ghlanw 4-yl)-eth P /'E)'F“'g‘ sPIPB b)lﬁbrPém}sgr?SsﬁféPc%Pg%x&ne,

10% of 1- [trans-4- (trarmyd&qhe:md)owﬂldasyl) -cyclo- 5
hexyl]-2-(p-trifluyg t | eh % i
1- (trans- 4- pent yl cycl h]}/ h %% °hexy1 phenyl] -2- (trans-
di f I uor ophenyl ) - cycl ohex ']PQR%RYCI-M rsqhms 4-

(trans-4-propyl cydsphsxyl- [@i‘&hﬂ 4hq>€£a]na?-4-3gfloﬂirﬁhw1mi)‘-%%@*

-20% of 1- [trans-4- (trans-4-propylcycl ohexyl
hexyl ] -2-(p-trifluoromet e Ge d-phernyl) - “ethane,

4% of 1-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl] -2- (p-pentylphenyl) -ethane,
9% of 4-ethyl-4‘-(trans-4-propylcyclohexyl)-biphenyl,
15 7% of 4-ethyl-4’-(trans-4-pentylcyclohexyl)-biphenyl,
4% of 4,4’-bis-(trans-4-propylcyclohexyl)-2-fluorobi-
phenyl,
4% of 4,4’-bis-(trans-4-pentylcyclohexyl)-2-fluorcbi-
phenyl, and
20 6% of 4-(trans-4-pentylcyclohexyl)-4’'-(trans-4-propyl-
cyclohexyl) -2-£fluorobiphenyl.
Example 17
A nematic mixture is prepared which consists of-
13% of p-trans-4-propylcyclohexylbenzonitrile,
25 13% of trans,trans-4-pentyl-4’-fluoromethyl-cyclohexyl-
' cyclohexane, -
15% of trans,trans-4-propyl-4‘-fluoromethyl-cyclohexyl-
cyclohexane, .
12% of 1-(trans-4-pentylcyclohexyl)-4-propyleyclohex-1-
30 ene,
4% of 1l-[trans-4-(trans-4-pentylcyclohexyl)-cyclo-
hexyl] -4-propylcyclohex-l-ene,
4% of 1-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl]42-(p-ethylphenyl)-ethane,
35 4% of 1l-[trans-4-(tranas-4-propylcyclohexyl)-cyclo-
' hexyl]—2-(p-propylphény1)-ethane,
4% of 1-[{trans-4-(trans-4-propylcyclohexyl) - cyclo-
| hexyl] - 2 (p-pentylphenyl) -ethane,
9% of 4-ethy1 4'-(tran--4-propylcyclohexyl)-biphenyl,

10



20% of 1- [trans-4- (trans-4-pentylcyclohexyl) -cyclo-
hexyl]-2-(p-trifluoronethoxyphenyl)-ethane, and 3% of
4-{trans-4-pentyl cycl ohexyl)-4'-(trans-4-propyl- 15

cyél ohexyl ) - 2-fl uor obi phenyl . Exanple 15 A R8matic nlxture i's prepared

whi ch consists of: 4%of 4,4 -bis- (trans 4- prog gclohex L
“2-fluorobi- phenyd% of 4%&*"% <t RaRarrpenfydercdnberyl) rhdpbeawiene,

12% of trans, trang ‘bﬂ)rﬂpﬂ*-ébﬁm(éﬁﬂm i- grbféméxyryciofmil()%
of 1- [trans-4- (trans-4-propyl cycl ohexyl) -cyc

hexyl]-2-(p-trifluoronet yl ) - et hane, 25 10% of

1-[trans-4- (trans-4% et M,Ggﬂolhimxvt#mqel%entylcyclohexyl) ~2-fluorobi-
hexyl ] -2- (3, 4-di fl uor oph 4%¥ qﬂﬁ O@bof 1- [trans-4-

(trans-4-pro Icyclohexyﬁ?y yd¢l o exyl]-2-(3, 4- d|fluorophenyl) et hane,
20% of 1-[trans- 6% mn§-4mpyﬂcp@bnbwc;obwu 40- (trans-4-propyl-
hexyl]-2-(p-trifluoronet 1)-2LaneroBighehyl. [trans-4-

(trans-4-pentyl cycl ohexyl ) -cycl o-
hexyl ] - 2- (p- trlfﬁﬁaqﬁﬁﬁ H&yphenyl ) - et hane, and 4% of
4-(trans-4- pentylcyclohemyhbmatic ﬁhk&ﬁie4i§rp§¥bared wh:ch consists of:

cycl ohexyl obi phenyl xture i s prepared
M%ICh co%s?gts o#‘ §$P0P raPPF&ﬁ?’2P§&SK§&89838ﬁ ??f?n : #5 cyangphgnyl)
- ethane, 8% of 13% [cdff artrahs, Cranassdpantyl+4Ly<fhiwonethydadyrlohexyl-/ -

hexyl ] - benzonitrile,

184Hy
trans, trans-4-pentyl - uoronefﬁyl cycl ohex I-
13% of trans, trans-4-propyl-4- fluoromethyl cyclohexyl-

cyclohexane,
15 11% of trans,trans-4-pentyl-4’-(2-fluoroethyl)-cyclo-
' hexylcyclohexane,
4% of 1-(trans-4-prupylcyclohexyl)-2-(4-penty1bipheny1;
4’-yl)-ethane, _
4% of 1-[p-(trans-4-pentylcyclchexyl)-phenyl]-2-(p-.
20 _ propylphenyl) -ethane,
4% of 1-(trans-4-penty1cyclohéxyl)-2-[trans-4-(p-
propylphenyl) -cyclohexyl] -ethane,
4% of l-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl] -2- (p-pentylphenyl) ~ethane,
25 9% of 4-ethy1-4'-(trans-4-propylcycldhexyl)-biphenyl,
8% of 4-ethyl-4’-(trans-4-pentylcyclohexyl)-biphenyl,
4% of 4,4’-bis-(trans-4-propylcyclchexyl) -2-£fluorobi-
phenyl,
4% of 4,4’-bis-(trans-4-pentylcyclohexyl)-2-£luorobi-
30 phenyl, and -
6% of 4-(trans-4-pentylcyclohexyl)-4’- (trans-4-propyl-
cyclohexyl) -2-£luorcbiphenyl.
Ex&mpie 19
. A nematlic mixture is prépared.which consists of:
35 17% of p-trans-4-propylcyclohexylbenzonitrile,
13% of trans,trans-4-pentyl- 4'-ethoxy-cyclohexylcyclo-
hexane,
13% of trans,trans- 4-propyl- 4'-£1uoramethy1 cyclohexyl-
‘eyclohexane, :



cycl ohexane, 17% of trans,trans-4-propyl-4'-fluoronethyl-cycl ohexyl 5

cycl ohexane, 4% of 1- (trans-4-propylcyclohexyl) -2- (trans-4-pentyl-

cycl ohexyl ) -ethane, 4% of 1-[p-(trans-4-propylcyclohexyl-phenyl]-2-(trans-
4- pentyl cycl ohexyl ) - et hane, 10 4% of 1- [trans-4-

(trans-4-propyl cycl ohexyl) -cyclo- hexyl] ~ -3 (p- propyl phenyl) -ethane, 4%
Co-pont 1 prany A8 s s ecnne,

4- et hyl - (trans4&rniunﬂcD%t%héx}PXthuﬁﬁﬂﬂprdﬁylcyﬁ%qﬁexyl) -cyclo-

4-ethyl -4' - (trans-4-penty w ?W /

4,4 -bi s- (trans 4dfrﬁéilcy exyl obi - phe%&?n34@6of 4,4 -Dbis-
(trans- 4- pentyl cy Vit sxﬁmao#osFrqaﬁaﬁdpr%nnlgwcloknsmi) cyclo-
4- (trans-4- pqntylcyclohe Hexy1q ~2-t ) -ethane,

cycl ohexyl) - 2- quorob ny ExanR ? ; ematic | r epar ed
whi ch consists of 2 §¢P ﬁ 53083, (rane-&rATIRY FKE#A%ﬁ*Y }aeysdo- 13%
of trans,trans-4- pentylhﬁxyM]uahd@ephpbyaphbny&xyhthaueLohexane 15% of

hy! |z %of . -
T??faﬁ,;azsp‘e‘nf;f’cycléfhexyl“ﬁ*f L TE R X)bf°‘g%ﬂ"9g?&%‘y%ﬁ/°g’ﬁ°o'f

1- [trans-4- (trans-4- pemexy cBoKPx?BPtyﬂybbuyl)-ethane,
hexyl ] - 4-prapyl cy@lgolx- k- 14%'0f(trlnsLT4L§95p§1cyc1 biphenyl,
(trans- 4- propylcyclohexyl) - cIo- -2-(p-et %f et fiane, * 35
4% of 1- [trans-2% &héﬂdﬁyréﬁEFﬁﬁeﬁyP?nt¥§EY 'btPthYln
(p- propyl phenyl) 4%tb&neA 4’-big- (trans- 4-propylcyclohexyl) 2 fluorobi-
phenyl, '
4% of 4,4’-bis-(trans-4-pentylcyclohexyl)-2-£fluorobi-
15 phenyl, and

6% of 4-(trans-4-pentylcyclohexyl)-4’-(trans-4-propyl-~
cyclohexyl) -2-fluorobiphenyl.
Example 20 .
A nematic mixture is prepared which consists of:
20 17% of p-trans-4-propylcyclohexylbenzonitrile,
13% of trans,trans-4-pentyl-4’-methoxy-cyclohexylcyclo-
hexane,
13% of trans,trans-4-propyl-4’-propoxy-cyclohexylcyclo-
. hexane, :
25 11% of trans-l-p-propylphenyl-4-pentylcyclohexane,
4% of 1-[trans-4-(trans-4-propylcyclohe£y1)-cyclo-
hexyl] -2- (p-methylphenyl) -ethane, |
4% of 1-({trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl] -2- {p-ethylphenyl) -ethane,
30 4% of l-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
_ hexyl] -2- (p-propylphenyl) -ethane,
4% of 1-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
- hexyl] -2- (p-pentylphenyl) -ethane,
8% of 4-ethyl-4’-(trans-4-propylcyclohexyl)-biphenyl,
35 8% of 4-ethyl-4’-(trans-4-pentylcyclchexyl)-biphenyl,
4% of 4,4’-bis-{trans-4-propylcyclohexyl) -2-£fluorcbi-
phenyl, :
4% of 4,4’-bis-(trans-4-pentylcyclohexyl)-2-fluorobi-
phenyl, and ' '



4% of 1-[trans-4- (trans-4-propyl cycl ohexyl) -cyclo-
hexyl ] - 2- (p- pentyl phenyl ) - et hane, 9% of
4-et hyl -4' - (trans- 4- propyl cycl ohexyl) - bi phenyl , - 28 - 8% of 4-ethyl-4
- ftrans-4-pentyl cycl ohexyl) -biphenyl, 4%9% -4,4 -bis-
(trans-4-propyl cycl ohexyl) -2-fluorobi- phenyl, 4%of 4,4' -bis- .
(trans-4-pentyl cyekobgxy k) (t2ahbudipbntyeyclohexyl) dvetrany it fbdply1 4-
(trans-4-penty|cyclohexylkc-éiefg agg-iﬁﬁrogxé-
cycl ohexyl ) - 2- f | Uor obi ph&¥F %Br FEuRTRRARRERY Yt xt ure i s prepared
whi ch consi sts oExample 28% of p-trans-4-propyl cycl ohexyl benzonitrile, 13%
of trans,trans-4-pentyl 44'; VAN h n 0 :
transtrans-4-propyl -4'-f Puo?%gﬁgﬁ%% exi’l - cyc%%gﬁgﬁea%S%rg%%%eg
trans, trans- &- pew Fh4°°PEiPFEoPSéthyI)-cyclo- hexyl cycl ohexane, 4% of 1-
(1 t_;,E-an?E 4- pr ogyl C!?%?B%%’bﬁtrﬁ?s“;pﬁa 1gyaren§%ywényéa:@£m,e, 4% of
-[ p- (trans-4-pe cycl ohex - n - 2-(p-
propylphenyl)-etﬂé*e?¥4%?6§rxfg'gfsﬂﬁ¥-ﬂyﬁiﬁ?§¥¥yaffﬁﬁﬁﬁﬁﬁiL3F [trans- 4-
(p- propyl phenyl 228yofohtxahs-2theaperopiiphényl-4{pentyslcirclohexane,
(trans- 4-propyl cygkohexyh) r -0 | % %- - QQ@*{ henyly) €9 32
9% of 4-ethyl -4 %%rggsi pgrtogéy sgfclrﬁﬁééé il' YéI&p en ,)08/0 g? e‘%}ﬂ}ﬁ’f 2’3
4- et hyl - 4' -10r ans- 4- pent gL EJupnabiphenybr pheyd) cethgnd, 4, 4' -bis-
(trans-4-propyl Cygg08exyi) [t#ahsld PPtrans-4-propylecyclohexyl) -cyclo-
hexyl] -2- (p-ethylphenyl) -ethane,
4% of l-[trans-4-(trans-4-propylcyclohexyl) -cyclo-
hexyl] -2- (p-propylphenyl) -ethane,
15 4% of 1l1l-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl] -2- (p-pentylphenyl) -ethane, .
9% of 4-ethyl-4’-(trans-4-propylcyclochexyl)-biphenyl,
9% of 4-ethyl-4’-(trans-4-pentylcyclchexyl)-biphenyl,
4% of 4,4’-bis-(trans-4-propylcyclohexyl)-2-fluorobi-

20 phenyl,
4% of 4,4’-bis-{trans-4-pentylcyclohexyl)-2-fluorcbi-
phenyl, and o

6% of 4-(trans-4-pentylcyclohexyl)-4’-(trans-4-propyl-
cyclohexyl) -2-fluorobiphenyl.
25 Example 22
A nematic mixture is prepared which consists of:
15% of p-trans-4-propylcyclohexylbenzonitrile,
11% of p-trans-4-butylcyclohexylbenzonitrile, N
11% of trans,trans-4-pentyl-4’-fluoromethyl-cyclohexyl-
30 cyclohexane,
11% of trans,trans-4-propyl-4’-fluoromethyl-cyclohexyl-
cyclohexane, -
4% of 1l1l-[trans-4-(trans-4-propylcyclohexyl) -cyclo-
hexyl] -2- (p-methylphenyl) -ethane, _
35 4% of 1l-{[{trans-4-(trans-4-propylecyclohexyl)-cyclo
" hexyl] -2- (p-ethylphenyl) -ethane, '
4% of 1-[trans-4-(trans-4-propylcyclochexyl)-cyclo-~
- hexyl] -2~ (p-propylphenyl) -ethane, )
4% of 1-[trans-4-(trans-4-propylcyclohexyl)-cyclo-



phenyl, 4% of 4,4 -bis- (trans-4-pentylcyclohexyl) -2-fluorobi- 30

phenyl, and 6% of 4-(trans-4-pentyl cycl ohexyl)-4"'-(trans-4-propyl-
cyclohexyl) 2-fl uorobi phenyl. Exanple 19 A nematic m xture is prepared
whi'ch consists of: 35 17@6of p-trans-4-prepyl cycl ohexyl benzonitrile, 13%
of* trans, trans-4-pentyl- -ethoxy cyclohexylcyclo- hexane, 13% of

trans, trans-4-propyl - 4'-fh ppezh K ane, - 29 - 9%

of trans-1-p-pro ph # gfe 496of trans- 4-
‘(trans-4-propyl cyc¥ h%g 9'%‘1‘# éﬂ% Wﬂ)‘ﬁéﬁﬁ') et hane, 4% of
1- [trans-4- (tranc%4epro&yﬁ€9t¢utuphhﬁyl<5H§¢ntiipyrzdine,

hexyl ] - 2- ( p- et hyl gé€g} Yo -

(trans-4-propyl cyc ohex I -C 41 h xy é%ﬁo%yc%eny i’ﬁ’@nﬂ% of

. 1- [trans-4- itraﬁ%%4°§r eyl ohex gtgan onaxy@p ~bdphenyilcnyl )
- €khane, 10 9% ¢ deetdyrs dbibl(ppans- ats&xsbﬂgyehsﬁxﬁlPLEhEﬂxlaroﬂ%) of
4-ethyl-4'-(trans-4- pentylc cl ohexyl) - bi phenyl

