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45 Lm between said substrates, said gap being filled with a ferroelectric liquid crystal assuming a chiral smetic
phase C.

The ferroelectric crystal has a layer structure in the chiral smectic phase C, and in this layer a major
axis of molecule is oriented so that this axis forms a practically definite angle ¢ (called a filt angle). In this
state, as shown in Fig. 4, the major axis of liquid crystal molecule 41 gradually turns owing to interaction

50 between the molecules to a different direction and comes to form a helical structure (Fig. 4).

However, when a gap of about 2 um formed by two glass substrates is fillied with a liquid crystal
material, the oriented state of the liquid crystal material is influenced by the glass substrates to release its
helical structure, and the liquid crystal molecule 51 comes o exhibit two forms of steady state when viewed
from above the transparent subsirate 50 as shown in Fig. 5. In the steady state as mentioned abovs,

65 because the major axis of liquid crystal molecule and a dipole perpendicuiar thereto take the direction
opposite to each other in the two forms of steady state, the steady state of the liquid crystal material can be
transferred between the above-mentioned two steady states by applying an electric field thereto.
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exanpl e, these light nodul ation el be driven by a nmethod using a
liquid crystal cell conposed of tw?;etpéﬁ %ﬁe‘nt substrates being arranged
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wherein R is a group selected from the group consisting of alkyl of 3-20 carbon atoms, alkoxy of 3-20
carbon atoms and halogenated alkyl of 3-20 carbon atoms, X and Y each represent a group selected from
the group consisting of -COO-, -OCO-, -CH2CHz-, ~CH20-, OCHz-, -8-S-,

50
~C-CH32~

i
o

56



attaining even a dark state, and in nost cases it was difficult to attain a
dark state having a sufficient 20 d P%ﬁﬁﬁ§ﬁ that account, it has been
unsuccessful in obtaining a sufficien ?ness ratio of a bright state
to a dark state, that is, a sufficient contrast. OBJECT OF THE | NVENTI ON 25
The present ajgvention has been made in view of the prior art as nentioned
above, and an object of the invention is to provide novel carboxyl ate
conpounds usable as liquid crystal co 1gs. capabl e of form ng displ ay
devi ces having such excellent characteri$tigd as broad operating

t enper at urse range, high switching speed, agpropriate switching threshold
val ue voltage, operability with very small ‘power consunption and high
contrast. 30 Anot her object of the invention is to provide liquid
crystal conp¥isinglehands & 3edB pach depresentsaasoup-spigsied fromdhe groMpctongistindx y| at e
conpounds and having excellent characteristics. A still further object of
the inventfon is to provide novel liquid crystal elenents having excellent
characteristics using the above-nentioned novel c | at ,
processes for the preparation thereof, and nethods | i ght du I ol
using said elements. 35 SUMVARY OF THE | NVENTI ON The novel carboxyl ate

conpounds gccordrng to the present I nvention are represented by the
fol | owi ng 40 [ 45 i s eIe M t he
group consi st1 y) 1) 0 ca Ul f 3 obn_ at ons

and hal ogenated al kyl of’ 3-20 carbon atons, X’ and Y each represent a group
sel'seted fromthe group consisting of COO- -0CO-, [err] , -S-S, so

[ ERR] /55 4 andEP O 431 929 Bl and [ERR] or a single bond, A and B each
represents a group selected fromthe group consisting of 10 20 and 25 and
R* is an optically active group of 4-20 carbon atonms containing at |east

one asymmetric carbon atom _O_@_

25

and R" is an optically active group of 4-20 carbon atoms containing at least one asymmetric carbon atom
TN (hydrogen atoms attached to the carbon atoms of said opfically active group may be substituted with
/ halogen atoms), and m and n are each an integer of 0-2, with the proviso that both m and n do not become
30 0 at the same time.
Such novel carboxylate compounds as illustrated above may be used as liquid crystal compounds.
The liquid crystal compositions according to the invention contain the above-mentioned carboxylate
compounds.
The first liquid crystal element according to the invention comprises a cell composed of two substrates
35 being arranged so as fo face each other lsaving a gap between said substrates, said gap being filled with a
liquid crystal material which is a liquid crystal composition containing at least one of the above-mentioned
carboxylate compounds.
. The second liquid crystal slement according to the inveniion comprises a cell composed of two
L/ substrates being arranged so as to face each other leaving a gap therebetween, and said gap being filled
40 with a liquid crystal material, wherein each substrate is provided with a transparent electrode on the inner
surface thereof, a polarizing plate is provided on the outside of each substrate so that a plane of polarization
formed by the polarizing plates has an angle of 70°-110°, and the cell filled with the liquid ¢rystal material
is arranged between the polarizing plates at an angle of from +10° to -10°C relative to the position of the
cell at which the transmitted light becomes the darkest or the brightest, said liquid crystal material
45 containing the liquid crystal compound represented by the above-mentioned formula [A].
The method of light modulation according to the invention comprises applying an electric field to the
above-mentioned second liquid crystal element.
The process according to the invention for the preparation of a liquid crystal element comprising a cell
composed of two substrates bsing arranged so as to face each other leaving a gap therebetween, said gap
50 being filled with a liquid crystal material, which process comprises forming the cell by providing an
orientation controlling film on the inner surtace of at least one substrate, filling the gap with the liquid crystal
material containing the carboxylate compound represented by the above-mentioned formula {A], and
heating said liquid crystal material contained in the cell to a temperature not lower than the temperature at
which said material exhibits an isotropic liquid, followed by cooling to a temperature not higher than the
s5 temperature at which said material exhibits a liquid crystal.
By virtue of using the above-mentioned carboxylate compounds as liquid crystal compounds, there can
be obtained various display devices having such excellent characteristics as broad operating temperature
range, high switching speed, very small power consumption and stable contrast.
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which said material exhibits a liquid crystal. By virtue of using the
above-nenti oned car boxyl ghe conpounds as liquid crystal conpounds, there
can be obtai ned G]%' QY -HPLLOy-BRE-DBOBURR eXxcel.l.ant[A]
characteristics as DWZaNgger ati ng terrperaf‘ure range, high swtching speed,
very snal|l power consunption and stable contrast. EP 0 431 929 Bl BRI EF

DE PTI ON' G tnBHEmIdRAKY NGSprbdofts algréup sBieGbtPrdm %JQCBMU Q:m{si’sﬁrfg] of MM o3 BB IchMsn Of
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t et rahydr 0- 6"in the @86 iciia fR],-whap Rti s 608y daBory Arhe) g lalRANTEY b6 amCdf Gtraight-chain,
Fig. 2 is aradhad bndsdicyslicuiied. ©F thh caddxrylstp earbpouiias of théxolmuld [A], tHosetin @ieft Ry dneipity |
ester of 4cfeld alkyi,, @wevét, -exhibit excellent liquid crystal properties, because their molecules assume a rigid
structure extending in a straight line. Examples of such straight-chain alkyl includes hexyl, heptyl, octyl,
45 nonyl, decyl, undecyl, dodecyl, tetradecyl, hexadecy! and octadecyl.
When R is halogenated alkyl in the formula [A], examples of such halogenated alkyl include the above-
mentioned straight-chain alkyl in which at least a part of the hydrogen atoms has been substituted with a
halogen atom such as F, Cl, Bror 1. o
When R is alkoxy in the above-mentioned formula [A)], examples of such alkoxyl include alkoxy having
s0 the above-mentioned straight-chain alkyl, for example, hexoxy, heptoxy, octyloxy, nonyloxyl, tetradecyloxy,
heptadecyloxy, hexadecyloxy and octadecyloxy, undecyloxyl.
Of the compounds of the above formula [A], those in which R is alkoxyl exhibit particularly excellent
liquid crystal properties.
In the formula [A] mentioned above, X and Y each represents a group selected from among -COO-,
§5 -0CO-, -CH2CHz-, ~-CH20-, OCHz-, -S-8-,




tetrahydro-6' -n-decyl oxy- 2'-naph1hoy|oxy) benzoic acid. Fig. 3 is a chart
shfmﬁ?g [err]-NWVR spectrumof R-1"'- Eﬁbmbygﬂpg?thylheptyl ester of
4-14-(1",2",3",4"-

tetrahydro 6" - n- hept yl oxy- 2" - napht hoyl oxy) benzoyl oxy] benzoi c acid. Fig. 4
is a sketch illustrating that each najor géls of the nol ecul e of
ferroelectric liquid crystal tilts by a 2Tilt angle to the vertical
direction of a snetic layer, and the dlgectlon of the tilt rotates every
snetic layer by a definite angle one by~one, thereby assum ng a helical
structures Fig. 5 is a sketch showng the state of a conventional film

el enent: wherafdn two types of the direction of orientation can be attained.
Figs. 6(A) and 6(B) are each a sectional view showi ng schematically one
enbodi ment of the liquid 15 crystal el LOf the present invention.
Figs. 7 and 8 are each a phot ograph of oscig | ographic wave show ng the
rel ati on Wetween a voltage applied at the me when a triangul ar wave

vol tage is applied to t he quuid crystal element of the present invention
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First, the nov xyl a unds of the invention are illustrated.
The novel car co nd Iiquid crystal compounds according to
the inventd on nay be refresented by the following formula [Al. [ERR] In the
formula (A], Rrepresents a. group selected fromthe group consisting of
aIkyI of 3-2®dcarbon 40 atons, al koxy of 3-20 carbon atons, and hal ogenat ed
al kyt of 3-20 carbon atons. In the above formula [A], when R is alkyl of
3- 29 car bon atons, the al kyl may be of rai ght-chain, branched and
alicyclic3nes. O the car boxyl at e 5%<Z)’#@§>3f.the formula [A], those in
which Ris straight- chain alkyl, however, exhibit excellent liquid crystal

properties, be? S Gas Qﬂhgfcg;% gl frﬁpa’a “Eﬁ“ fhold B @5«1&% \%mfoﬁ N dqlia?

strai ght l' lﬂwaﬁ kgr? i 'B arp each
heptyl , OSJY'mhr Bﬁ%ﬁogecy , un ecy odecy tetradecy hexa ecyl and

octadecyl enat ed al kyl |n t he fornula [ A, exanples of such
hal ogenat ed aIkyI |nclude t he abo ment i d raight-chain al kyl in
which at |east a part of the hy atdﬁESﬁE(iPEbn substituted with a

hal ggen atom such as F, d, Br or 'I. Wien R1s alkofy in the

above-nments oned fornmul a [A], exanples of such al koxyl include al koxy havi ng
50 t he aboveernenti oned straight-chain alkyl, for exanple, hexoxy, heptoxy,

octyl oxy, nonyl oxyl, tetradecyl oxy, heptadecyl oxy, hexadecyl oxy and
oct adecyl oxy, undecyl oxyl . \If:I::]\

45

Of these groups, particularly preferred is phenylene.
In the above formula [A}, R" represents an optically active group of 4-20 carbon atoms having at least
one asymmetric carbon atom. The hydrogen atoms attached to the carbon atoms constituting this opticafly
50 active group may be substituted with halogen atom such as F, Cl, Br or |, particularly with fluorine atom.
Examples of such optically active group include those as mentioned below.
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O the conpounds of the above fornul a [Al, those in which Ris alkoxyl
exhi bit particularly excellent qu Pd? %9 properties In the formul a
[ A] nentioned above, X and Y each re esents a group selected from anong

-C0O, 55 -0CO, [err], -S S, EP 0 431 929 B1 5 and [ERR] or a
single bond. In the ase of the,car boxyl ate E’ npounds of _the above fornul a
[A] of the inventi OE sed as |i crystal §rrpounds Xc&“% Y are each
sel ected desir ng :‘Q%} SCO . L r %; [err], and
particularly wh agf-x)’ n@?ﬁ% eul €6 g Pﬁféé ’int %c %EH at | east

one of XsandY efera&l botthndYare-COO. Inthe

above- nenti onedj ??)rrrul alA, B each represent a group selected from
t he group consr.g;gng @is 20a 1P [%ﬂ c¥d-ynshe case of the carboxylate
conpound of the abov orrmula [Al of e invention are used as liquid
crystal conpounds, when characteristi cs of liquid crystal material are
taken i ffo ac¥depptically active aroups 2s "eeRtignecabols: Bﬁef?F'%Hﬁ"?‘hP"ﬁe"cfj’FBQrp 40 or 45 Of

t hese groups, particularly preferred is phenylene. In the above fornula
[A], R* represents an optically,_ active graoyp of 4-20 carbon atons having at
| east one asymmetric carbon at 1?‘@ The hyd\r#goﬂan atons attached to the carbon
atons copstituting this optrc may be substituted with
hal ogen gtom such as F, d, oly ‘?&i rtl(ﬁ*&?—(fqlf-ﬁgw,[h fluorine atom

Exanpl es of such optically actr ve group include those as nentioned bel ow.
55 & EP f4 431 929 Bl

~C*H-CH2~CO0~C2Hs5.

25 Of these groups, particularly preferred is

e
Y -C*H-CgH13.
30

In the formula [A], m and n each represent an integer of 0-2, with the proviso that both m and n do not
become 0 at the same time.
In particular, when the carboxylate compounds of the formula [A] are used as liquid crystal compounds,
35 mis preferably 1 or 2.
In the formula [A] mentioned above, 1,2,3.4-tetrahydronaphthyl group includes 1,2,3,4-tetrahydro-1,5-
naphthyl, 1,2,3,4-tetrahydro-1,6-naphthyl, 1,2,3,4-tetrahydro-2,6-naphthyl and 1,2,3,4-tetrahydro-1,7-naphthyl.
IR Particularly, when the carboxylate compounds of the invention are used as liquid crystal compounds, it
s is preferable that the whole molecule be linear, and particularly preferred as 1,2,3,4-tetrahydronaphthyl
40 group is 1,2,3,4-tetrahydro-2,6-naphthyl.
Accordingly, the carboxylate compounds represented by the above-mentioned formula [A] may include
concretely those represented by the formulas [1] to [32].

50
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[ERR] 10 O the opticalty active gr oups as nentioned above, preferred
are those including [ERR] and 25 Ot 28 TEUPS, particularly preferred is
[ERR] 30 In the formula [A], mandEﬁ each represent an integer of 0-2, with
the proviso that both mand n do not becone 0 at the sane tinme. In

particul ar, when the carboxyl ate conpounds of the fornula [A] are used as

liquid cry m j r r Wesdy ormylLafip
nenti oned a ?)‘l:v’e6 amﬁépéﬁ@%n%ﬁt gémPc i ncﬁ %g !

1,2, 3,4-tetrahydro-1, 5- naphthyl, 1,2, 3, 4-tetrah%(d) 1, 6- napht hyl ,

1, 2, 3, 4-tetrahydro- 2, 6-naphthyl and 1,2, 3,4-tetr ro-1, 7- napht hyl .
Particularly, when the carboxyl ate conpounds of the invention are used as

liquid crystal conpgyn it is_preferable.that the whol e nol ecul e be
| i near, an#l,§Cygtt 00 6+ asoav@-cawmwm hyl - 460 %ﬂr oup
is 1,2 3, 4-tetrah 7 6- napht™l . Acc i ngl y| t he carboxyl ate conpounds

represen{oed by the above mentioned fornmula [A] nmaQFs ncl ude concretely those
"represented by the formnul as [1] to [32] 45 50 55 8 EP 0 431 929 B1

[ERR] 25 30 35 40 455 431 Bl [ ERR]
HzsC12- COO coo-c*a (CHfyg CHy  ---[3]

\L » “’fc“'°°° "@‘ cooQ)- Coo-?*mcnzﬂ-s' CH; .- .- 14]

CFs

25

'\_/_
30
35
b.
40
45

60
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55 10 EP 0 431 929 Bl [ERR] 55 EP 0 431 929 Bl [ERR] 55 12 EP O
431 929 Bl [ERR] The carboxyl ate Ce &?%aﬁ exerrpl I fi ed above nay be
prepared by utilizing a conbinati on of nown synt hesi s techni ques. For
exanpl e, the above-exenplified carboxyl ate conpounds may be synthesi zed

through such synthe- sis route as illustrated below. [ERR]

N, N - di cycl ohexyl C m de/ thél en hl or i de 25 4’3’5&%
[err]/5%d-Eafsh) FP@a met hy e
chloride 40 45 [ERR] IS,

1, 2,3, 4-8 et r ahydr o- 6- n- al koxynapht hal ene- 2 carb®&ylic acid is obtained, for
exarrpl e, by reflux-. ing a mxture of 6-n-al koxynapht hal ene-2-carboxylic
acid and 1, 2-et hoxyethane in the presence of netallic sodiumwhile adding
dropwi se i soanyl al cohol .