(trans-4- propylcyclohexy13 ¥4 uor obi - phenyl , 4% of
4, 4' -bis-(trans-4-geneg| cgp;omxgl-Xti‘aﬁbuqr-pbhtylayclohexyl) -RheMibropad 6%
of 4- (trans-4-pentyl cycl he%ﬁL& ~(trans-4-propyl -
cyclohexyl)-z-fluorobiph a e 20

10 6% of 4-(trans-4-pentylcyclchexyl)- 4'-(trans -4-propyl-

cyclohexyl) -2-£fluorobiphenyl.
Example 23
A nematic mixture consisting of:
'14% of p-trans-4-propylcyclchexylbenzonitrile,
15 10% of p-trans- 4-pentylcyelohexy1 -fluorocbenzene,
10% of p-trans-4-heptylcyclochexyl- -fluorcbenzene,
20% of p-trans-4-pentylcyclohexyl- dzflucromethoxy-
benzene,
6% of 1-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
20 hexyl] -2~ (p-£fluorophenyl) -ethane,
6% of 1l-[trans-4-(trans-4-pentylcyclohexyl) cyclo-
hexyl] -2- (p-£luorophenyl) -ethane,
5% of 1l-[trans-4-(trans-4-propylecyclohexyl)-cyclo-
hexyl] -2~ (p-propylphenyl) -ethane,
25 5% of 4,4’'-bis-(trans-4-propylcyclohexyl) -biphenyl,
4% of 4,4’-bis-(trans-4-pentylcyclohexyl) -biphenyl,
5% of 4,4’-bis-(trans-4-pentylcyclohexyl)-2-fluorobi-
phenyl,
5% of 4, 4'-bis-(trans 4-propy1cyclohexy1) ~2-fluorocbi-
30 phenyl,
5% of 4-(trans~4-pentylcyclohexyl)-4’-(trans-4-propyl-
. cyclohexyl) -biphenyl, and
5% of 4-(trans-4-pentylcyclohexyl)-4’-(trans-4-propyl-
| cyclohexyl) -2-£fluorobiphenyl
35 has a clear point of 93°, a viscosity of 17 mPa.s, a An
of 0.105 and a high resistivity.
Example 24
A nematic mixture consisting of
10% of p-trans-4-pentylcyclohexyl-£fluorcbenzene,



A nenﬁtic m xture i s prepared which consi sts of: 20 17% of
p-trans-4-propyl cycl ohexyl benzonitrile, 13% of
trggs,trans-4-pentyl-4'-nethoxy-cyclohexylcyclo- hexane, 13% of
trans, trans-4-propyl -4' - propoxy-cycl ohexyl cygho- hexane, 25 11% of
trans- 1- p- propyl phenyl - 4- pent yl cycl ohexane, %/6of 1- [trans-4-
SR e b ol e i s
hexyl ] - 2- (p- et hy| pREnPE) - Prkafes-4oheptyleyrlohexyl r finoncbenzene,
(1 t { fmS- 4- gr OF%/I cyebghexy I- ial--[w@les-@emanalfaas(-gmwpwéfé@anlekﬂﬁﬁéfcﬂ% of
-[trans-4- rans- 4- propylc ohe -cycl o-
hexylI-2-(p-penty|phenyl)¥§f*§hépriééﬁ?r°¥etg°xybenz’n°'
j-g;ﬂy:-j‘-E:Banslg%poﬁfyie§¢tmﬁaqé3(b?phsnﬁkpﬁﬁ?ylcfﬁﬂohexyl)-?yclo-‘4
-ethyl -4'-(trans-4-penty hgXx 5 _ '_-@ls- trans-
(U7 ane- 4. pent vl cyspuhes Fimﬁ%{fﬁi&?ﬁ?ﬁ%ﬁl rr-ayelo-
rans- 4- pentyl cy yl 3= ngkp e -cdyclo-
(trans-4-pentyl cycl ohexyl hexg1] =2¢ (52651 #106L5MéEhoxyph - -
cycl ohexyl ) -2-f1 uor obi hen?slt.g' Examk)?e 21 A nemat i cml:"‘i’pquein -lc)r yes% em' xture
is prepared 5 whRPH eBnstzdéraps-fvftyans-4-pentylcyclohexyl) -cyclo-
p-trans-4-prapyl cycl ohexyhbfprprat (p+erifbioémethoxyphenyl) -ethane, and

P rans & DUty Y ebgnehy | SEREPPLLE L0k Uy srana-4-pentyieyciohexsi) -
1- (trans- 4- propyl cycl ohexbipheyl (4- et hyl - 2, 3-
~has a clear point of 80°, a An of 0.079, a threshold
voltage V(o200 ©f 2.27 volt and a very low viscosity.
15 Example 25
A nematic mixture comnsisting of .
25% of p-trans-4-propylcyclohexyl-trifluoromethoxy-

benzene,
20% of 4-trifluoromethoxy-4’-(trans-4-pentylcyclohexyl) -
20 biphenyl,
15% of p-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl] -trifluoromethoxybenzene,
20% of 1l-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl] -2~ (p-trifluoromethoxyphenyl) ~ethane, and
25 20% of 1-[trans-4-(trans-4-pentylcyclohexyl-cyclohexyl]-
2-{p~trifluoromethoxyphenyl) -ethane - :
has a clear point of 54°, a An of 0.088, a threshold
voltage V.20 ©f 2.18 volt and a very low viscosity.
Example 26
30 A nematic mixture consisting of
10% of p-trans-4-pentylcyclohexyl-fluorcbenzene,
10% of p-trans-4-hexylcyclohexyl-fluorobenzene,
12% of p-trans-4-hexylcyclohexyl-difluoromethoxybenzene,
10% of 1-([trans-4-(trans-4-propylcyclohexyl)-cyclo-
35 hexyl] -2- (p-£fluorophenyl) -ethane,
11% of 1l1l-{trans-4-(trans-4-pentylcyclohexyl)-cyclo-
hexyl] -2- (p-£luorophenyl) -ethane, '
11% of 1-[trans-4-(trans¥4-propylcyclohexyl)-cyclo-
hexyl] -2- (p-trifluoromethoxyphenyl) ~ethane,



10 di f 1 uorobi phenyl -4' -yl )-ethane, 4%of 1- [trans-4-

(trans 4- propyl cycl ohexyl) -cyclo- hexyl]-2-(p-ethyl phenyl)-ethane, 4% of
h [f{ans(4 (trans-4-propyl cycl ohexyl) -cycl o-

exy 2- (p- propyl phenyl ) - et hane, 15 4% 93 1- [trans-4-

(trans- 4-prppy|cyc|ohexy|) -cycl o- hexyl]-2-(p- pentylphenyl) et hane, 9% of
4-ethyl -4' - (trangi4- BEOPYLQecladl g | tPanbedybedty clohexyl) -cyclo-
4-et hyl -4 -(trans-4-pent¥lg¥§5 pe3¥ E nghenxm 4% of |s-
(trans-4-propyl cycl ohexyPf f obF orcmétho ?ﬁﬁ#@h e 4, 4
Abkf- (trzns 4tp$m%yrtﬁcleﬂex#@?;4?(tnansb&—nﬁupmﬂgyabdh@&mﬁ) cyclo-

rans pentyl cycl ohe a

cycl ohexyl)-2-fl uorobip ﬁék*lf E Rﬁ E§1é}8&§§“§?¥%&&Peﬁyﬁ%3&?#(3| 's prepared

whi ch consi sBs olO*lQﬁ)oP ﬁtF#Ens4ﬂ(¥ﬁaﬂgﬁQnRﬂQFﬁ%QMQ%ahﬁﬁﬂﬂﬂPFFéflyeﬁpuf

p-trans-4- butyIcyclohexyhgeﬂaggbgﬁhgge aado of trans, trans-4-pentyl-
-fﬁuoronethyl cycl ohexyl cl ohexane, .11%

f
trans, trans- 4- pr of¥| oF ﬁfﬂuopﬁﬁeﬂﬁﬁFnEygrBﬁﬁﬁ cyeinh iRipbepvk |
' [trans 4- (tranShiapaomaJa;clpﬂmw Of -87%) ca An of 0.0798; a dielectric

hexyl ] - 2- (p- 0
('?)r(gn]s-ézl- E)Iroogilt Qé‘ls? g% i’ eégapfo-' he%hf]z.}éﬁgé'd %@%ﬁenyl Y&/#fhne of 2A‘I&osof
1- [trans-410(traolt4apdopyVByrlbhvxyi?cOG#tYo-

- hexyl ] -2-(p- propy kﬁgﬁ ?7ethane 4% of 1- [trans-4-
(trans-4-propyl cyc exy -cycl o- 31 -
nematic mixture cona;sting of

10% of p-trans- 4-propy1cyclohexy1-trlfluoromethoxy-
benzene,
15 10% of p-trans- 4-propylcyclohexyl-difluoromethoxy-
benzene,
10% of 1-[trans-4-(trans- 4 pentylcylcohexyl) - cyclo-
hexyl] -2- (p-trifluoromethylphenyl) -ethane [sicl,
10% of 1-[trans-4-(trans-4-propylcylcohexyl)-cyclo-
- 20 hexyl] -2- (p-£fluorophenyl) -ethane [sic],
10% of 1-[trans-4-(trans-4-pentylcylcohexyl)-cyclo-
hexyl] -2- (p-fluorophenyl) -ethane [sic],
10% of 1-[trans-4-(trans-4-propylcylcohexyl)-cyclo-
hexyl] -2- (p-trifluoromethoxyphenyl) -ethane [sic],
25 15% of 1-[trans-4-(trans-4-pentylcylcohexyl) -cyclo-
hexyl] -2- (p-trifluoromethoxyphenyl) -ethane [sic],
. 10% of 1-[trans-4-(trans-4-propy1cy1cohexy1)-eyclo-
hexyl] -2- (p-trifluoromethylphenyl) -ethane [sicl,
10% of pf[trans-&-(trans-4-pentylcylcohexyl)-cyclo-
30 hexyl] -trifluoromethoxybenzene [sic] and
5% of 4-tr1f1uoramethoxy-4'-(trans-4—penty1cyclohexy1)-
biphenyl
has -a clear point of 81°, a An of 0.0795, a threshold
. voltage V(ig/0/20) ‘of 2.47 volt and a very low viscosity.
35 Example 28 .
A nematic mixture consiéting of
10% of p-trans-4-propy1cyclohexyl-trifluorgmethoxy-
benzene, | -
25% of p- trans 4- pentylcyclohexyl dlfluoromethoxy-



2 2- (p- pentyl phenyl ) - et hane, 4% of
C2-
4%

exyl]-
p- fl uor ophenyl - 5- hexyl pyri m di ne, 4% of
- p-fl uorophenyl - 5-pentyl pyridi ne, 7% of
-2t hyl -4' (trans-4-propyl cycl ohexyl) - bi phesyl - 7% of
4- et hyI -(trans-4-pentyl cycl ohexyl) - bi phenyl 4% of 4,4 -bis-

Etrans 21 pr'0|toy: cycl oﬂexylﬁen&nél uor obi - phenyl 4% of 4,4' -bis-
rans-4-pen c 0 6 :
(trans- 4- pent §| cﬁ%ﬁ’?g ?“’H % gﬁga%m %‘@fggglégcl"hﬂ‘yi) 'éY°1°'
cﬁoc/l opexyl )-2-f 1 uorobi phdra;tyllami;ﬁhmmdmbmzmmure consi sting of:
oof p-trans-4 d%f %ﬁé’éx #%ﬁﬂ' Eefli:%xié-'{-epr-ééylc}g%dﬂexyl)-cyclo-

p-trans-4-pentyl ¢yc or obenzene
p-trans-4- hefyl cycl ohex}%e’ﬂr Lo ZotkRrAZiid luspamethoxyphenyl) -ethane,

p-trans-4-pentyl oy Qdexyl- p&ﬂﬂenqnﬂu&@s& 1c9¥1Shesyl) -cyelo-

[ T ans- 4- (trans- 4- propyl gycl qhe g

hexyl ] - 2- (p- f | uor ophenyl %’e@gﬁg ?l é%tt#l%lformeéhglghenyl)-ethane, and
(trans-4-pentyl cyag®wleeyld- txhfluerdmephdxy - Qp-ttmseﬁ#pelytquéwmmxﬂ/e of
1- [trans-4- (trans-4- Pr Q) %ﬁ;lohexyl) -cycl o-

hexyl ] - 2- ( p- pr opyl phenyl) hh 5% of

4, 4" -bi s- (t ridhs- m@wmmw)o%rbhenw Anyop%){0.0878, a A¢ of +6.1,

4,4' -bis-(trans-4; 0 I -
(trans-4- pentyl cycl exyl 3 S 2-11 uorobl‘P""'dh'\é/n?/‘I" 52/5% o‘f&lﬁ azlr'ld)bfs‘fiscouty
(trans-4-propyl c\Rf -BZafq & - phenyl , 5% of

4-(trans-4- pentylwm )-4'-(trans- 4 propyl - cycl ohexyl ) - bi phenyl , and

ey 3 A7) boPenty] of e birkeddd Wbt oo be

15 10% of p-trans-4-penty1cyclohexy1-fluorobenzene,
15% of p-trans-4-hexylcyclchexyl-fluorcbenzene,
15% of p-trans-4-heptylcylcohexyl-£fluorobenzene [sic],
20% of p-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl] -trifluoromethoxybenzene, :
20 20% of 1-[trans-4-(trans-4-propylcyclohexyl)-cyclo-
hexyl] -2- (p-trifluoromethoxyphenyl) -ethane, and
20% of 1-[trans-4-(trans-4-pentylcyclchexyl)-cyclo-
hexyl] -2~ (p-trifluoromethoxyphenyl) -ethane,
has a clear point of 65°, a viscosity of 11 mPa.s at 20°,
25 a An of 0.074, a A¢ of +5.6 and a threshold voltage
Vio/0s20y ©f 2.06 volt. _ o
The composition of the mixtures of Examples 30 to
58 is given below, the individual compounds being coded
as follows:

30 - PCH-301: . trans-l-p-methoxyphenyl-4-propylcyclo-
hexane .
CCH-301: trans,trans-4-methoxy-4"*-
- ' propylcyclohexylcyclohexane
. CBC-33F: 4,4’ -bis-{(trans- 4-propy1cyclohexyl) -2-
35 ' fluorobiphenyl
CBC-55F: 4,4’-bis- (trans-4-pentylcyclohexyl) -2~
fluorobiphenyl
CBC-53F: " 4-(trans-4-pentylcyclohexyl) -4’ - (trans-4-

propylcyclcohexyl) -2-£luorobiphenyl [sicl



-«

35 has a clear point of 93[err], a viscosity of 17 nPa.s, a An of 0.105
and a high resistivity. Exanple 24 A nematic m xture consisting of 10% of
p trans- 4- pentyl cycl ohexyl - fl uor obenzene, - 32 - 10% of

p-trans-4-hexyl cycl ohexyl -fl uorobenzene, 10§ af

p-trans-4-heptyl cycl ohexyl - fl uorobenzene, 20% of p- [trans-4-
(trans-4-propyl cyseogsxyl) -cycdp4dhadsl (tiaksior oppbpaadealokexpl) -10%
of 1-[trans-4-(trans-4-propyl Iohe | )-cycl o-
hexyl ]-2-(p-trifluoronethyl phe%‘f ;’% 10% of 1- [trans-4-

(trans-4-propyl cgBtoS®xyl) -cycép4’-bis- (trans -4-pentylcyclohexyl) -
hexyl]-2-(p-trifluoronet hoxyph ane, 20%of 1- [trans-4-
(trans-4-pentyl cycl ohexyl) -cy ?P#ﬂi@f

hexyl]-2-(p-8ri fCBO*BIet hoxypheﬁ‘ywr&;{%@m&ﬁ-cmﬂ@bﬁwl) -4’ -(trans-4-

4d}r|fl uor onet hoxy-4' - (trans 7% V8 . Vibiphedyahenyl has a cl ear
pdint of 80 [err err]n of %athrsold oltage_V| e
é V$ nﬁFPgYH'AWi#%‘ i? Sting

volt and a very c05|ty is

of 25% of p-trans- 4 pr opyl cyclweﬁlerthhdmeA) of

4tr|fluororrethox (trans ent Io e¥ . enyl,
15% of p- [t r ans® ﬂ'?ans- 4- pr%ﬁngy §<y y*: (1:1>)9aom2e0thy1 -4 pex?é?fl]
hexyl]-trifimor orret hoxybenzene cmhéxyhcyqlqm