0 H19Ce-0 \mtOO—@- coo -@-COO-(':*H (CHz¥yz CH, «..[6]

CFs

15

W, Hl')Cs"OOO -@- Ccoo -@-coo-(I;*H (CHsYE CH, ...[7NM

v = o CFs
H-15C7~0®c00 —@- Co0 -@-coo-(':*n (CHsY3 CH3 ... [8]
25 _ CFs
333016'0\@:)\:00 —@»coo-cl:*n- (CH,) 5~CH3 ... (9]
b‘ .
30 CF3 .

H”cl‘-o‘mcm —@-coo—(l:*n- (CH,) s~CH3 ...[10]
CF3

stclz‘omm —@-coo-clz*n- (CH,) s~CHj ... [11)
CF3

35

’ 40
stcn-o —@-coo-cl:*n- (CH,) s~CHj ...(12]
45 _CF3 .
Hzxc1o'0@coo —<: >—coo-c*n- (CHzl) s~CHj ...[13)
50 |
CF3

585

10



50 The thus obt ai ned - T

1, 2,3, 4-tetrahydro-6-n-al koxynapht hal ene-2-carboxylic acid is allowed to
react with 4- hydroxybenzoic acid béﬁ%9ﬂ3eg%%ﬁ1u5|ng

4- N, N- di net hyl am nopyri di ne and net hyl ene chl oride as sol vent whil e adding
dropmﬁse a sol ution of N, N' dicyclohexylcarbodiinide to obtain

4-(1',2 , 4-tetrahydpQ- 6 -n- al k - napht hoyl oxy) benzoi ¢ aci d benzyl
ester. The t huslgchfcm @a oo-c*n-(CHz>s-CH3 ... [14]
',2',3" ,4-tetrahydro-6 koxy 2= napht oyloxy)ben20|c acid benzyl ester

IS 55 poueed in a solvent such as tetrahy&afuran, and reduced with
hydrogen gas in the presence of a reduction catal yst such as a catal yst

conposed of pall adi umeg msqr bon t bt ai n
@ oel-k@-cw- CHola-685) benzoi ¢ -acild>®113

4-(1',2", 3", 4-H@Csen Do
y, an ester co ound obt ai ned from

EP 0 431 929 Bl Subsedwg

Joe

hydr oxybet#zoi ¢ aci d and al cohol haV|ng arFEasyrmmet - ric carbon atomis
allomed to react with

4-(1',2',3" ,4"-tetr - - aLéng - )ben20|c aqii1@

obt ai ned in t hBiskss 6 R@% (}:“éﬁ%lnoﬁyrl di ne andC{rret hyl ene
chloride as a sol vent e addlng dr opwi a solution of

NN - dlcycﬁohexylcarbodllnlde to obtain the'%arboxylate conmpound of the 5
present invention. The process as nentioned above is given as an exanple of
the processes fo at oyRgs) 2 the invemyyon, and
i t \shoul d be coﬁg?fﬁgmﬁgo%(gﬁ 3#@% Fn?he ) nvent| on are
not{ljmtgd to the above-nentioned process. in Flg 1is aferr]-NWR
spectrumchart of R-1"'- trlfluoronethylheptyl eSter of 4-[4-(1",2",3", 4"-

10 tetrahydro-6"-n-deg - 2" - napht hgyl oxy) benzoyl oxy] benzoic aC|d of t he
foll owi ng for mi;gCigeQH ’ 4@ 000-CF B+ (CHx L Qi y | ateié&hpounds
of the invention prep nentlohed process. [ERR] [ERR]-

t he abovessnenti oned fornul a, nunerals 1 to 14CFxndi cate the nunbers of
hydrogen atons, and the 30 nunbers correspond to nunbers attached to the

peaks shown in Fi in F \S a ferr]- spectrum ¢ t of
R-|"-trifluor orkas ﬁ%mw-@@—@ ng;q&%s-&% .es ﬂ"’sﬁ_
z

t edahydr o- 6' - n- decyl oxy- 2" - napht hoyl oxy) ben c acid of the follow ng
formul a s¥l ected out of the carbox- yIate co finds of the invention
prepared by the above-nenti oned process.

CF [ERR] 50 In the abo tlone or Ia nunerals 1 to 14 indicate the
nunbers of hydﬂmj-’am an@'éiodﬁliz)tsocﬁurrbers b#Qkched to
t he peaks_shown in Fig. homn I'mFig. 3is [err] NMR spectrum chart of

R-1""' - tr|§luoronethylheptyl ester of 4-[4-(1"GCFs 3", 4" -
t et rahydro-6"-n- heptyl oxy-2"- naphthoyloxy)benzoyloxy]ben20|c acid of the

followi ng for ofg§§ gf; carbégélate cqggounds oglahe

i nvigntion prep ?gé°b
CF3

40
Hlscs'Q@:)*coo-@-O—coo-clz*a— (CHy)s—CH3 ... [22]

CF,

3}108‘0\@:)\600.@-0—&0-(':*5— (CH)s~CHs  ...(23]
50 .

CF3

\

56
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14 EP 0 431 929 Bl [ERR] In the above mentioned formula, nunerals 1 to
15 indi cate the nunber of hydroge ﬁlli § the nunbers correspond to
nunbers attached to the peaks showff |9§ The carboxyl ate conpounds of
the formula [A] obtained in the rranner now descri bed may be used, for 20
exanple, as liquid crystal compounds. Particularly, the carboxyl ate
conpounds havi ng opt jga activit ma be used as ferroelectric or anti-
ferroel ectri By4Cy60] 00N Jo-g#AR (CRYRe.H, at e. colppunds as
menti oned above, th resenie fc|| lowi ng formulas [5], [8] and
[13] exhi bit particularly excellent Iiquid cgystal properties. 25 [ERR] CF3
45 The phase transition tenperatures of the conpounds represented
respectively by the fornmulas [5], [8] and [13] which are -particularly

excel l ent as I|qU| d crystal corrpounds are shown in Table 1. In the tables

that foll ow, resents a |raI

smect i cﬂphaséCE WWCPD i’g &gnﬁ'fﬁg | so repre[?gnts an
isotropic liquid. 50 55 15 Bl Phase transition tenperature
Compound Cry- SnC oP smA 3 SnC-SmA SmA-1so 10
[1] [err] [err] [5]
[err] err [err] [8] <-30 C

[err] ™ 1 [13 -14 CIn the liquid crystal
conpounds of HpJ034+0 ,c v‘]@‘ e\ DgeH 2R3V E-CHECt | ¢ phasiR€élver a wide
20 tenperature range I 14 V\hen conventional liquid crystal

coh=p0unds are used si ngly dhere are cacp ly known |iquid crystal
co ndg assumi ng snectic phase over a w de tenperature range as w de as
[-e;TQT}J as in the case of

525012'0 @‘co ~C*H- (CH,) 5-CHg .o [27)
cr3

25

[~]

-
a Hzacn"“ @‘co ~C*H- (CHy,) s~CHs ...[28]

35
' R @ ~@O‘°°’°*H- (CHy) 5=CHs ... 129]
9
40
31909-0@ -‘co-c*n— (CHz) s~CHs ... 130)
® CF3
Hy39Ce~ m @‘CO -C*H- (CHp) 5~CHj ...131]
50 CF3
55

12



t he above-nenti oned conpounds of the invention. The liquid crystal
conpounds of the invention assune ST&RE § @ﬂﬁ; over a W de tenperature
range, 25 and optical -sw tching el enents préepared using such liquid crystal
conpounds are excellent in high-speed response. The liquid crystal
conmpounds of the invention nmay be used singly, and they may al so be used as
liquid crystal conposjti n ture with other liquid crysta
conpounds. Wm Yéb ab*RoyoRynecHef the invenkt3Zn nay
be used as a p} nci a chjral smectic liquid crystal 30
conpositien or the conpound nay al so e gp d as a minor ingredient in a
liquid crystal conposition contalnlng ot her conpound assum ng snectic phase
as a principal ingredient. In either case, at |east one of the
above-nentioned liquid crystal conpounds of the fornmula [A] is contained in
the |iquid cryBeatarhenisiosmnodds asfoxerprifiadnaheyp Max be jpreperpt by julfising aceopbingtion of
corrposMWné‘"Q)“l“sV'Pi@s!sl‘RF@mLP%n the content of the liquid crystal co ound
of the 35 for nfisr Sxamele. e ghoyerexpmpitied,carhoxyiaie cofRpOIdE May, Pe. pYathg "!S°“?58 Y€y
wei ght basedsdppta ssdhsiedibelanunt of the Iiquid crystal materials present in
the conposition, taking the characteristics, of the liquid crystal conmpound
used, the viscosity, N erature- and application of the

conp05|t|5n into con3| E:)on e liquid crystal ng s useq in the
i nvention, either B ™0 or nore, may be incorpo ¥ e l'iquid
crystal conposition. 40 In liquid crystal conpounds ch exhi bi t
fedsoelectricity like the carboxyl ate Qunds us in the invention, an
optical swyitching phe QOH nd CQBSﬁP n of}vol tage thereto
and, therefore, dige ces havi ng good response nay pe prepared
therefrom by utilizing this phenonenon. The ferroel ¢ctric}liquid crystal
conpounds used in s c% N sdtayclehexrkcarbadddmisiedd{abovel are t hose
assum ng any one of ameRhy ?n%n%¥}9¥;49|3hase a chigjal sngctic F phase, a
ral smectic |

chiral smsctic G phaSe, a cniral Snectlc H phase, a ch
phase, a chiral smectic J phase d a chiral snectic K phgse. However,
dlsplay devi ces using these liqui dgsegy nds are generally slowin
gg nse speed except (3} Ot o@ géﬂ’r’ iral smeq¢tic C phase (SnC*
Accor di ngl RO -» with a chiral snectic C phasg¢ having a quick
response ¥peed has her et of or Qgeg%ggnéé £fra® be advantlageous in
practical use. However, the f rroelectrl iquid crystal donpositions may
be used not only in the chir snectic C 50 phase but alsdq in the snectic A
phase by utilizing a method of driyweRg display devices injthe smectic A
phase as proposed previ ¢oo inventors (Jaganese Pat ent
Application No. 15780 Because the liquid crystal gonpounds of the
i nvention exhibit nore than t,wo stead states e P i qu d phase such as
g rodtin

a chiral snectic F phase er than that of a
Chl&§| snectic C phase, cal swtching in
the sanme ganner as in the case of ajpsnectic 55 A phase Accordi ngly, by
using the liquid crystal conp03|t|o&s of the invention containing such

car boxyl at e conpounds a BQt | gned be obtained liquid
crystal el ements havi ,C c?ﬂ'@%og%er ature range and

hi gh- speed el ectri cR@p orrespondence

That is, 1,2,3,4-tetrahydro-6-n-alkoxynaphthalene-2-carboxylic acid is obtained, for example, by reflux-
ing a mixture of 6-n-alkoxynaphthalene-2-carboxylic acid and 1,2-ethoxyethane in the presence of metallic
sodium while adding dropwise isoamyl alcohol.

50 The thus obtained 1,2,3,4-tetrahydro-6-n-alkoxynaphthalene-2-carboxylic acid is allowed to react with 4-
hydroxybenzoic acid benzyl ester using 4-N,N-dimethylaminopyridine and methylene chloride as solvent
while adding dropwise a solution of N,N'-dicyclohexylcarbodiimide to obtain 4-(1'.2",3',4'-tetrahydro-6'-n-
alkoxy-2"-naphthoyloxy)benzoic acid benzyl ester.

The thus obtained 4-(1'2',3'.4'-tetrahydro-8"-n-alkoxy-2'-naphthoyloxy)benzoic acid benzyl ester is

55 poured in a solvent such as tetrahydrofuran, and reduced with hydrogen gas in the presence of a reduction
catalyst such as a catalyst composed of palladium on carbon to obtain 4-(1',2',3',4'-tetrahydro-6'-n-alkoxy-
2'-naphthoyloxy)benzoic acid.

13



EP 0 431 929 Bl Table 2 nmentioned bel ow shows a case wherein a liquid
crystal conpositi.on cones to have yﬂgr @Bﬂ;e transition tenperature
range by using such carboxyl ate coﬁB R 92 nti oned above in the
conposition. As shown in Table 2, the Iiquid crystal conposition cones to

hav'(f,‘l a W der gfaaRntly ! A3tel bdtpodn@ TPEHEH tonEhyiRBENnBiY al® hidhicohol having an asymmet-
R-1"" -t ri f iubanaiohyis Rfidwe lto RsabSHith (1" 2 3, 4"-totrahydro-6'-n-alkoxy-2"-naphthoxyloxy)benzoic acid
4-[4" - (1", obtaindd inthe bisivé SBY dsiny ﬁﬁ,ﬂdﬁﬁéﬂ{yﬁ?ﬁlhopyﬁdine and methylene chloride as a solvent while

2" - napht hogabing Wobwise 8 sbiotow |ob BIN-Gicyiohédydarbddfimia® B06KHIA the [tabkyRRNddmpéalink @Nthed t h
a |iquid coryseitadventioi.eri al represented by the following fornula (B). [ERR] |
CF3 Concr et el meessdsmipntidnbdbabioVecis givanraa as bxample of herpreceases fae p@parihg thecérbexylate
snmecti ¢ phaseounds bfi thruingentions esl if should b corjsteverd [that the [carbexylataivoinpounds af tthwi imientipnt he
t ransi t i orer¢ entjimited ttathe alwie-GentioedProcess. [err]. 20 25 30 35 40 45 50 55 17

EP 0 431 929Si®wnimbbel B aPHANMR speciruyi ¢hadof Baihyiipererpathylhepiyhpsianef 4d#'-(1".2",.3" 4"-
SmA- | S0101getra@m@"sq-qqcyjpp(y-a“-naphthoylw)bgﬁgyloxy] benzoic acid of f{e- foligwing formula selected; for
Sncr [ 5] example, out of the carboxylat[a é?rpqounds of the invention[péqpprfd by the above-mentioneti é’f°FTss'[ 5] 50

wt % + (B)50 wt % <-[err] [err] [err] (B)
[err] @ [err] Note: ZgFin t he above Tabl e,
[ 5] repgsesents t he conmpound r :‘E es(t)aorlt tego_'@‘_edd_ ‘ﬁ%zf(qu)ﬂ@."s 25 [ ERR]
@4 i i P
~ @ "
s =

g (ClyJaCly Oy

P L e T T
Sy
e L b —4

g R L L T
P RRT T I R T LT g

® © @0 04RO ¢O

25

@.---._-----------.-
@---_..--.----_--.-.-

@_

) In the above-mentioned formula, numerals 1 to 14 indicate the numbers of hydrogen atoms, and the
30 numbers correspond to numbers attached to the peaks shown in Fig. 1.
Shown in Fig. 2 is a 'H-NMR spectrum chart of R-1"-friflucromethylheptyl ester of 4-~(1'2'3'4"-
tetrahydro-6"-n-decyloxy-2'-naphthoyloxy)benzoic acid of the following formula selected out of the carbox-
ylate compounds of the invention prepared by the above-mentioned process.