(trans-4-propylc, s,trans-4-fluoromethyl-4’ -propyl-
hexyl ] - 2- (p trif uororret hoxypheny et hane and 25 O/Yf propy

1-[trans-4-(trans-4-pentyl cycl oP¥ Grfbghexane
PTP-102: -methyl -4’ -ethoxy-tolan
PTP-201: 4-methoxy-4’-ethyl-tolan
15 CPTP-301: 4- (trans-4-propylcyclohexyl) -4’ -methoxy-
tolan
CPTP-302: 4- (trans-4-propylcyclohexyl) -4’ -ethoxy—
_ tolan
. CPTP-303: 4- (trans-4-propy1cyclohexy1) -4’ -propoxy-
20 | tolan
PCH-5F: trans-l-p-fluorophenyl-4-
pentylcyclohexane
PCH-6F: trans-1-p-fluorophenyl-4-hexylcyclohexane
PCH-7F: trans_-l-p-fluor.ophenyl-4-
25 heptylcyclohexane '
EPCH-20CF,: 1- (trans-4-ethylcyclohexyl)=-2-(p-tri-
fluoromethoxyphenyl) -ethane -
EPCH-30CF,: 1- (trans-4-propylcyclohexyl) -2~ (p-tri-
_ fluoromethoxyphenyl) -ethane
30 EPCH-50CF,;: 1- (trans-4-pentylcyclochexyl) -2- (p-tri-
fluoromethoxyphenyl) -ethane '
EPCH-"70CF,: 1-(trans-4-heptylcyclohexyl) -2- (p -tri-
: ' fluoromethoxyphenyl) -ethane
. PCH-30CF,: trans-1-p-trifluoromethoxyphenyl-4-propyl-
35 cyclohexane -
PCE-50CF,: trans-l-p- trifluoromethoxyphenyl-4-
. pentylcyclohexane
ECCP-30CF,: l-[trans-4-(trans- 4-propy1cyclohexyl) -

cyclohexyl]} -2~ (p-trifluorcmethoxyphenyl) -



<

2-(p-trifluoronethoxyphenyl)-ethane has a clear point of 54[err], a An of
- 0.088, a threshold Voltage V[err] of 2.18 volt and a very |ow viscosity.
Exanple 26 30 A nematic m xture consisting of 10% of
p-trans-4-pentyl cycl ohexyl - fl uorobenzene, _1Qg of
p-trans-4-hexyl cycl ohexyl -fl uorobenzene, 12% of

p-trans- 4- hexyl cycl ohexyl - di f | ugpagiehoxybenzene, 10% of 1- [trans-4-
(trans-4-propyl cycl ohexyl) -cyclo-_ 35 .

hexyl ] -2- (p-fi uoﬁ?&?e' 28t hand,~ (5¥aRe-41({trangr4-pentylcyclohexyl) -
(trans-4-pentyl cycl ohexyl) -cyclegelbBudyl} 224 ppdtrDENi¥iEhE theiybthy 1)L of
1- [trans-4- (trans-4-propylcycl ghexyl) -cyclo- _ '
hexyl]-2-(p-trif|uoronethoxypheﬁ@gfgﬁﬁhane, -33- 11%of 1- [trans-4-
(trans-4- pensyl cpcPel20CF,3 -cycpo-[trans-4-(trans-4-ethylcyclohexyl) -
hexyl]-2-(p-trifluoronet hoxyphe < LQ@& - 5 ~da

(t'r ans- 4- propyl cycl ohexyl ) -cyclg%]-c)'mﬁ ¥ t}i%ﬁﬁgrc&etﬂ$£§ﬂﬁhéene

hexyl ]-2-(p-trif m@réﬁéw phenPi-) LExanpet -{ trangodspropyleyclohexyl) -
p-[trans-4-(trans-4-propyl cycl okgelbheikiid] L el e1usbbheihbeyEenfendd 4% of
4,4' -bis-(trans-4-pentyl cycl ohexyl -big eqyl has a glgarg&?rﬂ of 87, .a
[err]n of 0.0798CCR-#0SFettric Bri SEX2BBy4or(tRRrns -4-PRE¥ISY G BPEYS of
Vierr] of 2135 10 volt and a vegpelohexyl}strifiuofomaethexybenzement i C

m Xxture consi sti 0f o 10% of p-Lrans:4-pr cyclohexyl -g rd XY -
benzene, 15 10% '%—o?:%ahs%-p&’og(}isﬁ%sgoﬁgi(%?;&sf pug’\r/éé‘ﬁ%%ﬁ-%ggﬁygﬁél

cyclohexyl] -trifluoromethoxybenzene

BCH-30CF,: 4-trifluoromethoxy-4‘- (trans-4-propyl-
' cyclohexyl) -biphenyl
15 ECCP-3F.F: 1-[trans-4-(trans-4-propylcyclohexyl) -
cyclohexyl] -2-(3,4-difluorophenyl) -ethane
ECCP-5F.F: " l-[trans-4-(trans-4-pentylcyclohexyl) -
cyclohexyl] -2- (3,4-difluorcphenyl) ~ethane
CCP-3F.F: 4-[trans-4-(trans-4-propylcyclohexyl) -
20 " eyclohexyl)] -1, 2-diflucrobenzene
CCP-5F.F: . 4-[trans-4-(trans-4-pentylcyclohexyl) -
cyclohexyl] -1,2-difluorocbenzene
CCP-3F: 4-[trans-4-(trans-4-propylcyclohexyl) -
cyclohexyl) -fluorobenzene
25 ECCP-3F: 1-[trans-4-(trans-4-propylcyclohexyl) -
cyclohexyl] -2- (p-fluorophenyl) ~ethane .
ECCP-5F: 1-[trans-4-(trans-4-pentylcyclohexyl) -
cyclohexyl] -2- (p-fluorophenyl) -ethane
CP-3F: p-fluorophenyl trans-4-(trans-4-propyl-
30 cyclohexyl) -cyclohexanecarboxylate
CP-5F: p-fluorophenyl trans-4-(trans-4-propyl-
cyclchexyl) - cyclohexaneca'rboxylate
PYP-5F: 2-p-fluorophenyl-5-pentylpyrimidine
. PYP-6F: 2-p-fluorophenyl-5-hexylpyrimidine
35 PYP-7F: 2-p-£fluorophenyl-5-heptylpyrimidine
PYP-30CF,: 2-p-trifluoromethoxyphenyl-5-
' propylpyrimidine
PYP-50CF,: 2-p-trifluoromethoxyphenyl-5-

pentylpyrimidine



10% of 1-[trans-4-(trans-4-pentyl cyl cohexyl)-cyclo-
hexyl]-2-(p-trifluoronethyl phenyl)-ethane [sic], 10% of
1-[trans-4-(trans-4-propyl cyl cohexyl)-cyclo- 20
hexyl ]-2-(p-fluorophenyl)-ethane [sic], 1Q%gef _ 1- [trans-4-
(trans-4-pentyl cyl cohexyl) -cyclo- hexyl]-2-(p-fluorophenyl)-ethane [sic],
10% of  1- [transp¥p-K0emis- 4- PrPPY CH L OFEK U0 r oGV & 0 -5-
hexyl]-2-(p-trifluor onetlﬁoxypher%l_f- e]'f hane [ si CT,O 25 5’5?5/3’&’“’1‘.‘1’[% r asns- 4-
(trans-4-pentyl cyl cohexyl) -cycl#EPtylpyrimidine
hexyl ] -2- (p-trif ipgE-@®t hoxyphepdSraifanedopyllycloleti] -benkohittide
(trans-4-propyl C)Qﬁ_l’lﬁz)éw ) -cycl O¢ .
hexyl ]-2- (p-tri f I8t obet hyl phenyl YR e Rubvdryelghesy lsbepgprnisrile
(trans-4-pent5/| c\BAHExyl ) - cyclpo-tz3ns-4-pentyleyclohexyl-benzonitrile
hexyl ]-trifl uor ongidpugibenzene [gsi 8¢ -2% ;141 Ay
(trans-4-pentyl cycl ohexyl) - bi phe%zlc has-a ¢ reaz?fs p%i%%%?iﬁfgﬁ%’e’x%l)
[err]In of- 0.0795, a threshold v&¥iRReRydd 2-Jp-gyanopberydhdesbaney | ow
Vi scosi tz/. 35 IEWI .ﬁcﬁﬁlgA n_e][r:al.l ptfranﬁuqe (Wss‘t‘!"lﬂ‘é‘s’%/?ig%@:hexyl)‘-
p-trans-4-propyl cycl ohexyl -trifl uor.onet Y-, henze Xe
p-trans-4-pentyl cycl ohexyl - di f | fgp&%ﬁij_d-tip_— §g%?“8§ﬁ?€ﬁé‘?m1) D-
[trans-4- (tIGans- 4-propyl cycl ohebthane cycl o-
hexyl]-trifluor oﬁdgpg&enzene, 15¢¢ 14 - 4 .
(trans- 4- propyl cy Sl OhexP - Cycllo- f%@;ns 4 (ttE%sts Lh' pentylcyclohexyl)
hexyl ]-2-(p-trifl uoromet hoxyphe®yiclokenydd -2t4pr srifinoromgthyiphenyl) -
(trans-4-propyl cycl ohexyl) -cyclethane

hexyl]-2-(p-tri f.IP%r_%g}a.g}yl phe.mél 2 _(%t b%nlehoapg ~-4-cyanocphenyl) -5-

i5 pentylpyrimidine
PYP-7N.F: 2-;(3-fluoro-4-cyanopheny1)-5_-
heptylpyrimidine
PCH-30CF,: trans-1-p-difluoromethoxyphenyl-4-propyl-
_ cyclohexane
20 PCH-50CF,: trans-1l-p-difluoromethoxyphenyl-~4-pentyl-~
cyclohexane
PCH-30CF,: trans-l-p-difluoromethoxyphenyl-4-propyl-
cyclohexane '
" PCH-53 trans-l1-p-propylphenyl-4-

25 . pentylcyclohexane



-

20% of  4-trifluoromethoxy-4' -trans-4-pentyl cycl ohexyl- biphenyl 10

a clear point of 71[err], a An of 0.0878, a [err] of +6.1, a threshold
voltage V[err] of 2.09 volt and a viscosity of 12 nPa.s at 20[err]C
Exanpl e 29 A nematic m xture consisting of é 10% of
p-trans-4-pentyl cycl ohexyl -fl uorobenzene, f % of

p-trans-4- hexqu¥g|@gﬁ§ fl uorobenzene, 15% of g le 31
p-trans-4-heptyl Cyl co exyq fl uor obenzene [sic], 20960? p- [trans-4-
(trans-4-propyl cycl ohexyl) -cyclo- hexyl]-trifluoronethoxybenzene, 20
of 1-[trans-4; 4- propylayal ohexyl ) -cycl o-

hexyl ] - 2- (p- tr?é& ngnethoxyphg @ ) et hane, and 2¥%Eﬁ3°qutrans-49°°°

has

20%

(trans- 4- pent yPEHelBhexyl) -cyél.00 PCH-40CF 8.00
hexyl]-2-(p-tr 0 t hoxyphgnyh) - ethane has a %Fﬁnt of
vi;scosity of i.':LHr%g gaaga 20[ er ?] bb a An of O. f%ro er] of +§ %gand a

"t Hr eshol d vol t BREEVFOEFy of 2. 56090It The conpomqgﬁn3Qﬁ the mi xt7c@8 of

Exanpl es 30 tocéﬁ_ggcglven behgwbothe i ndi vi dual Qﬁ?pﬁ”ﬂﬂﬁ bei ng £9

dﬁ
dbylcyclo exane

follows: 30 PCH- trans- 1-p- nethoxyphen

CCH- 301: CFPaﬁQC 3t ran 32-08 . nethoxy - CP-5

propylCZCIohexgtgpcggng?neZCQQ - 88F: 4, 4" - msﬁcg;iﬁﬁF vl é%tggSF

Sj 27"‘5‘& s- pE ?P%&‘Y—ﬁ ggﬁ?w )cycl o%e?;?l )-2- 1 uor obi pI##'%%&ﬁiBFY 6.00,

(trans-4- pent yECgP+BReRY| ) -412.00r ans- 4- ECCP-3F.F 9.00

propylcyclcoheg&&%;g?fluorobipgqaﬁl [ sic] ECCP-3F 6.00
CBC~33F 2.00 CBC~33F 5.00
CBC-~53F 3.00 CBC-53F 4.00
CBC-55F 2.00 CBC=-55F 4.00

Example 32 , Example 33

CCE-301 7.00 PCH-5F 13.0
PCH-5F 12.00 PCH-7F 10.0
PCHB-7F 9.00 CCP-3OCF3 13.0
CCP-30CF3 13.00 CCP—4OCF3 11.0
CCP-SOCF3 12.00 CCP-SOCFaw 12.0
ECCP--3OCF3 11.00 - ECCP-BOCF3 - 11.0
ECCP-SOCF3 8.00 ECCP—SOCF3 8.0
ECCP-3F.F - 12.00 ECCP-3F.F 9.0
ECCP-3F 7.00 ECCP-5F.F 6.0
CBC-33F . 3.00 CBC-33F 3.0
CBC-S3F 3.00 CBC-53F 2.0

CBC-55F _ 3.00 CBC-55F 2.0



P

- 35 - CBC 33: 4, 4" -bi s-(trans-4-propyl cycl ohexyl)- bi phenyl CBC-55:
4,4' -bis-(trans-4-pentyl cycl ohexyl)- biphenyl 5 CBC-53: 4- .
(trans-4-pentyl cycl ohexyl) -4'- (trans-4- propylcycl ohexyl)-bi phenyl

ECCP- 33: 1-[trans-4-(trans-4-propyl cgél ohexyl ) -

cycl ohexyl ]-2-(p- propyl phenyl) - et hane CCH 5TF”

trans, trans-4-fl_uor onget -4' -pentyl- 10

cycl ohexyl cycl o 31F: trans, trans- 4-Ef | uﬁ}gmgtshyl -4' - propyl -
cycl ohexyl cycl ohexane PTP-102: 4- et hyl - 4' - et hoxy-tol an PTP-201:

4- met hoxy- 4' - etPGH~-%B| an 15 XIPI®- 301: 4- ('t pe®s-5F propyl cycadhexyl)

-4' -nmet hoxy- t 11 TP- 302: 4-(trans-4-prop hexyl ) -4'; et hoxy-
t ol an CPTP- SOS:ﬁé%Pz- (t rans-ﬁ:%ropyl cycl ohexyl )Wslfgropoxy- 205_61
tol an PCH5F: PCH=7Ftrans-1-pl®i@orophenyl - 4- penCEPcRfiCFexane AL GF:

e ot eyl asponenane "I ecpeaoer, L aa.0
EPCH- 20CF| er r] :CCP-30€F 5 ans- 4-33h| cycl ohexyl ) - 2- CFPr130CF, 7.0
f1 uoronet hoxypheryldoetrhane EPCH. @O0CF[err]: -1- ccp..socpét ':3;0:_"'.0.
(trans- ¢ propyl gagl ghggd))-2 (prigt- T uororet noxyghedyEia nane 3
f | uor onmet hoxyprecgPy3echane EPOOLOOCF err]: ECCP-3F.F 10.0
- 1-(trans-4-heptyecyogRFyY! ) - 2-4Pp! 1 - ECCP-3F 8.0
' ECCP-3F.F 8.0 CBC-33F 3.0
CBC~33F 3.0 : . CBC=53F 2.0
CBC-53F 3.0 CBC-55F 2.0
CBC-55F 3.0

Example 36 Example 37
PCH~-SF 13.0 _ PCH~SF 13.0
PCH-7F 10.0 PCH-7F 10.0
CCP—ZOCF3 10:0 CCP-ZOCF3 10.0
CCP-30CF3 13.0 CCP-30CF3 13.0
CCP-4OCF3 7.0 CCP-4OCF3 7.0
CCP~50CF3 11.0 CCP-SOCF3/ 11.0
ECCP43OCF3 11.0 ECCP~3F.F 10.0
ECCP~-3F.F - 10.0 ECCP-5SF.F 8.0
ECCP-5F.F 7.0 ECCP-3F 11.0
CBC-33F . 3.0 CBC-33F 3.0
CBC-53F 3.0 CBC-53F 2.0