[ [ CURENPRRRYPPYp

35

CFg
® C00-C* -Gl (CHy ), O
" €00 Hj-Cllg (Cli ) Tty
C @--- iH AR
w @--- L R
e EE
; UollphOptlal 27 fiit L
SR I PR

)
1] [} [] .
3 ©C WO ® @ @
50 :
In the above-mentioned formula, numerals 1 to 14 indicate the numbers of hydrogen atoms, and the
numbers crrespond to numbers attached to the peaks shown in Fig. 2.
Shown in Fig. 3 is a '"H-NMR spectrum chart of R-1""-triflucromethylheptyl ester of 4-[4'-(1",2",3",4"-

tetrahydro-6"-n-heptyloxy-2"-naphthoyloxy)benzoyloxylbenzoic acid of the following formula selected out of
s5 the carboxylate compounds of the invention prepared by the above-mentioned process.

14



CF3 30 and 35 (B) represents the conpound represented by the
followng formula. [ERR] CF3 45 Q Hﬁ&} ,I | iquid crystal conpounds
whi ch can be used together with the 'g d r@stal conmpounds of the
above-nmentioned formula [A] in the liquid crystal conpositions of the

i nvention include (+)-4"-(2"-

nethylbutyloxy)phenyl 6- octyloxupaphthalene 2- carboxyCF9 acid ester,

- decyl oxyphenyl - 6- ((+) - 2" - et hyl b lic acid
ester 50 55 18 EP 0 431 929 éﬂ. : E?‘QK@% type %38‘.‘. M}r‘.’ Pst al
conpoundsssuch as 20 25 [@R=j--HoH & z»xy ype |igwd crystials compounds such
as [ERR] benzoic acid gﬁter“t gL Uy crysta ¢onpounds'such as.40 45
[ ERR] 50 55 EP 0 43¥'929"B
crystal conpounds such as [ERK
such as

a‘phenyl type I|qU|dccrystaI cdnmpounds

10

g (CHa )4 CHp Clg

® D B 36D Doy 20 606G ®

15

In the above-mentioned formula, numerals 1 to 15 indicate the number of hydrogen atoms, and the
Y, numbers correspond to numbers attached to the peaks shown in Fig. 3.
. The carboxylate compounds of the formula [A] obtained in the manner now described may be used, for
b 20 example, as liquid crystal compounds.
Particularly, the carboxylate compounds having optlcal activity may be used as ferroelectric or anti-
forroslectric liquid crystal compounds.
Of such carboxylate compounds as mentioned above, those represented by the following formulas {5],
[8] and [13] exhibit particularly excellent liquid crystal properties.

H2:C10-0 mm —@- C0o0 -@-coo-f*n (CHzy= CH, ...[5]

25

o
30 CF;
H -

15C7 0\@:()\:00 —@- Coo —@-coo-c*n (CH;¥3~ CH; ... (8]

85 |
CF5
S*-'" H31C10-0

s B21C10 00 oo—ci*n- (CH;) s~-CH3 ... 13}

' CF3
45 The phase transition temperatures of the compounds represented respectively by the formulas [5], [8]

and [13] which are particularly excellent as liquid crystal compounds are shown in Table 1. In the tables
that follow, Cry represents a crystal phase, SmC represents a chiral smectlc phase, SmA represents a
smectic A phase, and Iso represents an isotropic liquid.

50

&5
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[ ERR] terphenyl type liquid crystal conpounds such as 20 [ ERR] 25

cycl ohexyl type liquid crystal nggﬂpgﬁ %ahas [ERR] 35 40 and pyridine
type liquid crystal conmpounds such ﬁ%? en display el enents, for
exanple, those as will be nentioned later, are forned by using the liquid
50 crystal conpositions of the invention, additives which can be
incorporated into ordinary liquid cryst@abkdambositions, for exanple,
conductivity inparting agents and |lifetinme inproving agents, may be added

to the present_liguid crystal conpositions in addition to the
above- ment i gned car hoxyl gt e conpounds and other |iquid crystal conppunds.
Furt her, didhroic dyes can he in®dasersransibionitemperatiyre 3 onposi -

tions of thg invention en sald liquid cr;stal
| i quid crystjl _CGompeands (| A Drs Sm2 ] :
di chroi sm of} dyes. The lifquid crystal co posi tions of fhe i nventionl may be
pr epar edo by n1X|n 621 he ajove- nedPi ®Red carpoxyl ate compound? W& h of her
liquid crysti ounds {and addltlves i f desired, 20 EP O 431 o9p9 Bl

Li quid crystal ggﬁnt The quuFﬁ %?ystal -len%ﬁts aCCnrdlﬁﬁ t & the| present
I nvention arfe nom1 | ustjat ed hergi pafter W eferenge t 6f A) and
6(B) each s -MAng gisection ofg'%é ﬁbodi ent 6? $QUIH 325 eIe -%ts of
the 5 i'five ion.1 e fi [ el enent of 1he I nvention
COITpriSES basrca o C 65 onpouscu. v e Siv of o e

substrates 6la and 61b facing each other, and a liquid crystal material 65

chaxged into ausp @cr&‘h wﬁp{ams Q?ﬁ%@é?\ﬁ&lahgnysd&h?&fn&t E3unfdléheithnBsbbver! dWide
ot h% V\%dsempg @,e Lo in®dams yst al el ement of the invention conprises
basically a eﬂeim@@mﬂcr@iau tiRpotinta She’ @b@ Sindiy, Aherdbhe GddicelyN@bva Rjakitchsstal
simply cal Icaﬁbom tabming Rt phdse 000 1alviidel 1 pBRALIE raR oabEwidilast 106 €126 /e Base an d
a liquid crissbébe-nthfonéd @mpbindci#eGRentiont o t he space 64 of the cell 63. In
t he subst r at eme diguid@aipstal eomsbusds @i the ivbntibie asstime sreectd pliabe ovena wide ltemperature range,
t ransparzentand eplichl-smitehihg plersantshprapaten aisisg suck liquidseripsdl cap@urals aresexcelibre rirehigh-spsed
made of gl zesgonse. a transparent plastic such as pol ycarbonate, 4-
met hyl - 1- pentTadquicbérystak compounds pictheyinvention anay bp heed Singl lagdinesf ingy alagdl uged as liquid
co@. yner  ofystelt ¢opipesifionsy indadimbdures witt oiper] g caysigl paspeynds - ftps guamelee the liquid crystal
. compounds of the invention may be used as a prmcipal fngredient in a chiral smectic liquid crystal
s0 composition or the compounds may also be used as a minor ingredient in a liquid crystal composition
. containing other compound assuming smectic phase as a principal ingredient.
In either case, at least one of the above-mentioned liquid crystal compounds of the formula [A] is
contained in the liquid crystal compositions of the invention.
In the liquid crystal compositions of the invention, the content of the liquid crystal compound of the

35 formula [A] may be 1-99 parts by weight, preferably 5-75 parts by weight based on the total amount of the
liquid crystal materials present in the composition, taking the characteristics, of the liquid crystal compound
used, the viscosity, operating temperature and application of the composition into consideration.

R The liquid crystal compounds used in the invention, either one or two or more, may be incorporated
' into the liquid crystal composition.

40 In liquid crystal compounds which exhibit ferroelectricity like the carboxylate compounds used in the
invention, an optical switching phenomenon is induced by application of voltage thereto and, therefore,
display devices having good response may be prepared therefrom by utilizing this phenomenon.

The ferroelectric liguid crystal compounds used in such display devices as mentioned above are those
assuming any one of a chiral smectic C phase, a chiral smectic F phase, a chiral smectic G phase, a chiral

45 smectic H phase, a chiral smectic | phase, a chiral smectic J phase and a chiral smectic K phase. However,
display devices using these liquid crystal compounds are generally slow in response speed except the
compounds assuming a chiral smectic C phase (SmC" phase). Accordingly, driving with a chiral smectic C
phase having a quick response speed has heretofore been considered to be advantageous in practical use.