CBC-55F 2.0 ' CBC-55F 2.0



-

- fl uoronet hoxyphenyl ) - et hane PCH 30CF[err]: '
“tyans-1-p-trifluoronet hoxyphenyl - 4- propyl - 35 cycl ohexane
PCH 50CF[err]: trans-1-p-trifluoronet hoxyphenyl -4- pentyl cycl ohexane
ECCP- 30CF[ err]: 1- [trans-4-(trans-4-propyl cyclohexyl)- cyclohexyl] -2-
(p-trifluoronet hoxyphenyl) - - 36 - etha é ECCP-50CF[ err] : 1-
[trans-4- (t rans g '%ﬂ cl ohexyl) - cycl ohexyl]
(p-trifluoromethoxyp enyI%Cay et hane 5 CCP- 20CF[erF ample 39 [trans-4-
(trans-4-ethyl cycl ohexyl) - cyclohexyl] - trifluoronet hoxybenzene -
CCP-30CF[err]: PCHSF[trans-4-12iQans-4-propyl cycl 868«pF) - cycl ohx3yd] -

trifluoronet hoxymegpzeme CCP-40Fgegr]: p- [trang
(trans-4-butyl cycl ohexyl) - 10 c cltﬁhe)é_yl ] - 9.0
trifl uoronethox ;CCP 503} 9r]: p- [tran?cﬁl‘ 10.0

(g_kans 4- pentyl ep-deewl) - cyrzobexyl] - trifl uorg@Lwaenzene lll’
_ 30CF[err]: | uoro hoxy- 4' (trans-4- |- %ycl ohe Z
- bi phenyl 15 %#ﬁ‘% ma.; trans- 4 (trans- E%% 5 <3yc| ohex¥¥)
cycl ohexyl] -2- QCE-G(BIE uor ophtﬂnyﬂ)) - et hane ECCP- 5CEP~40CF_1- [trans.g-
(trans-4-pentyl - cycd ohexyl ] -2- (3,4-dj E%u rg%ﬁenyl) -elkbhane
CCP- 3F. F: ZCP/ ?rans-m- tr?nsé]4 propyl cycl ohex;k/: -5 é- 8
cycl ohexyl] -1, FLCQR'f:‘rEKfobenzerﬁa-@CP- 57. 4- ECCPadF-.& 9.0

(1rans- 4. pent i qyeuslsaop) - cycbapexyl] -1 2-dif| yargheggne COP- 3| g
4- [trans-4- (trans 4l.propyl cyclohexyl) -

6.0 ECCP-3F 5.0
CBC~33F 3.0 CBC-33F 3.0
'CBC-53F 2.0 CBC-53F 3.0
CBC~55F 3.0
Example 40 Example 41
PCH-5F 12.0 PCB-5F 10.0
PCH-6F 8.0 PCE-6F 5.0
PCH-7F 10.0 PCH-7F 7.0
CCP-20CF 11.0 CCP-20CF 11.0
CCP-30CF, 13.0 CCP-30CF, 13.0
CCP-40CF, . 5.0 ~ CCP-40CF, 6.0
CCP-50CF, 12.0 CCP-50CF 11.0
ECCP-3F.F 11.0 - ECCP-30CF, 7.0
ECCP-5F.F 8.0 | ECCP-50CF, 3.0
CBC-33F 4.0 * ECCP-3F.F 9.0
CBC-53F . 3.0 ECCP-5F.F 4.0
CBC-55F © 3.0 o ECCP-3F ' 7.0
CBC-33F 3.0
CBC-53F 2.0

CBC-5S5F 2.0



i

cycl ohexyl) - fluorobenzene 25 ECCP- 3F: 1- [trans-4-
(trans-4-propyl cycl ohexyl) - cyclohexyl] -2- (p-fluorophenyl)-ethane

ECCP- 5F: 1- [trans-4- (trans-4-pentylcyclohexyl) - cyclohexyl] -2-
(p- fluorophenyl) -ethane CP-3F: P- f‘“éo_r ophenyl trans-4 -
(trans-4-propyl - 30 _ cycl ohexyl ) -cycl ohexanecar boxyl at e
CP- 5F: phenyl trans-4- (trans-4- pr%— ohexyl) -
cycl ohexanecar b%ﬁ%gP?{I% - 5F: 2-p- fluorophenyl 1&5%3

-pentyl pyrim di ne PYP-6F: 2-p- fluorophenyl -5 -hexyl pyrimdine 35
PYP- 7F: P@Hp3 f| uor ophe@B.Q 5-heptyl pyri m diFeHEYP- 30CF[ err20.00 2
-p-trifluoronetggyypgenyl -5 - progyl pyrim dine PYP-p@gEgerr]: 2 g.00
trifluoronethoxyphenyl - - pentyl pyrim di ne -37- _PYP-70CF[err]:
2-p-trifluor orreFﬁBx?ﬁﬁEle -5- IHe® yi pyri ni di ne PCHREH-SF 8.00
p-trans-4-propyeepchokexyl - benagnigril e PCH 4: PCH-6F 8.00

p-trans-4-butyl cycl | -benzonytyile 5 PCH- 5:

p-trans-4-pent yF@eﬁgﬁ

(trans-4-propyl cgpsoefFyl ) - cl@dhexyl ] - 2-(p- cyanopG@RyB¥- et hane 7.00
ECCP-3CF[err]: 1, ns-4- (4 r@ns-4-propyl cycl Lyg- cycl ohexyl
(p-trifluoronet WFBFT@I? B - 10 116 gEE&E%:EP x-y do

- et hane 5CF[ er r]! X
1- [trans-4- (tESCP~3Fp&htyl cyd®Hexyl) - cycl ohexyF¥P=3F- 2.
(p-trifluoronet _gg.xll_-) - ethgpeg PYP-5N. F: 2cp-6P -f 12.00
| uor o= 4- cyanoph e 3% 7.0 ECCP-3 11.00
Example 44 Example 45
PCH~3 20.00 PCH-3 14.00
PCH-5F 9.00 PCH-5F 14.00
" PCH~6F . 9.00 PCH-7F 14.00
PCB-7F 9.00 PCH-53 10.00
ECCP-3F 8.00 ECCP~-3F 6.00
ECCP~S5F 8.00 ECCP~-5F 6.00
CP-3F 12.00 ECCP-BCF3 5.00
CP-5SF 12.00 CBC-33 5.00
ECCP-3 13.00 . CBC=53 5.00
CBC-55 " 5.00
CBC-33F 5.00
CBC-53F 6.00

CBC-55F 5.00

8yl - benzdtritril e ECCP-3: . PCH-TF [trans-4- 7.00



15
-fluoro-4-cyanophenyl) -5 -
trdns- 1- p-di fl uor omet hoxyphenyl - 4- pent yl -
trans- 1- p-di.fl uor omet hoxyphenyl - 4- pr opyl -

trans-1- p- propyl WI&]@S pentylf5¥cl he e - 38 -
Exanpl e 30 Exanpl e 31 PCH 30 p“].e )&%8 00
PCH- 30CF2 9.00 PCH 7F 4.00 PCH 40CF[ err]
8. 00 EPCH 30CF[ e 9. 00 PCH 50CF[err] 9. 00
EPCH- 70CF[ err ] 58"??00 20.00 4y 301 %"‘3 7.00 CCP- 39&rF80
13. 00 PCH-6ECP- 30CF[ eds5]. 00 -13. 00 CCP- HIUBRSF 12.00 9.00
CCP-50CF[err]  peg-3g- 00 ECCP- @g, - 12.00 _
EGOP- 30CF] err]. £ 00 Ecoh. 48 er v ] g. 00 FCH-7F 8.00
ECCP- 50CF3 EECBO3FECCP- 3F. F10.00 12. 00 ECCP~3B-CCP- 3F. F 8.00
9. 00 ECCP-3F eccp-8r00 10.00 ECCP-3F  geep-s5- 00 CBC- 3gF
2.00 CBC- 5.00 CBC-53F SPg.oo 800
CBC- 53F CBCp#3cBc-55F  5-00 2 00 ECCP~3QgRy 55F 11.00
g'cgfsgxanpl ° %2 CBc55301+ 5F 5.0012 ogxarml ° % %ﬁ@guc—f% 12080
10. 0 PCH 7F &ﬁc-sg_ 00 5.00 " " ccp.30cF3 ECCP-3GF g cop. 3bEr0
13. 00 CBC~38EP- 40CF[ er 5. 00 11.0 ECCP-3 10.00
CBC-S3F 5.00
. CBC=55F 5.00
Example 48 Example 49
PCE-3 24.00 PCH-3 24.00
PCH~SF 7.00 CCH-31F 7.00
PCH-7F 6.00 CCH-51F 7.00
CCH-31F 6.00 ECCP-~3F 8.00
ECCP-3F 5.00 ECCP~SF 8.00
ECCP~-5F 5.00 ECCP~30CF, ©11.00
ECCP-30CF, 11.00 ECCP~50CF, 11.00
ECCP~-50CF 11.00 ECCP-3CF, 11.00
ECCP-3CF, 11.00 ECCP-3 13.00
ECCP-3 4.00
CP=-3F 5.00
CP-5F 5.00

pentyl pyri m di ne PYP-7N. F:
hept yl pyri m di ne PCH 30CF[err]:
trans- 1- p-di f | uor omet hoxyphenyl - 4- propyl - cycl ohexane 20
ohexane PCH- 30CF[err]:
ohexane PCH 53

o

2- (3

PCH 50CF[ err]:



”

CCP-50CF[ err] 12. 00

+ ECCP- 30CF[ err] 11. 00
ECCP- 50CF err] 8. 00
12. 00 ECCP- 3F. F
ECCP- 5F. F 6.0 CBC- 33F
3.0 CBC-53F Exampl¥) 50
3.00 CBC- 55F
Exanpl e 35 PCH 5F 11.0
4.0 PYP-5MF 7F

CCP- 20CF[ err]
17.0 CCP- 40CF[err.];H
23.0

YP-l'%IOFCCP 30CF5 66!

CCP-50CF[ err] 12.0
ECCP- 30CF[ err] 11.0
ECCP- 50CF[ err] 8.0 ECCP-3F. F
9. 0 .E@QgP--3F 7. 00
3.00 CBC- 33F
CBC- 53F Examplé. §1CBC- 55F
2.0 -39- Exanple 34
PCH SF 13.0 PCH 6F
5.000.0 PCH 7F PCH-EF. 0 1o 00
93.0 40
CCP-50 erFr] 11. 0 6‘6:

14.00

CCP- 50CF[ err] ECCP- 30CF[ ePCH-7F 11.0 12.00
ECCP- 30CF[ err] PCHESFO 5.00 ECCP-3FF Eccp8Q50 ECCP- 3R £, 00
8.0 _% - 33F 2. 0g3.0 CBC-33F 3,
CBC- 53F CFR-TET. 53F 80 ECCPAE s5F  1£.00. 0
. CBC- 55F CCR-3d&nple 36 7.00 P-SEXarrpI e 37 HEteFr
13.0 13 0 PCH 7F 0.0
PCH- 7F B 2ocrs 590, CB-5FCCh 20Cr] erk§-00
10. 0 CCP- 30CF[ erBGCP-SF 13.0 5.00 CCP- SOEEP@F-B] 13.B.00
CCP- 40CF3 ébéb_3ocp 1.0g CCP- 40CF3 7.0 CCP- SOCF 3 11.0
CCP- 50CF[ err] ECP- SOCIierri 11.0 ECCP- 3F. F
10. 0 ECCP-3F. F ECCPjﬁPQF3 1.0 ECCP- 5F. F 8.0 ECCP-5F. F
7.0 ECCP36¥; 3F  11.0011.0
ECCP-3 4.00 .
CP-3F 5.00
CP-5F 5.00
Example 52 Example 53 .
PCH-5F 10.00 PCH-3 16.00
PCH-6F 10.00 PCH-301 8.00
PCH-7F 10.00 CCP-30CF, '9.00
ECCP-3F 13.00 CCP-50CF 8.00
ECCP-5F 14.00 ECCP-30CF, 8.00
ECCP-3CF, 13.00 ECCP-50CF, 7.00
CP-3F 15.00 ECCP-3F.F" 7.00
CP-5F 15.00 ECCP-3F 6.00
ECCP-3CF, 7.00
BCH-30CF, 7.00
PTP-102 4.00
PTP-201 4.00
CPTP-301 2.00
CPTP-302 2.00
CPTP-303 3.00



L

CBC- 33F

CBC- 33F

3.0 3.0 CBC 53F

3.0 CBC- 53F 2.0 CBC-55F 2.0

CBC- 55F 2.0 - 40 - Exanple 38 Exanpl e

39 PCH- 5F 12.0 PGH4®F - 12.0 PCH 7F

10.0° . . PCH- 6F 9.0 CCP-20CF[err] 11.0

PCH 7F ﬁ:FSABOCF[err] 13.0 Example 55 CCP- 20CF[err]

11. 0 CCP- 40CF3 7.0 CCP- 30CF[err] . 13.0

CCP- 50CF[ err] pcn-é2 0 18.00 CCP- 40CF[ ebicky-3 5.0

ECCP- 30CF[ err] 9.0 CC-50[ err] c:%CP 3F. F 2% 80

ECCP- 3F. F PCH-30ECCP- 5F. F 8-00 5.0 CH-301gCCp- 5F. R0.00

g-g ECCP-3F  pyp-36.0 . 5.00 . OEggg-ggF Pca-sod?(J CBC- 33§, 60

CBC- 53F PYR-$0eg 55 5-00 3 g Exanpl e 4§CH-40CF, 5.60

Exanpl e 41 PCH®¥p-70CF, 12.0 5.00 PCHPEE—SOCF%) 10. 05 PEb- 6F

8.0 {§i> 5.0 PCH 7F

PCH- 7F ccB-30¢%. 5003 2-90 15 o ce-30tE. 2ocr et 1§°

11. 0 CCP- 30CF3 CCP-5QCF 8.00 CCP- 30CF[ 6CPF50CF5  13.0 GEF3@0CF3

5.0 §EE$4OCF[er loo 6.0 CCP- poeB33pcr. 12. 0

OCP-50CF[ err] ECCE- ECCP- 3?2 % 11.0 3 ECCP- S%Cnaigerr]

7.0 ECCP-5F. F ECCP-%ﬂ@F ECCP- 50CF[ &GCF-50CF5 3. 0 CBe- 8

(e MEEEEF s00 00 R0 muang e

20 ECcCpoaE 5.00 Eccp-33§3 ) 5.60
BCH-30CF, 7.00 BCH-30CF 7.00
CPTP-301 3.00 CPTP-301 - 3.50
CPTP-302 3.00 CPTP-302 2.80
CPTP-303 4.00 CPTP-303 3.50
Example 56 Example 57
PCH-3 20.00 PCH-3 18.00
PCH-301 10.00 PCH-5F 12.00
PYP-3F 5.60 PCH-6F 12.00
PYP-5F 5.60 PCH-7F 10.00
PYP-50CF, 5.60 ECCP-3F 7.00
PYP-70CF 4 5.60 ECCP-5F 7.00
CCP-30CF, 7.00 ECCP-33 5.00
CCP~SOCF 6.30 CBC-33 5.00
ECCP-30CF, 6.30 CBC-53 5.00
ECCP-50CF, 5.60 CBC-55 4.00
ECCP-3F.F 5.60 CBC-33F 5.00
ECCP-3CF, 5.60 CBC-S3F 5.00
CPTP-301 3.50 CBC-S5F 5.00
CPTP-302 3.50
CPTP-303 4.20



CBC- 33F 3.0 CBC-53F 2.0 CBC- 55F 2.0 -41- Exanple

42 Exanpl e 43 PCH 3 19.0
PCH 3 20. 00 PCH 7F 7.0 PCH- 4
8.-00 CCP- 20CF[err] 11.0 PCH- 5F 8. 00
CCP- 30CF[ err] 13.0 PCH- 86 - 8.00 CCP-40CF[err]
6.0 PCH 7F 7.00 CCP-50CF[err] 12.0
ECCP- 3F Examplieo38 30Ccr[ err] 7.0 ECCP- 5F
7.00 ECCP-3F. F 10. 0 CP- 3F 12. 00 ECCP-5F. F
8.0 CP- 5F 12. 00 ECCP- 3F 7.0
ECCP- 3 11. 00 gogauy| e 44 10.00 | Exanpl e 45 PCH 3
20. 00 Pg_gi%: 147 00 PCH 5F 9. 00
PCH 5F 14. 00 18- 0 PCH 7F
14,00 PCH 7F PCH-EF 14.00 PCH 53 10. 00 ECCP- 3F
8. 00 - ECCP- 5F 8. 00
ECCP-5F . 6. o%@éﬁ 1601%?9)0- ECCP- 3CF[ err]
5.00 CP-5F ECQF-3F 9.00 CBC- 33 5.00 ECCP-3 -
13. 00 ! 0 CBC- 55 5.00 CBC-33F
5.00 CBC-53F .%Ego%sc- 55F 700 5. 00

CBC-33 5.00

CBC~53 6.00

CBC-55 | 5.00

CBC-33F 5.00

CBC~53F 6.00

CBC-55F 5.00

The properties of the mixtures from Exampl_eq 30
to 58 are listed in the table below:



- 42 - Exanple 46

PCH- 3

9. 00 PCH 7F
10700

ECCP- 5F

11.00 CBC-53
5. 00

ECCP- 3

48

PCH- 3

7.00 PCH 7F

6. 00

ECCP- 5F

11. 00 ECCP- 30CF3
ECCP- 50CF[ err]
ECCP- 3CF[ err]
4.00 CP-3F _
Exanpl e 51 PYPg5
PYP- 7N. F "

3 32 33 34 35 " 36 37

Example

30

Property

24. 00 PCH- 6F .