However, the ferroelectric liquid crystal compositions may be used not only in the chiral smectic C

so phase but also in the smectic A phase by utilizing a method of driving display devices in the smectic A

phase as proposed previously by the present inventors (Japanese Patent Application No. 157808/1987).
Because the liquid crystal compounds of the invention exhibit more than two steady states even in

liquid phase such as a chiral smectic F phase having a degree of order higher than that of a chiral smectic

C phase, they are capable of performing optical swiiching in the same manner as in the case of a smectic

s§5 A phase. Accordingly, by using the liquid crystal compositions of the invention containing such carboxylate
compounds as mentioned above, there may be obtained liquid crystal elements having a wider liquid
crystal temperature range and high-speed electric-optical correspondence.

conpos'tlons are usgd in
SmA o SmA~IIS® | hi
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When a gl ass substrate is used in the above case, an under coat |ayer (an
unnecessary conponent perneation preéﬁahbpg%i§¥er) conprising such a
material, for exanple, as silicon oxide or e like may al so be provided on
the inner surface of the glass substrate in order to inhibit deterioration
of the |iquid vdbiesd mbntidhddedelon! sholistslcadsl whéréin @llidid oipst@ifcompdsibri condBTi® AR la Wided M
sai d gl ass ghkst ransiton tBfdperature Tinge thiy aRmP asieh tarlsobtfidé Icarbgund\vaE MmehtionddS abdveg Inathe
substrate, haspasitibhisslshassin Thblé 2,0the (qudicrysal danipositivn icomesDis thavdasseiger phasettiagsition
present i nveempechye tangs by nsing Bi1'Sdriflbaroratiwiheptyl casep afr €14t-(11.2"68X it ieaty o St'-derylosy-
as the traniaaphihoyioulberzoriteibenzbin aciddhe cerspwsitiant in| wmbihatiom eitivfa fighid crystal material

t ranspar ent repiésentechipycthe folipyingdormuls (Bdxi bl e transparent substrate or both of

them may be flexible transparent substrates. 25 Useful flexible
transparent substratesgqclpgee, for nple, filnms made of pol yner
materials. |dCutHmtOsdO) {t e}-608 Fﬁoagi*ﬁf‘l(ﬁgzﬁa?@d above, -udBdl 1y an

el ectrode™2a and 62b conposSed of indrumtinljoxide are provided on the
i nner surface thereof, that is, the surface fRat faces toward the |iquid
crystal material. In the invention, a transparent el ectrode substrate

conp_osed of a E)gn% %R,ag SQJ etkg ITiarsQ ggn f-ti&t{g ré%tln'x o; M\Tﬁ% sﬂxgd}cm%as%%lﬁ\f&id rises from
e d,s " . ) 3
Enspar of %S&q‘?‘%e rﬁ "ﬁ; gﬁﬂogger %@np%g, -%él@gf)g?i%g i nd?um oxi de

@Qni fth
transparent el ectrode nay be Torned,
or tin oxide on the surface of transparent substrate according to the
met-hod, per se, known. The transparent electrode is provided usually to a
thﬁgkness of from100 to 2000 A In the liquid crystal elenent of the
invgntiong it is preferable that an orientation controlling film
(orientation layer) is provided on the inner surface of at |east one of the
two sheets of substrates, 35 particularly on the inner surface of each
substrate. Fig. 6(A) shows an enbodi nent in which two sheets of orientation
controlling films 67a and 67b are provided. The orientation controlling
filmused2in the invention includes organi.c .or . .inorganic filnms nade of.
polyi m de, silicon oxide, polyvinyl alcohol, polyam de, polyester or the
like. O these filns, particularly preferred is a polyimde film 40 I n
preferred enbodi nents, for exanple, when one sheet of the orientation
comtrolling filmis provided, this one sheet of the orientation controlling
filmis c¥nposed of polyinide, and when two sheets of the orientation
controlling filmare provided, at |east one of themis conposed of
pol yi mi de, preferably both of them are conposed of polyimde. The polyi m de
used in that case may be any of polyim des so long as they are pol yner

mat eri al s,A5 having imdo linkage in the nolecule, and such polyim des have
preferably those capablity of filmform ng. Concrete exanples of the

pol yi mi des include Uprex R (a product of Ube Industries, Ltd.), Sunever 130
(a product of N ssan Chem cal Industries, Ltd.), OPTOVER AL1251, JIA-28 (a
product of Japan Synthetic Rubber Co., Ltd.), KERMMD 601 (a product of

Ni ppon Poksyi m de Co., Ltd.) and HL-1100, LX-1400 (a product of Hitach

Kasei Kogyo KK.). However, the polyimdes used in the invention are not
limted to those 50 nentioned above. As stated above, the polyimdes used
in the invention are resins consisting essentially of a polymer materi al
having i mdo |linkage. The orientation controlling filmused in the

i nventi on® however, may contain other resins such as polyam de in addition
to the polyimde in such an anount not to have an adverse effect on
characteristics of the polyimde, and such resins may be those containing
other structural units in

50
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55 addition to imdo structural units. Wen one of the.orientation
controlling films is froma naterl?god)%#qe%?wan the polyimde, this
orientation controlling film conpo mat eri al than the polyimde
may be conposed of an organic or inorganic material. 21 EP 0 431 929 B1
Exanpl es of the orientation controlling filmconposed of other materi al
than the polyi m de include those conﬂ'@&&-&f such resins, for exanple, as
pol yvi nyl al cohol, pol yam dei m de, polyester, polycar bonat e, polyvinyl
acetal, pg s bloride _po LD acetate.paolyanide.nol ystyrene,

si | oxanes pol yi m de, cdllulose resin, nmelanmine resin, urea. rfsin, acrylic
resin andlel ectricall angdBhase transition temperatures opjlbnt ati on 5
controlli filmmay HBe a cured arjicle of cycljized rubber Pphotoresi st,
phenol no gP%"%‘St%Fsi st or el ecfron beam phdt or¥™R~dSSuch as pol ynet hyl
met hacryl §te_or CPOXI |z d 1 4 pol L/b urt her, ct*he prientation

‘ J_ ¥
cont r ol 177 pG2ERRALRIOD S : < am=1a -‘-4’;;* exanpl e,
Si O [err] r.; orf[er b he qrie to nct)ntrollingfilm
may be fol £ z og rg4a_ o act with a 10
liquid cr %m < 6 u epeggl 8 the yatgyialj used for
hﬂmrg—t—h':—amm

form ng £ pbned resin is
appl i ed,” by r’r;gn&c of ppin coating} a rga_g;g Frei n the thus
coated re errtrodwirereTTT is lamnated, a
met-hod wherein a photosen5|t|ve resin is applied and then cured by
|rﬁad|at|0ﬁ obkth an energy ray, and a nmethod wherein an inorganic naterial
is ge osbted 15 Furthernore, the orientation controlling film
(orientation | ayar thebabbee MBS, [5]r repeeBkatsbyhe heshpgainagdsor ption of
an organosil ane coupling agent or a pol ynucl ear conpl ex of carboxylic acid,
or by rhonbi c deppsesentedfbyithie doldlowdagoformala; ke. The orientation

| ayer may al so be formed by applying a polyinide resin on the transparent

el ectroce, followed by rubbing the coated polyimde resin in a definite
direction. The g{iéyq_ti ( ayw _nay o for to serve

si mul t aneously a#? g i Fpobﬁ@ﬁm 0 )1 CRRTCH{GHATS SHs of

t he transparent substrates 61a and 61b illust ed abo are arranged in
sud a manner that two sheets of the transparent el ectrodés®62a and 62b are
formed dh the two sheets of transparent substrates, respectively, so that
said two sheets of the transparent el ectrodes face each other, and that a
space into whiclng liquid crystal material is charged is forned by these
two sheets of the 25 substrate. The width of the space thus forned between
the subsirates i(p)ugeprégedts xhd doipohindPrepeésehtied by thderr]. Such a
space as nentioned above nmay readily be formed, for exanple, by arranging
two sheets of tifel3owihgafermula.osition so that the spacer is held between
sai d substrates. The thickness of the orientation controlling film as

illyustrated above is in the range of usually 0.005 to 30 0.25 [err],
preferabby 0.01yf g 0. 65“ -@-COO-C*H(CH:’)‘;‘ CHs