15. 00
ECCP- 3F
8.00 CBC- 33
5. 00
ECCP- 3CF3
10. 00 CBC- 53F

Exanpl e 49 PCH-3

24. 00 PCH-5F

6. 00
ECCP- 3F
8. 00 ECCP-5F
11. 00 -
11. 00
11. 00
5.00
BFa 3 °
5.00
-]
gw F 343
= g
e o
- 2
=] o
.
e 8
e o
g
2 S
o o B
e @ w o
[ =]
5 ¢ 8
e e 9 o
8w § R :
O o
. &
g %
? 2a
S =8 g 5

. €y

L
2.57 2.52 2.27 2.29 2.20 2.26 'qq

2.40

Vo0, Vol t]

Example

39

41 42 43 44 45 46 &7

40

Property

1

Exampl e 47 PCH
15. 00
PCH 7F
8. 00 46GP- 5F
5.00 -
ECCP- 50CF[ err]

5F

PCH SF

8. 00 ECCP-3F

10. 00

ECCP- 30CF[ err]
11.00 CBC- 55

5. 00

20. 00

5. 00 Exanpl e
00 g n
&LCH 31F S ~
7.00 CCH 31F
5.00

ECCP- 3QCF[ €8 g
8 511.80% &

.
~N

1.00 CBC-33F
5.00 CBC- 55F
24,
7.00 2
CCH- 51F
8.00 ECCP- 3F
5. 00
ECCP- 50CF[ err &k
ECCP- 3CF[ err]
ECCP- 3 1
5.00 & o 43-
5 2 ¢ N AEHSF »
PCH- 6F 12. 09
~ B 8
g2 § o 8B
o a 2 @
g r §Nd S &
me8e
g2 o34 R
2 -
g2 3:35
g =
g = & =&
8 » 33 2R g
2
g 3238
| C
: o B 7
3 o S R R gs
£ % .
P15, ,, 0 3
2y &

11.00
3. 00 ECCP-3
wn
xarrpleéow_g.a
X 18.6D 8 <
nlﬂ
!ﬂ”='—
- s & s s
© ¥ 2 o
["+]
-— e & & °
-3 ?:at\l
> -
3 o % ==
R o
e »n
s & o n
~
5 g
g = S wn
T, 3. B3
g e g 2338
z ., meb8
o
o w 8 3
32 l::o-—
-
B s
- N .
v
oW -
s 2 8
2 2. o
5 34 g
g 0%
3..-%3::5?-;
B >w w >



v

PCH- 3 14. 00 PCH 7F 12. 00 PCH- 5F

5. 00 ECCP- 3F 14. 00 CCH 31F 7.00
ECCP- 5F 14.00 CCH 51F 7.00 CP- 3F
15¢00 ECCP- 3F 5. 00 _5F  15.00 ECCP-5F
5. 00 _ . ECCP-3 8.00 &ch-30CF err] 11. 00
COP SO 1] T, R s ol o iy D
PCH- 5F Ligstgsl below: PCH- 3 16. 00 PCH- 6F
P 0cH err] PR O Rcop s 1300 Eemele 68000
corr Soekerty con-30f 00 ESH 499, Mt %05 oBem-sE 13.0
EGCP- 50CF3 PCH-SP CP—3F 12.00 15.00 PCH-7F ECCP- 3AL¢-.0
fdp. gEF[Sgrr] PCH-TE3' 00 gon 38cPerr] SO S §BraogEs 13-9 00
PTP- 201 CCB-~3B. EPTP—30113 00 2.00 CPTP-3@zP-4OCF3 2. 00 XPTP- 303
fé?go 44 EXé&P'-grg%J-r?, 12.00 Ex@Ed-s0d S OF 3 12.0
: ECCP-30CF,  11.00 ECCP-30CF, 11.0
ECCP-50CF 8.00 ECCP-50CF, 8.0
ECCP-3F.F 12.00 CCP-3F.F 9.0
ECCP-3F 7.00 CCP-SF.F | 6.0
CBC~-33F  3.00 CBC-33F 3.0
CBC-53F 3.00 CBC-53F 2.0
CBC-55F 3.00 . CBC~S5F 2.0
Example 61 Example 62
PCH-5F 11.0 PCH-3 20.0
PCH-6F 2.0 PCH-2 8.0
PCH-T7F 10.0 PCH-5 8.0
CCP-20CF, 9.0 PCH~6F 8.0
CCP-30CF, 13.0 - PCH-7F 7.0
CCP-40CF 7.0  CCP-3F.F ~ 7.0
CCP-50CF, 11.0 CCP-SF.F 7.0
CCP-3F.F 10.0 CP-3F 12.0
CCP-SF.F 8.0 ' CCP-3F 12.0
CCP-3F 8.0 ECCP-3 11.00
CBC-33F 3.0
CBC-53F 3.0

CBC-5S5F 3.0



PCH- 301 8. 00 PCH- 301 10. 00 PYP-3F
5. 00 PCH 30CF[ err] 5.60 PYP-50CF[err] 5. 00
PCH 40CF[ err] 5.60 PYP-70CF[err] 5. 00
PEH- 50CF[ err] 5.60 CCP- 30CF3 Q0 CCP- 30CF3
7.00 CCP-50CF3 8. 00 ~50CF3 6. 30 ECCP- 30CF3
8. 00 : 30CF[ err] 6. 30 ECCRyagler's4 7.00
ECCP- 50CF[ err] Ex‘“Pf%.E% ECCP- 3F. F 5. 00 ECCP- 3F. F
5.60 ECCP- 3F 5. 00 ECCP- 3CF[ err] 5. 60
BCH 30CF[ err] 7.00 BCH 30CF[ err. 7.00 P- 301
3. 00 PCH-3 CPTP-301 14.00. 3 50 CPTP-30%C_‘J'5F 3. 00 2506
CPTP- 302 cu2sB0 CPTP-30384.00 4. 00 PCB-6F CPTP- 3035.00
3.50 Exanple 57 Exanple 56 PCH,3 20. 00 _ PCHe3 An
18.00 PCH 301 BCH=7E 10 00 Y400 PG+ 5F FOR-TF 15 oo phB: P
5760 PCH-53PCH 6F  10.00 12.00 PYP-5F CCP-3F.F5.60 10.00
PCH 7F 0.00 PYP-50CFLepp] 5.60  CCP-5F.F ECCPo3bo
7.00 PYP—7OCF[€F§T3 5. 60 6<bb ECCP- bF 7?55 -
CCP- 30CF[ err] cCP-5F7. 00 6.00 ECCP-33 CBC-33 5 00 ccP--B0@ferr]
6. 30 _2pCBC- 33 00 5.00 ECCP-30@HeExsd 6. 30500
CBC- 53 CCP5?§g§ECCP-5ocE[err] 5. 60 CBC-85 4
4.00 ECCP- 3F. FCBC=33 5. 60 5.00 CBC-33F CBC-55 5 oo .
ECCP-3CF[err] epc-535- 60 5.00 CBC-53F CBC-33F5. 00 CPTP53@D
2: 28 cno-ss B0 55F < g 5.00 CPTP-302:p gap 3.50 CPTE 393
CBC-33F 5.00 CBC-55F 5.00
CBC-53F 6.00
CBC-55F 5.00
Example 65 Example 66
PCH-3 116.00 PCH-3 18.00
PCH-301 8.00 PCH-5F 1 12.06
CCP-30CF, 9.00 PCH-6F 12.00
CCP-50CF, 8.00 PCH-7F 10.00
CCP-3F.F 8.00 CCP-3F.F 7.00
CCP-5F.F 7.00 CCP-5F.F 7.00
ECCP-3F.F 7.00 ECCP-33 5.00
CCP-3F 6.00 CBC-33 5.00
ECCP-3CF, 7.00 CBC-53 5.00
BCH-30CF, 7.00 CBC-55 4.00
PTP-102 4.00 CBC-33F 5.00
PTP-201 4.00 CBC-53F 5.00
CPTP-301 2.00 CBC-55F 5.00
CPTP-302 2.00
CPTP-303 3.00



- 45 - Exanple 58 PCH 3 10. 00 PCH- 5F 18. 00 PCH- 6F

14.00 PCH 7F 10. 00 ECCP- 3F 9. 00 ECCP-5F 7.00 CBC- 33
5. 00 CBC-53 6. 00 CBC-55 5.00 CBC 33F 5. 00
CBC- 53F 6. 00 CBC- 55F 5.00 Jhe properties of the mixtures
from Exanples 30 to 58 are listed in the tdble bel ow -46- [err] -47-
Further m xtures acc rd%gg to the invention are listed bel ow. Exanple 59
Exanpl e 60 CCH e 7. 00 PCH- 5F 13. 0 PCH 5F
12. 00 PCH 7F 10.0 PCH 7F 9.00
CCP- 30CF3 13pByeP- 3F. F 10.09. 00 CCP- 40CF[ err]
11.0 CCP-5F. F ' 2.Q0 CCP-50CF[ err] 12.0
ECCP- 30CF[ err] P‘i‘}.‘ﬁg 18.00 Ecop.30CF[err] 11. 0
: PCH-6F 14.00

o PCH-7F . 10.00

CCP-3F.F 9.00

CCP-5F.F 7.00

CBC-33 -5.00

CBC-53 6.00

CBC-55 5.00

CBC-33F 5.00

CBC-53F 6.00

CBC-55F - 5.00



»

ECCP- 50CF3 8. 00 ECCP- 50CF[ er r ] 8.0 ECCP-3F.F

12.00 CCP- 3F. F 9.0 ECCP-3F 7.00
CCcP- 5F. F 6.0 CBC- 33F 3.00° CBC- 33F
3.0 CBC- 53F 3. 00 CBG; 53F 2.0 CBGC- 55F
3. 00 ' CBC- 55F 2.0 nple 61
Exanpl e 62 PCH 5F 11 PCH- 3 20.0 PCH 6F
4.0 Brpmple 69 8.0 PCH 7F 10.0
PCH- 5 8.0 CCP-20CF[err] 9.0 PCH- 6F
8.0 CCP-30CF[err] 13.0  composition; PCH 7F 7.0
CCP- 40CF[ err ] 7.0 CCP- 3F. F 7.0 CCP-50CF[err]
11.0 CCP- 5F. F 7.0 CCP-3F. F 10.0
CP- 3F 12.0 CCP-5F.F pcE-3 8.0 10.0 CCP-3F %
12.0 CCP- 3F 8.0 . ECCP- 3 11. 00 CBGC- 33F
30 CBC 53F 3.0 cBC-55FE-5F 370 T 48 Pamie 63 »
Exanpl e 64 BCH 3 14. OBCH-6F PCHL&FO 20. % PCH- 5F
14. 00 " PCH6F  peg-7g 15: 00 PCH7F 19,0 14.00 ¢
PCH- 7F 15. 00 PCH 53 10. 00 CCP- 3F. F
10.00 CCP-3F 6. 00 ECCP-3F CCP- 5F. F2 -0 10. 00 CCP¥s5F
6. 00 CBC- 33 ECCP-5F5. 00 CCP- 3F. F7.0 5. 00 %
CBC- 53 5.00 CBC-33 5. 00 CBC- 55
- L ] %
5.00 CBC- 53 5. 00 CBC-33 " g g3p -0 5. 00
10 CBC-53 6.0 %
CBC-55 5.0 L%
CBC-33F 5.0 %
CBC-53F 6.0 %
 CBC-55F 5.0 %
15 S + N <-20 °C
CIe;ring point ' +94 °C
Viscosity y +20°C 16 mm’s?
Dielectric anisotropy A€ 1 kHz, 20°C +4.1
€1 1 kHz, 20°C 7.1
20 . €s 1 kHz, 20°C 3.0
Optical anisotropy An +0.1006
n, . 1.5932

(20°C, 589 nm)
- : n, 1.4926



- 1

CBC- 55

5. 00 CBC- 53F 5.00 CBGC- 33F
2 00 CBC- 55F 5.00 CBC-53F 6. 00 CBC-55F
5.00 Exanple 65 Exanpl e 66 PCH 3 16. 00
PGH- 3 18. 00 PCH 301 8. 00 PCH- 5F
12.00 CCP- 30CF3 9.00 PCHREF ~ 12.00 CCP-50CF3
8. 00 PCH 7F 10. 00 CCP- 3F. F 8. 00
CCP- 3F. F 7, oo%?l’%%.is 7.00 CCP-5F. F
7.00 ECCP-3F. F 7.00 ECCP- 33 5.00 CCP-3F
6. 00 CBGC- 33 ECCP- 3CF3 7.00
CBC- 53 5.00 BCH- 300F3°°mp°‘£t/£.%‘b' CBC- 55
4.00 PTP-102 4. 00 CBC- 33F 5.00 PTP-201
4.00 CBC-53F  peg-3 5.00 CPTP-3011g.¢  2.00 %
CBC- 55F 5.00 CPTP-302 2.00 CPTP-30 3. 00 —49-
Exanpl e 67 PCH 3 10. 0PPFOIEF 18.3’5’IQCH- 6F %14. 00
PCH 7F 5 10.00 CCP-3F.F PCH-6F9.00 CCP-5F.F12.0  7.00 CBC &3
5.00 CBGC 53 6.00 CBC 5%g_qp 5. 00 10.0 &
ECCP-3F 7.0 %
ECCP-5F 7.0 %
ECCP-33 5.0 %
10 CBC-33 5.0 %
CBC-53 5.0 %
CBC-55 4.0 %
CBC-33F 5.0 %
CBC-53F 5.0 %
15 CBC-55F 5.0 %
S > N <-40 °C
Clearing point +95 °C
Viscosity v +20°C 17 mm?s
Dielectric anisotropy Ae 1l kHz, 20°c' +5.2
20 6 1 kHz, 20°C 8.4
€1 1 kRBz, 20°C 3.2
Optical anisotropy An +0.1050
(20°C, 589 nm) ' n, 1.5981
n, 1.4931



CBC- 33F 5.00 CBGC 53F 6. 00 CBC-55F 5. 00 - 50 -

Exanpl e 68 Conposition: PCH 3 10. 0 PCH 5F 18.0 5
PCH 6F - 14. 0 PCH 7F 10. 0 ECCP- 3F 9.0
ECCP- 5F 7.0 CBC- 33 _ §20 10 CBC- 53
6.0 CBC-55 5.0 CBC— 33F 5.0 CBC-53F 6.0
CBC- 55F ’ [err] N
[err] 20 [err] Caff'géil ng poi nt +94
[err] C Viscosity [err] . +20[err] C 16
merr]s[err] Dielectric ani sobgﬁgasig_{éﬁ 1 kHz, 20[err]C +4.1
[err] 1 kHz, 20[err]C [err] 1
kHz, 20[err]C Opt|cal anl sotropy [err]n
+0. 1006 (20[err]C, 589 nm PCH-3 n[eso | 1.5932 %[ err]
1. 4926 Exanpl e 69 . PCH-5F 12.0 %
5 PCH-6F 12.0 %
PCH-T7F 10.0 %
ECCP-3F 7.0 %
ECCP-5F 7.0 %
PCH-53 8.0 %
10 ECCP-33 5.0 %
CBC-33 5.0 %
CBC-53 6.0 %
CBC-55 5.0 %
CBC-33F 5.0 %
15 CBC-53F 6.0 %
CBC-55F 5.0 %
S > N . <~-20 °C
Clearing point +98 °C
Viscosity v +20°C 16 mm’s™?
20 Dielectric anisotropy Ae 1 kHz, 20°C +3.2
| | e, 1 kHz, 20°C 6.0
€L -1 kHz, 20°C ‘2.8
Optical anisotropy An +0.1008
. (20°C, 589 nm) n, 1.5942