45 Examples of liquid crystal compounds which can be used together with the liquid crystal compounds of
the above-mentioned formula [A] in the liquid crystal compositions of the invention include (+)-4'-(2"-
methylbutyloxy)phenyl-6-octyloxynaphthalene-2-carboxylic acid ester, 4'-decyloxyphenyl-6-((+)-2"-methyl-
butyloxy)naphthalene-2-carboxylic acid ester,
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55

18



In the present invention, it is desirable that the above-nentioned two
sheets of the orientation controlli i Y8 provi ded respectively on the
: . 4ﬂb 1 ( . .

i nner surface of the substrates so tha e orientation direction of a
liquid crystal material controlled by one of the orientation controlling
filmand that of the liquid crystal material controlled by the other are

nearly parallel to gach o hg@_n_@ e ﬂﬂ@i@].c’.ﬁ EeglE of said 35
crystal materi al arﬁ ’:ér]iwt Pe y;-ct!?‘f)n |the 2qppos?ftﬂsz d:;recti on
fromeach other. However, the arrangenent of theoriemmtion controlling

films as mentioned above is not critical. The orientation controlling filns
67a and 67b have the function in orientating the liquid crystal material in

the desired directign. Accor gengl y he | nigtal . ofJ tion of the liquid
crystal material isHRaPHeR o(?}i A/ éi 'Tcl‘r’ééf'gfgﬁt ekcellent in
contrast, etc., is obtained by orientat'ng the liguid crystal material by

means of %he orientation 40 controlling filnms so ranged that the
orientation directions of said liquid naterial controlled by said
orientation controlling filns_agQ paeal |l el each other in the sane or
opposi te direction, mgcsprpaded o LEFH-CiHy ori,entati on
controIIi{}g films are arranget=N" di SOrdere . Inlthe present invention,
the orientation controlling filmis subjected pref€Hably to orientation
treatment. The orientation treatment as referred to herein is intended to
designate the treatnment for orientating the 45 1liquid crystal nolecule in

t he—pr edet ergriash whd IRGEH cystal chgourdsatah 8, @ pol yim de film may be
orientateg by rubbing said filmwith cloth - or the like in a given

direction. The cell used in the i ntion copprises two sheets of the
transparent substrates 61 a 5@,9%%'% cessary, with the
orientation controlling filnms 67a b, ectﬂ%\gel y, In the manner now

descri bed, and a space 64 into which the liquid crystal material is
charged. &he space 64 may be forned, for exguple, by putting spacers 68
as inner sidewalls between t uls » N By virtue of

provi di ng the spacers 68 in‘?ﬁ@ gan ??Jeﬁ%?to be filled with the
Iig.lrj/id crystal material can be secured and the liquid crystal materi al
charged into the space 64 can be prevented from | eaking. The space 64 can
be for nedsobfz%iWPQ"?‘PFec’%%@Hﬂqf?‘@Héﬁ spacers capabl e of form ng

sidewal | s. Alternatively, the space can also be formed by m xing particles
(internal spacer) having the preget i ne _Q@_(_:ée%’(cji aneter 55 wth the
liquid crystal material. UsefLﬁai’p “hpe pater) as referred to
above includes, for exanple, a polyimdelype polymer material obtained by
patterni ng of a photosensitive polyimde¥recursor. By virtue of using such
a spacer as nentioned above, a nonodomai®is formed by interfacial effect
of this spacer with the liquid crystal 22 EP 0 431 929 Bl material. The
Ori\'g,r}_-t ati on Heholt) 2310 @st6MARAGUIE Srpstd kefpolis isithegr at ed i nto one system by using
a concents c circular or conb-like spacer which is serviciable as an
orientation film In addition to the use of the above-nentioned spacers, a
gi ven space can be forned b t_@g r_q@)_b ixing fiber with the
liquid crystal material so ?h\gﬁs&e s??éte r%ﬁe gi ven space 5

t herebet ween by the presence of this fiber. In that case, noreover, the
liquid crfstal material can be m xed with particles (internal spacer) in

epl ace (C.H;5) O coo CN

55
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of the fiber, or may be mxed with the fiber together with the particles.
The particles as referred to abovethﬁQUQ% ose nmade of nelam ne resin,
urea resin or ben- zoguanam ne resi i 8 a particle dianeter of from1l

to 10 [err]. 10 The width of the thus fornmed space between the
substrat escicfohaauat)dxyhcfae.eest& .ﬁna@d.ir@atarutompiaﬁietercalaéy from1 to 5 [err] and
especially from1l.6 to 5 [err In two sheets of the transparent substrate

so arranged as to forma space therebetween by neans of a spacer in the
manner descri bed above, th EFB’ § §f bstrates are seal ed

O 1£§2>—
usually sMth a sealing con§: g conpound i ncl udes epoxy
resin, silicone resin, ultraviolet ray curing resin, etc. 15 which may be
modi fied with acrylic naterial or S|I|cone rubber In the liquid crystal

el ement of the invention, §<E£>n ? phot oconducti ve
film light screening filn1 |ght | ectin |Inior he I'i ke may be
provi ded?on the opposite surface of the orientation controlling filmforned

on the substrate. In the Bgtld crystal element, the liquid crystal

mat eri al  6BPReOYIdyPe iguidicrysiy RIS 5%EE 64 of the cel|l as 20 mentioned above.
The liquid crystal naterials used in the invention include carboxylate

conpounds represented by the aforenent rmula [A]. In the invention
in parti Bular, it is desirabl el®dus ) 3 al conpositions
contai ning at | east one carboxylate co Of the forrmula [A], though the

carboxyl ate conpound of the fornula [A] may al so be used singly. 25 The
i q-t_.ii"d Cr Y Sdnite gﬁ{m‘d Ristal BRpdYEREd &N as il lustrated above is narkedly
excel | in contras etc., and so may be favorably used as a surface
stabiiized ferroelectric I|qU|d crystal elenent, helically strained type

el enment, transient scattering type elenent, guest host type el enent and
vertical orientation liquid 23 liquid crystal

el enents according to the i n\(;aegnitiii%n (} db?rayst al display devices
and 30 esectrooptical display devrces can be prepared. O the liquid
crystal elenents of the invention, those conprising a cell filled wth a

l i quid crysycdhexybiwproligiid icoystal gampaundsgueh asnmect i ¢ phase can be used as nenory
liquid crystal display devices such as heat witing display el enment, and

| a witing display el enent. LiqU|d crystal display devices or

el ectrooPti cal display devi ces¢ y by usi ng such liquid crysta
el enents, and crystal display devices ectrooptical display devices
can be prepared by using such liquid crystal elements. In addition to the
above-nentioned applications, the liquid crystal elenent of the invention
in which_a liquid crystal conposition containing a carboxyl ate conpound
havi ng ferroelectricity is contained can be used as liquid crystal elenents
such as optical swtching el 0. /9Nl i/e8 tter and liquid
crystal printer, piezoelectri gﬁel e s (‘3 p J ?(ytJri c elenents, and
qung crystal display devices or el ectrooptical 40 di splay devices may be
pr epar edgby using such liquid crystal elenents. Nanely, when a chiral

snecti ¢ C phapwiding typeNRguiddryenil ddmporgdsidaen dsi qui d crystal materials used in the
invention, the chiral snectic C phase thus formed exhibits double state
stability. Accordi ngly, when electric field is inverted between bi-stable
states, optical switching and di spl e rformed by using such lLiquid
crystal 4l enment as contai ni n{Cd1s W d crystal material
assumng a chiral snectic C phase. Fu er, because such
ferroelectric liquid crystal naterial as assumng a chiral smectic C phase
has