25 _ n, 1.4934



Conmposi tion: PCH 3 - 18. 0 PCH 5F 12.0 5
PCH- 6F 12.0 PCH 7F 10. 0 ECCP- 3F 7.0
ECCP- 5F 7.0 ECCP-33 5.0 10 CBC- 33
5.0 CBC-53 5.0 CBCG 55 - 4.0 CBC-33F - 5.0
"CBC- 53F _ 5.0 15 ' Cé?:— 55F 5.0 S N
c-40 C earing pc1'r Tt +S5—-ge-ostty
Y +20[jerrlC Exampled) ol ectri ¢ anjisotr?dpy [err] 1 kHa2
20[err] C +5. @ 28 [°] [err] 1 kgd, 20[err]C <0
8.4 [err] 1 KH2lea2Pheepoift [°C] 3.2 Optifcal ani sotropaoo +101
[err]n +0. 1 50,5%20 errlmg, _1289 nm, . nferr]
1.5981 n[err] Vispogey Imsh,  Ex2F¢ 70 Conpositiof® [PCH 3 16
7.0 PCH 5F 12.0 5 PCH 6F 12.0
PCH 7F 10. 0 ECCP- 3F 7.0
~ 5 An (20°C,589 nm) +0.086 +0.086
n, {(20°C,589 nm) 1.558 1.556
Vi20,0.20) 2.33 2.38
Viso,0,200 2.86 2.92
V(20,0,20) 3.52 3.62
10 Composition (%]: EPCH-30CP3 15.0 | EPCH-30CP3 13.0
PCH-7F 10.0 | EPCH-30CP3 10.0
CCP-20CF3 10.0 | CCp-20CP3 10.0
CCP-30CF3 13.0 | ccp-30CP3 13.0
CCP-40CF3 7.0 | CCP-40CP3 7.0
CCP-50CF3 11.0 | CCP-50CF3 11.0
ECCP-3F.F 10.0 | ECCP-3F.F 10.0
ECCP-5F.F 8.0 | ECCP-5F.F 8.0
ECCP-3F 11.0 | ECCP.3F 11.0
CDC-33F 3.0 | CBC.33F 3.0.
CDC-53F 2.0 | CBC.53F 2.0
CBC-S5F 2.0 | CBC.55F 2.0
In addition to component B and, if used, A and C,
the liquid-crystal mixtures according to the invention
can also contain other additives, such as, for example,
chiral dopes, isotropic additives for modifying various
15 parameters, pleochroic dyes, etc. Components A, B and C
preferably comprise predominantly the compounds mentioned
(i.e. more than 50%, in particular more than 60%
thereof). Preferably, however, components A, B and C
essentially consist of the compounds mentioned (i.e. more
20 than 80%, in particular 100% thereof).



=

ECCP- 5F PCH- 53 8.0 10 ECCP- 33
50 CB @IS.O CBC-53 6.0 CBC-55 5.0
5.0 <o RN WA L s, 80 .
CBC- 55F 5.0 S[err] N - 54 - EP 0394419 Bl
c-20 O earing point . +98 viscosity .
v +20[err] C 16 20 Eatenkc€laims,isotropy [err] 1 kHz,
20[ err} C 3.2 1 hider{0[Fidiid-crystal) didgiay Hdmtiaiking 2.8

tical anisotro ' +0, 8 - (20 '
nQ[D elr ] ! Sl. r5_92)2/ 2‘%’° plane paral[leerlr]gupport p?l.%%es (W?hi% e;?;%ert]:g)er
1.4934 -53 - Exanpids a frame form a cellyl ' 72 S [err] N-
[[err]] - i - searing
poi nt [ :.r.xt?grated. ngrlxog).inear Plements fg:l:blswltscc%isi% )c/j:.ﬁ
[merr]s[err]]  X%eidyal picture elements pn the support plates)gng
[Fr r] ]n : - (('£%ﬁggg:3.d“ﬂiquid-crystal Tﬂzégg@e which is presehng%G
nferr 1, . :
Vierr] 2t é c:elf.I rTLnd has a Pogitive dielectric ?égo%rrgpy}
2.86 - anti Widgh erggistivity, 3.52

L. o
Ehon %803[ eﬁm‘té%#%iﬂ:th“ the HeMI &l pixttiteis paged,
10.0 CCP-20CP®n the ifpilowing components:
a) at least 10% by weight of a liquid-crystalline
component B comprising one or more compounds having
a dielectric anisotropy of more than +1.5,
b) up to 90% by weight of a liquid-crystalline com-
| ponent A comprising one or more compounds having a
dielectric anisotropy of -1.5 to +1.5 of the general-
formula I

R! and R* are each, independently of omne another, n-
alkyl, w-fluorocalkyl or n-alkenyl having up to
9 carbon atoms,’ '
the rings A!, A® and A® .
are each, independently of one another,

in which

1,4-phenylene, 2- or 3-fluoro-1,4-phenyl-
ene, trans-1,4-cyclohexylene or 1,4-
cyclohexenylene,
z' and 2z’ are each, independently of one another,
-CH,CH,~ or a single bond,
and |
m is 0, 1 or 2, and
;:) 0 to 20% by weight of a 1iquid-érystalline component
€ comprising one or more compounds having a dielec-
tric anisotropy of less than -1.5,
and the nematic liquid-crystal mixture has a nematic

phase range of at least 60°C, a maximum viscosity at 20°C



CCPBOCWH“HHH mwm?&gggoms e Olﬁ-égcCJ:P?3F.F 7'010.(:(()?_@%&?%;

10.0 ECCP-5F.F- " ®8.0 ECCP:-5F.F 8.0 ECCP- 3F 11.0 ECCP. 3F
11. 0 CDC- 33F 3.0 CBC. 33F 3.§5 CQDC- 53F 2.0 CBC. 53F
2.0 CBC- 55F 2.0 CBC 55F 2.0 In addition to conponent B and,

| f us;ad, A and Q;ft:ﬂ@ hPS/Ls Chﬁdystﬁ&aﬂidiél?&ﬁtmﬂidlﬁdﬂﬁddﬂli i<\gEeNt i on

can al so contai n, ot her itjves ch,as or..examl e, chira es,

i sotropic additi¥®es for %#Wnﬁ 98?196’6 8 mﬁé‘?"g%t e?gar?ﬁ%%’&ﬁg cidyes,

etc. Corrponent S thaB compdnenteBepabbntiallyi cengisowinabtryleheoneapaunds

mentioned (i. V%e qu in particular nore than 60% t hereof).

Pref erably, hovve onents A, B and C essentially consist of the

conpounds nenti ched (i . é’iM%Y 29¢°°¥'ﬂ%1¥§8@% Claimark. ceharacbenizéedr dof) .
54 - that é&&%&@i Baaealnslﬂmﬂe-contazmtnrg 4nkl ﬂyhéﬂayst al

dT'spI ay containi | an ara support pl ates which together
with a frame for#ﬁg%F‘ceﬂ'u°r"£ ‘ﬁt‘g@?%ﬂ‘ﬁﬂi%n | i near el ements for switching
in- dividual piocture el arisplaynatéerdimpotd glatims Ianccharacterired i in
| i qui d-crystal r S gPIef %EP 4
dielectric aniso lﬁ)ypyg%éﬁﬁnghsr esi st tha'lv]e:nog‘féacstt?P?"z%cajﬁ;er?g %fég
| i qui d-crystal riluerindted gamponndse f ol I owi ng conponent s:
5. Display according to one of Claims 1 to 4,
characterized in that component B contains one or more

compounds selected from the group consisting of compounds
of the formulae IIa to IIf

- - (@B
e () -caycmy () e
- (- (- (D= - I1c
- (- (-emyemy- (D)x 1a
- @D)-cmycmy- ()-cmem,- @)x e
e @Dy (- (B-x e

in which

R is n-alkyl or n-alkenyl of up to 9 carbon
atoms, _

X is cyano, -NCS, F, Cl, -CF,, -CHF,, -OCF,,

_ -OCHF,, -OCF,CF,H or -OC,F;, and

the rings A!, A? and A®
are each, independently of one another, 1,4-
phenylene, 2- or 3-fluoro-1,4-phenylene, 2,3-
difluoro-1,4-phenylene, trans-1,4-cyclohexylene
or 1,4-cyclohexenylene,

the ratio of nitrile-free to nitrile-containing compounds

in component B being >2:1.



one or m
upto 9

oL/ nore corrpounds haVing a dielectric anis
in which Rerr]

general formul
of one anot her,
car bon at ons,
of one anot her,

I

aI [err]

al kyl p3 G8iad
the ri ngs ferr
that ,Gemprage!

\
| east 10% by weight of a i qU| d-crystal line conponent B conpri sing

dielectric anisotropy of nore than +1.5, b)
d-crystalline com ponent A conprising one

gé opy of -1.5 to +1.5 of the
#Q[err] are each, independently
WL

¢ sy ety o1 Lokt

E ceints Pﬁuspapeundsheﬁytheeﬁemulae IIa

LLQ L.

trans-1, 4-cycl oheesyt:ﬁeinowmah@: Loy cdyediex aind %po&barsr bfakBe lFSrml:1a8k6

cach, I ndependert Y B 258 ARG LT o, Oopt *LAghE Doy B

conmponent C corrp-FtDelmg mmmrgﬂrercempglmchmanhew@muhelet cyahé com- _
- ani sotropy of n t | mxture has a
ge o 5&? %éﬁéﬂgﬁferr ?@aécrgm%(d% tta

nénati c phase r VISt S|ty at 20[err]C

of 30 mPa.s and &.nean dPisRpiayi apeprding: £o Jladim & characterizedagn
according to O atpad, cehpbaehe’ B2 Ades) d&@tcw Bafssid#! b¥ the

consists of nitrile-cont rre]lha L0, £oNPo &fch % ig cyalé’spl ay according to

Claim1, char act%‘?ﬂ
8. Display according to at least one of Claims 5 to
7, characterized in that X is F, Cl, CF,, -OCF,, -OCHF, or
-CHF, . ' '
9. Display according to at least one of Claims 1 to

8, characterized in that component A contains one or mere
compounds selected from the group consisting of IIl to

II7: o
| R~ @- -Rz 111
R1- @- @-Rz 112
R- @ ~CH,CH,, - @ -R? 113
'Rl-@—O-RZ 114
DO
Rl-@ @ -R? 116
R1;® cazcaz-. 117

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

.10.
that component A additionally contains one or more

Display according to Claim 9, characterized in

compounds selected from the group consisting of II8 to

IRROZ020%

118



*

that co [ nitrile-containing and nitrile- free,

corrpounqgnmﬂn ﬂﬂmgmy according to Claim1l, characterized in that
|'akl y*consists of nitrile-free, fluorinated conpounds.

gparacterized in that conponent

nor e conpounds sel ect ed fromthe group. consi sting of

conpounds of theforrrulae atoIIf [ [err] [err] [err] [err]
R2 car bon at oppg X
i o [err] -OCHF[ert] ,

conponen

Display according to one of Clains 1 to 4,
B contains one or

which R
I s cyano, - NCS,

is n-gt
FCi

-OCF[err]CF[err]H or

[ therrngs A[err]
@ Qan 1, 4- phenyl eneryzo Or
3-fluoro-1,4- phenylene or ¢ 4 phenylene :

Alerr] are each,

trans-1, 4-cycl ohexyl e 9
to nitrile-containi ncho
Di'spl ay according to C ai¥a-2

compounds of the forr‘ruia‘l_toll

the fornul ae

. in which R® and R? have the meaning given in Claim 1 and
the 1,4-phenylene groups in II8 to II17 can each,
dependentiy of one another, also be mono- or polysubsti-
tuted by fluorine.

. Diépla.y according to Claim 9 or 10, characterized

in that component A additionally contains one or more

compounds selected from the group consisting of II21 to

II25: '

i nd

i11.

act\e
f

(-l

| R]'---@.'. ;32 |

* (DD

fl uorinated

Alerr] and

, 4-/cYNl 0 gnyl gne, the ratio of nitrile-free
% en B bei ng >2: 1. 116- 6.
2 ¥zed in that conponent B contains

'r @l szcyano and corrpounds of

IIl3

I114

1115

ITl6

1117

II18

II19

1120

in-

5.

in



IIatoII NCS, F, d, -CFlerr], -CHF[err], -OCF[err],

- OCHF[ er (!!'“] l r“iiH‘fﬂ'[rr]H or OC[err]F[err] and the anount of cyano
com poun icn- conporent B is 0 to 50% by weight. 7. Di spl ay accordi ng
to Caim6, characterized in that conponentgdd does not contain any

conmpounds of the fornulae Ila to IIf in which X is cyano. 8. Di spl ay

according to at | east on 5to 7, phragke{ized in that X is F,
ca, CF[err], OCF[errli ‘ --RZ D spfay accordi ng
to at | east one of d ai to ed i at conponent A

contains one or nore clo r--w he oup consisting of Il to
117: [err] [err] [errf]-[ ' ; err] have IT25neani ng
given in aim1l. 10. in Cla|m9 characterized in
t hat conponent A additlonally cont ai ns one or nore conpounds selected from

the group consi Siﬁrméh &8 dift IR2RavkCthe meaniAd giteh'inleiakml &' Gha

[err] [err] [err] [err
e 1 4-pheny1ena groups in II21 to II25 can each,

independently of one another, also be mono- or polysub-
- stituted by fluorine.

12. Display according to at least one of Claims 1 to
11, characterized in that component A contains one or
more compounds selected from the group consisting of II26

and II27:

oty () )T .
- - - - 1127
CrH2r+1 @ @ CHZCHZ F

in which C.H,,, is a straight-chain alkyl group of up to
7 carbon atoms. '

13. Display according to at least one of Claims 1 to
12, characterized in that the liquid-crystal mixture
additionally contains, in addition to components A, B and
C, one or more compounds selected from the group consist-
ing of III and IV: 7

DD
2070 ==
y | Iv

in which R! and R? have the meaning given in Claim 1.
_14. Display according to at least one of Claims 1 to
13, characterized in that the liquid-crystal mixture
additionally contains, in addition to components A, B and
C, one or more compounds of the formula

020



[err] [er r] and Rl err] have the neaning given in Caiml
and t he I “I “ Iﬂ mlups in 118 to 1117 can each, in- dependently of

ne anot her,

DLISpI ay accordr ng to daim9 or 10, charact

e smfbro- or pol ysubsti- tuted by fluorine. 11.
i zed in that conponent A

additionally contains one or nore conpounds Selected fromthe group

[err] [err] in which
Rlerr] and R err 1hav rreanr ng gr ven in Caim1l and the 1, 4-phenyl ene
eﬁf‘-l"?noi'-noﬁlaimo%her al so be

Di splay according to at

consisting of 1133 {,gj_[,hZS [err] [err]

groups in 1121t 1t
nono- or pol ysubana.t I tut ed by £l uorr ne.

| east one of Capps 1 1 ar riz t ha
or nore conpound§ sel %gtgd%?'flggm ﬁ (ouggtat#;sr'str

- 58 -

onponen
“of OF |

[err] [err] in which C[err] Is a straight-chain al kyl grou

carbon atoms. 1335 o g@[@xaﬁcaeédf § &St 28

-crys al"mxture a

characterized in that

a5

O&?e

ona

A contai ns one
GEInEH, FE5-
p of up to 7

S 3.

additi on to. conpeharasteriged dnc thate the r’ri)f-@“%@'rmﬁfé%l s%#—tt!lee m:’n-t he
group CO_nS| St- tionally contains, in addition to compounds A, B and C,

one or more compounds selected from the group consisting

of VvV and VI:

N
@D
N —
: N—
(DD

in which R! and R? have the meaning given in Claim 1.
16. Display according to at least one of Claims 1-15,

\'2 ¢

characterized in that the liquid-crystal mixture addi-

tionally contains, in addition to components A, B and C,

one or more compounds selected f£rom the group consisting

of VII to XI:

VII

VIII

IX

~(CH,CH,) S-@-R2 X1



I in h Rerr] and R err] have the neaning
_ gl ven |n wmmllﬂlll ﬁilll”lll Di spI ay accordl ng to at |l east one of ains 1 to
13, char the liquid-crystal m xture additionally contains,
isw’ addition to conponents A, B and C, one®8r=nore compounds of the fornula
[err] - 59 - in which Rerr] and R err] have the neaning given in C ai-m
1 and Z[err] is a single bond, -CHerr]CHerr]-, [err] or [err]- 15.
"Di splay according to at | east one of Clains 1-14, characterized in that the
l'i quid-crystal ,m xﬁ_lg_r addi - tionally contains, in addition to compounds A,
- B and C, one of npounds sel ect ed fromthe group consisting of V and
VI [err] in wefcén® Rt Hawendthe avedning given dda®ladmilven in daiml. 16.
Di spl ay accordla to at | east one of Clains 1-15, characterized in that the
i quid-crystal "'mxture addi- tionally contains, in addition to conponents
A_ B and C, oné& or mor &sc ®me¥udds sel ect ed fromthe group consisting of Vil

to XI: [err] [@%] '~ Liquid-crystal mixture of the composition defined
in Claim 5. .
18. Liquid-crystal mixture according to Claim 17,

characterized in that it is free from dielectrically
neutral components containing aromatically bonded alkoxy
or ester functions.

19. Liquid-crystal mixture according to Claim 17 or
18, characterized in that it is based only on component
B. . _

20. Liquid-crystal mixture according to Claim 19,

characterized in that X in the sub-formulae IIa to IIf is
F, Cl, CF,, OCF,, OCHF, or CHF,.



»

-60- in-whichRferr] and R err] have the nmeaning given in daim1 and s

Ii,s 0 or crystal mxture of the conposition defined in
“Clai mb5. mgmm“’“w““ mgrystal m xture acecﬂprdl ng to daim1l7,

char act hat i1 is free fromdielectrically neutral conponents
contai ning aronatically bonded al koxy gprg satfi gunctions. 19.

Li qui d- crystal mxture according to Cla|n117 or 18, characterized in t hat

it is based only on conponent B. 20. Li qui d-crystal m xture according
to Claim19, characterized in that X in the sub-fornulae Ila to IIf is F,
C, CF[err], OCF[err], OCHF[err] or CHF[err]. EP 0 394 419 Bl [As

printed] Cains 1. Matrix liquid-crystal display containing - two plane
paral | el support plates which together with a frane forma cell, -
i ntegrated non-linear elenments for switching individual picture elenents on
the support plates and - a nematic liquid-crystal mxture which is present
in the cell and has a positive dielectric anisotropy and high resistivity,
characterized in that the liquid-crystal mxture is based on the follow ng
conmponents: gls drihdt 10% by weight of a liquid-crystalline conponent B -
conprising one or nore conpounds having a dielectric anisotropy of nore
than + 1.5. Bleing to 90% by wei ght -of a liquid-crystalline conponent A
conprising one or nore conpounds having a dielectric anisotropy of -1.5 to
+ 1.5 of t helgdfrtixdinuig-erysielidispiay opteining

- two plane parallel support plates which together with a frame form a cell,

- integrated non-linear elements for switching individual picture elements on the support plates and

- a nematic liquid-crystal mixture which is present in the cell and has a positive dielectric

anisotropy and high resistivity,
characterized in that the liquid-crystal mixture is based on the following components:

a) at least 10% by weight of a liquid-crystalline component B comprising one or more compounds

having a dielectric anisotropy of more than +1.5,

b) up to 90% by weight of a liquid-crystalline component A comprising one or more compounds

having a dielectric anisotropy of -1.5 to +1.5 of the general he general formula |

(B (D (B
in which

R' and R? are each, independently of one another, n-alkyl, «-fluoroalkyl or n-
alkeny! having up to 9 carbon atoms, '
the rings A', A2 and A®  are each, independently of one another, 1.4-phenylene, 2- or 3-fluoro-
) " 1,4-phenylene, trans-1,4-cyclohexylene or 1,4-cyclohexenylene,

2' and 22 are each, independently of one another, -CH,CHz- or a single bond,

and : '
m is 0, 1 or 2, and )

c) 0 to 20% by weight of a liquid-crystalline component C comprising one or more compounds

having a dielectric anisotropy of less than -1.5,
and the nematic liquid-crystal- mixture has a nematic phase range of at least 60°*C, a maximum
viscosity at 20 C of 30 mPa.s and a mean dielectricity constant ¢ S 8.

2. Display according to Claim 1, characterized in that component B essentially consists of nitrile-
containing compounds.

3. Display according to Claim 1, characterized in that component B contains nitrile-containing and nitrile~
free, fluorinat_ed compounds.

4. Display according to Claim 1, characterized in that component B essentially consists of nitrile-free,
fluorinated compounds.

5. Display according to one of Claims 1 to 4, characterized in that component B contains one or more
compounds selected from the group consisting of compounds of the formulae lia to it



/

I n which rr " are each, independently of one

another lg] B uotoal kyl or n- alkenyl having up to 9 carbon

at ons. [err] and A[err] .are each, independently of one

another 1 4 phenylene - or 3-fluoro- - phenyl ene, ’

trans-1, 4- cycIohexerne or 1,4-cyclo Z[err] and Zferr]

are each | ndependent|ly of one anothg$¥ﬁg%$§gﬁﬁ- or a single bond, and m

is 0, 1 or 2, and c) O to 20% by weight of a l|iquid-crystalline conponent C

conprising one or nore co -ounds having a dielectric anisotropy of |ess

than -1.5, and the nemgLi ¢ qu ystal - mxture has a nemati hase

range of at | east 60[2?r] 69 mvrsc03|ty at 20[err] Cofflsg nPa. s

and a mean dielectricity constant [err] 8 2. Display according to Caim
U

1, characterized in th L |1y consists of ni | e-

cqQnt ai ni ng conpounds. ‘ ggzac@o ?‘a Claim1, charact eir:rhéed I n

t hat conponent B contarns cont nrng and n|tr|Ie- free, fluorinated
conpounds. 4. Display ac.c‘ . Lx characterized in thpteconponent
B essentially consists of r|I Iuorlnated compounds. 5. Display
according to one of C ai ’char acteri in that conmponent B

contains one or nore c®p et:agca'3 -gf oup consi stingd of
conmpounds of the formnul ae 419 Bl [err] [err] [err]

Il1c [err] [err] [err] in n-al kyl or
n-al kenyl of up to 9 c@r‘b‘ * CE]z @-Xs cyahbe -NCS, F,
ad, -CHerr], CHF[err] -[err] -OCHF| err r]CF[err]H or
-OC[err]F[err] and 2CE.2- _@ I1£

in which
R : is n-alkyl or n-alkeny! of up to 9 carbon atoms,
X is cyano, -NCS, F, Cl, -CF;, -CHF2, -OCF3, ~-OCHF2, -OCF2CF2H or

-0C;Fs, and
the rings A', A2and A®>  are each, independently of one another, 1,4-phenylene, 2- or 3-fluoro-1,4-
phenylene, 2.3-difluoro-1,4-phenylene, trans-1.4-cyclohexylene or 1.4-
cyclohexenylene, .
- the ratio of nitrile-free to nitrile-containing compounds in component B being >2:1.

6. Display according to Claim 5, characterized in that component B contains compounds of the formulae
lia to Hf in which X is cyano and compounds of the formulae Ha to lif in which X is -NCS, F, Cl, -CFs,
-CHF2, -OCFj, -OCHF2, -OCF2CF2H or -OC.Fs and the amount of cyano compounds in component B
is 0 to 50% by weight.

7. Display according to Claim 8, characterized in that component B does not contam any compounds of
" the formulae fia to Iif in which X is cyano.

- 8. Display according to at least one of Claims 5 to 7, characterized in that X is F, Cl, CF3, ~OCF;, -OCHF;
or -CHF2.

9. Display according to at least one of Claims 1 to 8, characterized in that component A contains one or
more compounds selected from the group consisting of i1 to I7:



. the rings Alerr], err] and Alerr] are each, independently of one
- anoth mim‘ - or 3-fluoro-1, 4- phenyl ene,
3 dj{ iR

ene trans-1, 4-cyckghexyl ene or 1.4-
C¥C|O exersyl éne® the ratio of nitrile-freée to nitrile-containing conpounds
in component B being >2:1. 6. Displ ag Wﬂ g to Aaims5, characterized
in that conponent B contai ns conpounds the fornulae Ila to IIf in which
X is cyano and conpounds of the fornulae Ila to IIf in which Xis -NCS, F,
c, -CFlerr], -CHF[err], -OCF[err], -OCHF[err], -OCF[err]CF[err]H or
-OJ err] F[ err] and the anp mnt.cy qgmounds in conponent_B is 0 to 50%
by weight. 7. Display accordi m , characterized in thht conponent
B does not contain any conpounds of the fornmulae Ila to IIf in which X i
.cyano. 8. Display accordkhg t éﬂre of Cainms 5 to
characterized in that Xis F, OCF[err] F[e”f or - CHF2.
97" Di splay according to at | es one of Clar lto 8 characterrzed in
t hat conponent A contai nsg ni gl ected fro e group
consisting of 111 to II7: EI30239 QBl[err] [ern{I
\ Nave the meani ng given in Claima1l.

[err] [err] in which R[erg:]]l R[er
10. Display according to ai Yot i zed -in t hat conpopngsait A
-additionally contains one or e c mfounds sel ected fromthe group

consisting of 118 to 1120: 4 e 4 EP 0 394 419 B1
o AL
0205
DD

in which R' and R2 have the meaning given in Claim 1.

err] [err]

10. Display according to Claim 9, characterized in that component A additionally contains one or more
compounds selected from the group consisting of 118 to 120:

Rl-@-<_0—>—<—ﬂ->-n : 118




[err] [err] [err] [err] [err] [err] [err] in which Rlerr]
-and R[iml“mum““ Imm ning given in daim1 and the 1,4-phenyl ene groups
in 118 t'o £11% chn %adh, independently of ¢ye another, also be nono- or
potysubstituted by fluorine. 11. Display according to Claim9 or 10,
characterized in that conponent A adoﬁﬂﬂé%ﬂ%labont ai ns one or nore

conpounds selected fromthe group consisti ng of 1121 to 1125: [err]
1121 [err] EP 0 394 419 [err] [er shich Rlerr] and Rl err] have

t he meaning given in %&L n&t%l g#Toups in 1]% ¥gt0 1125
u

can each, independently of o0 \pe -no- or pol ysubstituted by
fluorine. 12. Display accopc ngt st one of Clainms 1 to 11,

characterized in that gén - gde or nore conpoundsysel ect ed
fromthe group consisting [err] [err] in which

Cigrr]lHerr] is astral s a| 8 oup of up to 7 carbon atons. 13
Di splay according to an eoo ’5 to 12, characterixzehin that
-the liquid-crystal mxture .u aufa I ntal ns, |n addition to conponents
A, B and C, one or noregcomounds sele group consisting of 111
and I'V: [err] in whichRR @ 6529551- -dtganl ng givertIk2dC aim 1.
1 < > - - _n2
R°={ H -@ C§ZCH2 @ R I113
R02020%

1115

I116

2
2
~CH.CH.,- CH.,CH..- -’ 1117
2CH, 2CH,

r1-

ADHDOE
QDO
OB

in which R and R? have the meaning given in Claim 1 and the 1.4-phenylene groups in 118 to 1117 can
each, independéntly of one another, also be mono- or polysubstituted by ﬂuonne. .

11. Display according to Claim 9 or 10, characterized in that component A additionally contains one or
more compounds selected from the group consisting of 1121 to 125:

-.-@ -.;.-R 1121
ROSRS0Y0 YOI



\ -

14. Dis [ to at least one of Clains 1 to 13, characterized in
that thgmﬁﬂmgiwﬂﬁim'uﬂ xture additionally contains, in addition to
conmponentss A, a0l lene or nore conp_o;t%ds_ of the formula [err] in which
Rlerr] and R err] have the neaning giv in daiml and Z[err] Is a

single bond, -CHerr]CHerr]-, or [egplossssto® - EP0394419B1 15. Display
according to at |east one of Clainms 1-14, characterized in that the
| i quid-crystal m xture additionally contains, in addition to conmpounds A B
and C, one or nore conpou hed fromt heowoup onsiztsti ng of V and
VI: [err] R @i@fﬁf- Rt he 19249 ng gi ven
in Claiml. 16. Display a o at” | east\ede ot ai ns 1-15,
characterized in that tshe T \m ytTN\e agditional ly contains, in
addition to conponent R @ okpounds sel ectld@5% rom t he
group consisting of VIl td o err] [es] [e=] [err] [err] in which
Rrr] and Rlerr] have the neaning given in Caiml and s is 0 or 1.
17. Liquid-crystal m xture of the conposition defined in Claim5, 18. :
Li qui d- cryst al imyigh ¥ andBchayeithe greaning @var ih Gaim 12ad tha d ¢rpherylene §robeg (11 forli2p gan
free from di el @83"rngeRpndgntiy ofAnp afiother, 7ise AR MPR0- rRtYaYLRTtYIRH &Y WA cal Iy bonded
al koxy or es;tzt'a rDis];allély ggcl)rgirr}gs to at least one of Claims 1 to 11, characterized in that component A contains one or
more compounds selected from the group consisting of 1126 and 127:
YO
crHZr-’-l'@‘@ CH,CH,-F 112_7
in which CHz,.1 is a straight-chain alkyl group of up to 7 carbon atoms.

13. Display according to at least one of Claims 1 to 12, characterized in that the liquid-crystal mixture
additionally contains, in addition to components A, B and C, one or more compounds selected from the
group consisting of Ili and {V:

oD (D :

in which R* and R? have the meaning given in Claim 1.

14. Display according to at least one of Claims 1 to 13, characterized in that the liquid-crystal mixture
additionally contains, in addition to components A, B and C. one or more compounds of the formula

Ly ey

in which
R'and R?  have the meaning given in Claim 1

<®

Z°  is a single bond, -CH2CH;-,

or

~(H)-ca,cH,-



19. Li m xt ure accordlng to Claim17 or 18, characterized in
. that |t]!| !ﬂ il! corrponent B. 20. Liquid-crystal m xture according
“to dai ed inthat Xin t sub formulae Ila to IIf is F
a., CFlerr], CCF[err] CCHF[err] or _CHF |§ EP 0 394 419 81 [ As

print ed] Revendi catlons 1. AfficheufP ﬂ& B! | cristaux | i qui des

conport ant 15. Bisplay pécanjing Jo @k lesstperaf CGlpinisn d-d4 cpmaaerizgd @nsthgtuthe liguigcrystal rb@tmd
torment une ceadditighally contaife.gn addiion totcompeunds A. [Bcand [Ceenenn more| campawnda selectied fiong the
poi nts d' i mageroimepnsistingiefVsandk | es pI aques de support et - une conposition
de cristaux liquides nénatiq e ant _dans la cellule. A anisotropie
di el ectrique positive et ha Q ¢ a0cC -Rﬁdm fique, cararterise en ce que’
| a conposition de cristaux |iquhde a base des conposants suivants: a)

au noins 10 % en poids d' un conposant B de type cristal Iiquide. constitue
d un ou pIu5|eurs conposes otsopi e didlectrique superieure &
- +71, 5. b) jusqu'i 90 %en p& ,n c@ UBant A de type &I stal |iquide,
constitue d' un ou plusieurs conpo es nt une ani sotropi e dielectrique de
-1.5 a + 1.5, de fornule gené6rale | zl +l g z2--C-R2

dans | aquel | em'?:mcﬁh'ﬁ%nzhavememeanm W‘aﬂmeélﬁ tyent chacun, independamment Pun
de |'autre, un groupe n- V\E uor oal kyl e ou n- aI cenyl e ayant jusqu'a
9 atomes degc B.saslapac%ordinsso Gvrehﬁsoné\of ORI §-18) TharatGREE FERMCRS IGHAEYSal mixture

| ndependanmeniddiiefaliy Ebhtalts.Sn aHdlibRH corBbneHtON EPank CHodehd? Fivk e%ﬂrouaas d3lécted from the
3-fl uoro- 1. 4- glogreohsstng oftlade- 1. 4- cycl ohexyl bne ou 1, cyc ohexdnyl bne, Z'

et 72 representent chacung mdegendan’ment ' un de

| " autre. - CH2CH2- ou, une Rpl e |iai son m represente
0. 1 ou 2. et ¢) OR%L—Q-O %te g?ant C de type crisypf

| i qui de, constitue d' un pI LI§I efir s2 c QpoSes ayant une ani sotropie

di el ectrique inferieure & 1,5, et la conposition de cristaux |iquides
nemat i ques presente une pl age Bg phaBe nenmati que d' au noins

R —(-@-); -R? | VIII

F F :
1_ _ 2 .
O

F

: Fy\
rl- CH,CH, - -(CH,CH,)_- -r% X
272 2-"2)s
!
R - ca cH, @ (CH,CH,) -@ XI

in which
R'and R?  have the meaning given in Claim 1

and :

s isOori.

17. Liquid-crystal mixture of the composition defined in Claim §.

18. Liquid-crystal mixture according to Claim 17, characterized in that it is free from dielectrically neutral
components containing aromatically bonded alkoxy or ester functions.

19. Liquid-crystal mixture according to Claim 17 or 18, characterized in that it is based only on component
B.

20. Liquid-crystal mixture according to Claim 19, characterized in that X in the sub-formulae Hla to Iif is F,
Cl, CFs, OCF3, OCHF; or CHF>.



¥

60 1 C 20 * C d" au maxi num 30 nPa.s et. une constante

di el ect lmm“ﬂm “‘lﬂ“m 8. 2. Afficheur selon la revendication 1,
caract er ksec ern ce gde Fe conposant B est ggsentiellenment constitue de
conposes contenant des groupes nitrile. 3. Afficheur selon |a revendication
1. caracterise en ce que |e conposangp %dﬁar){.‘ ¢jt des conposes fluores
exenpts de groupe nitrile et des conpos uords contenant des groupes
nitrile. 4. sfpximsad] selon |a revendication 1, caract6rise en ce que le
conposant B gQlsdisdtnsssenti el l enent en conposes fluores exenpts de groupe
nitrile. 5. Afficheur selon lune des revendications 1 a 4, caracterise en
ce que | e CoRPQHRRAdur Ratficdl b icAdidux liquidesicdrpdidntUr S conposes choi si s parni des
conposes de for mil @gx pihquesidd support & ficeSparailkies gul avecSin bofd, forment une cellule,

- 68 - EP 0 394. 443 éRhemts nonindaires pour la commutati¥n de points d'image individuels sur les plaques de

I la R <-CE72CZ, Qupgbrt et d1b R
- - uneXcomposition de cristaux liquides nématiques se trduganRdar@]ia (cel®®. A @jigdtropie
j - X diélectrique positive et haute résistancé $pdcifue,.Qe- ce2CS 2- O Cn2Cu2- O - X

lle R O CEH2 ¢ Xaractéidé er e que la composition de cristaux liquides est & base des composants suivantgians

| esquel les R e gmntic%en rgide dive _ms_ﬂﬁededwencna@'duww éonplitush g'up 0w glusieyrsy
atomes de car bonegmpdsés ayanbyneagisoyopie Fiélectiiqup gupédeurr Htip8. cyano, - NCS, - CF3,

- CHF2, -OCF3, - OPHPsqua-S0CYk2nmmids s{pn, compasant Asge e ‘-E!%I"é‘é!deA'“"sS&? gn A plusiours
reprdsent ent cha6uRPosés Ry neaiRRrRpie Jifleciriqyp de ol éuis'r‘@§°’"'f"8 gﬁ?é e 1,4.

phenyi bne, 2- ou 3-fluoro-1; ylpne dlﬁ 6ny|ene
trans- 1, 4- cycl ohexyl ene ou B, 4‘g§’ Ién p r s conposes
exenpts de groupe nitrite aux cb -oses con ant des pes nitriles du
conposant B est > 2: 1 6. Afficheur selon la revendlcatlon 5. caracterise

en ce quo le con‘gog o cont I ent des conposes de fornmules Ila | |IIf, dans
' esquel | es X repregEite. | e groupe CyaRan ﬁmﬂeﬁx ARARRA flA deoFaliv, GA Auaa &
| f dans Iesquel I es represente - o kv,eog:ﬁ icériyfeldyant ;usml'_s?atom Esgbone.
- OCF2CF2H ou - OC2Fg, c,}gies 2 PG APOT feh@kbnfifScnatuR iRGsDeriddMMent it kins [d8s S48 A YRiupd3
va de 0 A 50 % en pol 1.4-phényléne, 2- ou 3-fluoro-1,4-phényléne, trans-1.4-cyclohexyléne
ou 1,4-cyclohexényléne,
2'et 22 représentent chacun, indépendamment I'un de I'autre,-CH2CHz- ou une
. simple liaison, et
m représente 0, 1 ou 2, et

c) 0 2 20 % en poids d'un composant C de type cristal liquide, constitué d'un ou plusieurs
composés ayant une anisotropie diélectrique inférieure 2 -1,5,
et la composition de cristaux liquides nématiques présente une plage de phase nématique d'au moins
60° C, une viscosité 2 20 *C d'au maximum 30 mPa.s et une constante diélectrique moyenne ¢ 8.

2. Afficheur selon la revendication 1, caractérisé en ce que le composant B est essentiellement constitué
de composés contenant des groupes nitrile.

3. Afficheur selon la revendication 1, caractérisé en ce que le composant B contient des composés fluorés
exempts de groupe nitrile et des composés fluorés contenant des groupes nitrile.

4. Afficheur selon la revendication 1, caractérisé en ce que le composant B consiste essentiellement en
composeés fluorés exempts de groupe nitrile.

5. Afficheur selon I'une des revendications 1 & 4, caractérisé en ce que le composant B contient un ou
plusieurs composés choisis parmi des composés de formules lla aiif



7. Afficheur solon la revendication 6, caracterise en ce quo |e conposant B
ne contl mllﬂzﬂmu ﬁmmﬁs de formules Ila & || f dans Iesquel l es X

repr esent Af fi cheur sol% au noi ns | ' une des

révendi cat’i orfs *caractdrise on ce gquo X represente F, d. -CF3.

- OCF3, - OCHF2 ou -CHF2 9. Afficheur ERQ3%4MOBins |’ un des revendi cations
1 & 8. caracterise en c¢cs quo |l e conposant A contient un ou plusieurs

conposes choisis parm ceux de fornmules Il 1 117: <i> @

~~~~~~~~~~~~ | 1 2 R- <i3 RZ - 112
R- vyj -CHC2- \(} -R R= --X 1[3 Rl- KI;bIa c-iO
-R 114 - 69 - * L *

EP 0394 419B1 R -R 116 R1

- (- CH2CH243' - R2 R-'Q-CEZCHZ' @"’Q | 7 dans | esquel | IR et R2
ot les significations donnEes dans |a révendi cation 1. 10. Affichour selon’

| a revendi cation 9, caractdrixd e gua\l e conposant A contienf_en outre
un ou plusieurs conposdé"'c i"s i ]‘He formules 118 & 1158€ a1 /\ 1

\ R I8 R /|  CR2 -

3 -R T

1 191 RI-(3-( )--R2 d'@ @C%i%i'l@‘x 1118
R%E(D_q&2§%<9 (-R 2 112 (R;H -
1116 R CH CH - @’CBZCB@OJ@'CEZCE @ 1117 RL_~~

2. (i - 2 112 s

70 - EP 0 394 419 Bl g .-ca cR,- . @-x 11£

dans lesquelles
R  représente un groupe n-alkyle ou n-alcényle ayant jusqu'a 8 atomes de carbone,
X représente F, Cl ou le groupe cyano, -NCS, -CFs, -CHFz, -OCF3, -OCHFz, ~OCF2CFzH ou
-0CzFs.
et
les cycles A', A2 et A  représentent chacun, indépendamment les uns des autres, le groupe 1.4-
phényléne, 2- ou 3-fluoro-1,4-phényléne, 23-difluoro-1,4-phényléne,
trans-1.4-cyclohexyiéne ou 1,4-cyclohexényléne,
le rapport des composés exempts de groupe nitrile aux composés contenant des groupes nitriles du
composant B est > 2:1.

6. Afficheur selon la revendication S, caractérisé en ce que le composant B contient des composés de
formules la 2 1if, dans lesquelies X représente le groupe cyano, et des composés de formules lla & Iif
dans lesquelies X représente -NCS, F, Cl, -CF3, -CHF;, -OCF;, -OCHF., -OCF.CF2H ou -OC:F:s, et Ia
proportion des groupes cyano dans le composant B va de 0 & 50 % en poids.

7. Afficheur selon la revendication 6, caractérisé en ce que le composant B ne contlent pas de composés
de formules lla 2 lif dans lesquelles X représente le groupe cyano.

8. Afficheur selon au moins l'une des revendications 5 & 7, caractérisé en ce que X represente F, Cl,
-CF3, -OCF3;, -OCHF2 ou -CHF:.

9. Afficheur selon au moins I'un des revendications 1 & B, caractérisé én ce que le composant A contient
un ou plusieurs composés choisis parmi ceux de formules 11 a II7;

2
OO
1 2
@@ w
@-cn CH,- -R? |
25 113



L

dans lesquelTes Rl ot R2 ont Iles significations données dans |a

gevendlca pes 1.4- phenylene dans los fornules 118 a 1117

' peuvent d mgﬁm““lmmumrou pl usieurs_fghs_substitues chacun,
rdependammentc | €s #nss des autres, Pp 6 Hécg 11. Afficheur selon |la

revendl cation 9 ou 10, caracterise en ce quo Ie conposant A contient en
outre un ou plusieurs conposds choisis parnmi coux de fornules 1121 a 1125:
X1 @@ @ @R2 ~~~~] 121 R(3j.CH2 _(
-3R 1122, RL-A '
1123 Rl_@- (D CEL2CEl 2- <DB~~
} 12S dans lesquelles R et RZ®nt
revendi cation 1 et les gr

2
-§|_ (_(}<>R2 I11S
significations donndes dans | a
n*ﬂene dans | es fornulﬁ§61121 & 1125

peuvent egal enment ftre un€e o SNe 0i S substitues chacu
|Qg6pendannent | es uns des aupres, par le or. 12. Afficheur selon au

noi ns | ' une des revendlcakigr ~Acﬁ1CHC \| Jﬁh en ce quo Fg7conposant A
contient un ou plusiours conpPpsg 8i sks \p ceux de formules 1126 et
1127: CrH2r+1 9-3 >-CH2 -F | 1 26
CH2r+l (D( @CH 2CH 2-F | 127 dans

| esquel | es CH2,dahs lesaueligs Riyet 573 pas lag Isigpificatiogs M'c‘%éa@fr'iﬂet’@d'&?@ﬁﬂ jusqu'i 7

atones de carbone. 13. Afficheur selon au nmoi ns | ' une des revendications 1
i 12, caract df- Aficheus sglan ¢p evengigati o?fl)?%a‘f?t'g campqsant(A gontignt, en outre un ou
conposi tion de Wl3§$£W°F?scﬁﬂP'ﬂ% "E'c?ﬁ?’i"ér{?'mé'ﬁ WRAVE uh ou plusieurs conposes

choisis parm ceux de fiorpT RI @ <3FoR2CH O
IVI -Rl- <9 !é @ 118 ||V dans
| esquelles R et R2 ont ig S donn6es dans | a revendi cation 1.

14. Afficheur selon au rm INune des -v- iogs 1 & 13, caractérise
en ce que, en plus desR @. hosi tion de &FPstaux
| i qui des contient en outr "a ¢sds de formule 1111
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N

dans | aqu nt Ies significations donn6es dans | a
revendlca /uu reprdsente une sinple liaison, -CH2CH2-, -CH
ou . - cheur selon au ypins |"une des revendications 1 a

14, caract erisd en ce que, en plus des conposants A, Bet C la conposi tion

de cristaux |iquides contient en out & @ 9BWsi eurs conposes choisis
parm ceux de formules Vet VI: -<3- D -R2

V R1 i Ra | |

ont I es- signi 1 % [éawg"ea it e e B8 S o 11
au noins | une S eV \’af)sn i Pi%'e"‘éa é'l:ef'te?'eé'ge PR (RS SURTHUAT ggeun

des conposant s %‘d% m efﬁ"s “6'3? tpar ?1"8e cristaux liquides contient en

outre, un o ﬁmgu@@wﬁﬁin E gfd;go {f:: gg,égfe I Y Y

r i X RL+_

} 93- CfIzCE2 _ VL F L
V\/IIRFFXD ~~~~~~~ = P -R I121
X ~~~~~~~~~~
Xl ~~ dans IesquellesIﬂ11<:§%>_c§n§ale ‘n Qt i/ogs @2ndes | a
revendication 1 et s est%buzl B a f¥5§
_ 1 _ )
a-o-t@-w
1l
(DD @Dyt

DO

dans lesquelles R! et R? ont les significations données dans la revendication 1 et les groupes 1,4-
phényléne dans les formules 1121 & 25 peuvent également &tre une ou plusieurs fois substltués
chacun, indépendamment les uns des autres, par le fiuor.

12. Afficheur selon au moins 'une des revendications 1 a 11, caractérisé en ce que le composant A
contient un ou plusieurs composés choisis parmi ceux de formules 1126 et U27:

-CH _ I126

2020,
@@-ca e

r 2r+1

r 2r+1

dans lesquelles C,H.,.; est un groupe alkyle a chaine droite ayant jusqu"é 7 atomes de carbone.
13. Afficheur selon au moins I'une des revendications 1 4 12, caractérisé en ce que, en pius des

composants A, B et C, la composition de cristaux liquides contient en outre ui ou plusieurs composés
choisis parmi ceux de formules Ill et IV:

D
Rl'- cazoa v

dans lesquelles R' et R2 ont les significations données dans la revendication 1.

14. Afficheur selon au moins l'une des revendications 1 4 13, caractérisé en ce que, en plus des
composants A, B et C, la composition de cnstaux liquides contient en outre un ou plusieurs composés
de formule



17. Conposition- de cristaux |iquides ayant |a conposition difinie dans |a

. fevendi ctmlm"mu"ﬂ m osition de cristaux |liquides selon |a

" fevendic ull “Ilrl sde en ce qu'_ekhe_est exenpte de conposants

dicel ectri quefrent rfeutSred qui contiennent dés fonctions ester ou al coxy
1iees a un groupe aromatique. 19. Cong®oeissate Be cristaux |iquides selon |a

revendi cation 17 ou 18, .caractdrisde en ce qu'elle est seul ement a base du
conposant B. 20. Conposition de cristaux quuides selon l.a revendi cation

19, caracterisee en ce que. dans tei SPT fcar ||82a|lf X represente
F, d. CF3. OCF3, OCHF2 ou CHF2. . -OR '

c dans laquelle
~ R'et R2  ont les significations données dans la revendication 1 et
2° représente une simple liaison, ~-CHzCHz-,

ou

15. Afficheur selon au moins l'une des revendications 1 & 14, caractérisé en ce que, en plus des
composants A, B et C, la composition de cristaux liquides contient en outre un ou plusieurs co_mposés
choisis parmi ceux de formules V et VI

N :
O
N
N
20O I

dans lesquelles R' et R? ont les significations données dans la reve_ndication 1.

16. Afficheur selon au moins l'une des revendications 1 & 15, caractérisé en ce que, en plus des
composants A, B et C, la composition de cristaux liquides contient en outre un ou plusieurs composes
choisis parmi ceux de formules Vil & XI: -
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Rl-®-CH CH,- @ (CH,CH,) -@ X
R% X1
Rl- -CH,CH, - ° -(CR,CH, )

dans lesquelles
R'et R?  ont les significations données dans la revendication 1 et
s estOou 1. '

17. Composition de cristaux liquides ayant la composition définie dans la revendication 5.

18. Composition de cristaux liquides selon la revendication 17, caractérisée en ce qu'elle est exempte de
composants diélectriquement neutres qui contiennent des fonctions ‘ester ou aicoxy liées & un groupe

aromatique.

-

19. Composition de cristaux liquides selon la revendication 17 ou 18, caractérisée en ce qu'elle est

seulement & base du composant B.

20. Composition de cristaux liquides selon la revendication 19, caractérisée en ce que, dans les sous-

formules lla & Iif, X représente F, Cl, CF;, OCF,, OCHF2 ou CHF:.