When display elements, for example, those as will be mentioned later, are formed by using the liquid
s0 crystal compositions of the invention, additives which can be incorporated into ordinary liquid crystal
compositions, for example, conductivity imparting agents and lifetime improving agents, may be added to
the present liquid crystal compositions in addition to the above-mentioned carboxylate compounds and
other liquid crystal compounds. Further, dichroic dyes can be incorporated into the liquid crystal composi-
tions of the invention when said liquid crystal compositions are used in liquid crystal elements driven by a
85 driving system utilizing the dichroism of dyes.
The liquid crystal compositions of the invention may be prepared by mixing the above-mentioned
carboxylate compounds with other liquid crystal compounds and additives if desired.
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spont aneous pol ari zati on, when voltage is once applied to a cell of liquid
crystal elenent containing said mat eéi’ﬁl éE& (f‘ell wll come to have a
menory effect even after the el ectri 43 Bler ased. By utilizing this
menory effect, therefore, a power consunption of the display device

conpri sing SH&E&Jr,}sBPérQnéﬁgyﬂa" el ement can be reduced. In this case,

nor eover, the display device is stabilized and beconmes very
50 clear. The Y fidulal Wlersmms abtlditg th [theS pre&iint MbenBoRE&b inbw lillubtistod Horainadier| with
conpound Or BRI Fig B(A} Akt 6U8) obldhi sH&Wingd sebtRW/oldhb bRMBRIMEAEE AGURECrFr SISentdf than
be perf or gednwhdoy. by changi ng the direction of nolecular orientation of the
chiral snmecti cThd ffstiiguicCérysidl albmeén® BRa inbnion doraprises Hasicalyl s eolitel @omysosetbaf Ywo sheets of
strength of tenhsatent sobdiiaies 61azp Bibctekirigmatinahet] randy a ligyid chyfstal materidh@bchargedsinto a space
swi t chi ng el @nfemiediBtwesre shid subkaipls 6@ @adi6the Sypates evouls, the firshiguid drystah element of the f
m cr o secondmeatien semprisesahasically afel 63 cimpgiey of e subsieatas i s gndt 61brthersinaitdn simply ealisd t
can be gr eatthy subsieate) deving farmed & spanecid tharebetwrend arrhd Bapid( drystplmetedal $& charged g inay
devi ce) havispgceB4etipes" 8f scanning |ines can be prepared. Moreover,

because this dinstt supskains asanentiepdakove. &t lopsd orR PidhRTe F‘a‘i'lﬁ’Péfa‘?fPa'PQS—v@F ustiahy,sygh Ag
can be easi | YPFR3tPEt ShPsHst As used hereinis mada of glass cor BI'a'EFEf‘ s&r 79 Roly b‘?'?éta’n“s‘
for tenper at NPy EHa 5"",'}’&13? t°hé’PP°'Vf‘ﬁb IMORRRYS| B%Wl?f'“ ‘Fsi Ymer, 9fs? ‘f'e"e and
mat eri al s’%s@ﬁ“ ‘f‘P[ﬂ‘l 1 e; ements of tion are tilted,
g?;f ‘:[ !szlglb?ll fe[r ev%?gin%l ag e rs 8"' a ma rial @2}%% ﬂﬁ)qer;; u zr? Q?Skfgm . also
carL«be condug J%Xo °af he ?et preparr\rlrns'ﬁ? urd

Crygta eLoenen & ﬁ re ﬁrragagrgss aqu@amﬁ%s@a%loloqwﬁzﬁmm&
el errent is i} trated el ow 1 n detal The Tiquid crystal element of the

present i nvent WP1Ro FRer? vBHin AR mBY albé bb L8R taRshaRRONRITRIbMABLEs +0 trafpass
bet ween the subanateBan Mk casd! B426190n6 of 1 trdnBiRrentdubstidlos Mayibd 4 Mbsible trérisp&iérd bubstrate or
mat eri al i NnChogtdrR@michey bs Mot traiEatohtabsttatesir boxyl at e conpound. The |iquid
crystal mad eri @beful Hexbitttatshatsniisabsiryted incimle, for diaiples tilmks enadenat pbiirasr niatdribied
(i njected) in tnhibesalsobstrates@liatand AtdasSifhattatedoaba, aduelly anreleattbda 822 and/i2b @omposed of
f 1111 ng the ipienstn viidehard revidadcpnitiab ioney strfate therbatrtha fis, tha surfece thatt fages towiild thesliquid
iyed Subsegiak matesial. InHee inveytininda ranspargnt elattrode sebsirald campgspdfdf [a] teapispanantt eipstrode
N~ i s usuaimegrally ftyined ercitie aheve mentipnet susirabgnay dlsgrbe usadeas itheisushiate.or i ent at i on
of the |iauid dheangparest plegtiodg mapbe foem MGWI? by @ﬂ“"@x‘@ﬂ‘l‘m ex'debfgr @Ko Af the
t he thus seafudgrecbiransparpnt waftrareweoorqrrg 8" SR pr ese i n t he
cel | is heated Tigrangpamont @'Péﬁﬁi?"é’aﬁﬁi"a'fyd‘a\éfh'c!“ﬁé °ft"ﬂ'@1

said |iquid BT "‘J'I'Pﬁ)L °'°§‘R'H| 'bd‘t 0‘15 %'%?15?& j%ﬁ? %F 8 'gdﬁ'f‘

t he tenperat ?d“" f5h°pe 2

phase. 20%* P:’et:m K;f&l;{?ﬁ?"% ggr t{wgrap 3‘1\b? liment in e& o sheets of
preferably a gfnﬁ“ us Wv&]ﬂé n@lude!srl)r ﬁr@tdr CirlrbL &l@ r%aJealgf
of tenperat UE r:l,x%\g ,d p or’ ﬂaﬂucularly
[ert]/mn, ea,g@,q.é “}z. RS err coo i ng the ce

coolrng r 35 e Wi Srbilr r@anémGﬁs @ eﬁa?np@etvhdﬁedae @ﬁHBV & the orientation controllmg film is provided,

this one sheet of the orientation controlling film is composed of polyimide, and when two sheets of the
orientation controlling film are provided, at least one of them is composed of polyimide, preferably both of
them are composed of polyimide.

The polyimide used in that case may be any of polyimides so long as they are polymer materials

45 having imido linkage in the molecule, and such polyimides have preferably those capability of film forming.
Concrete examples of the polyimides include Uprex R (a product of Ube Industries, Ltd.), Sunever 130 (a
product of Nissan Chemical Industries, Ltd.), OPTOMER AL1251, JIA-28 (a product of Japan Synthetic
Rubber Co., Lid.), KERMIMID 601 (a product of Nippon Polyimide Co., Ltd.) and HL-1100, LX-1400 (a
product of Hitachi Kasei Kogyo K.K.). However, the polyimides used in the invention are not limited to those

s0 mentioned above.

As stated above, the polyimides used in the invention are resins consisting essentially of a polymer
material having imido linkage. The orientation controlling film used in the invention, however, may contain
other resins such as polyamide in addition to the polyimide in such an amount not to have an adverse effect
on characteristics of the polyimide, and such resins may be those containing other structural units in

§5 addition to imido structural units.

When one of the orientation controlling films is from a material other than the polyimide, this orientation
controlling film composed of other material than the polyimide may be composed of an organic or inorganic
material.
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there is obtained a liquid crystal elenment which is excellent in initial
orientation and has a liquid crystzﬂg(i)g&ﬂ ‘|;he terminitial orientation as
used herein refers to the state of ™ar S%RLHV[ of the liquid crystal 25
material before orientation vector of the liquid crystal material is

changed by anpRhadida%t ¥ lolidhtiBor Qntfdilifg finCesbsed of 2ihar médr@RiAline dolylmidbaholudb Bdse
initial origRdoadd @Msull rdshi& thri Skehnle, CdsYisoly@hyl TERbIRY, | plyarhifldirfidd, | Jolyester polyichrBora@AC e
of the |i qpbifvingl 35ti2bol@ll chidhds, BayvRAI dcatatbBidiyarhiod, pEly<ljighoSsiloXale pdivimide, collulose

t enper at ur essi/) Bslinsig resik,tuidadedi, atriiicirsth dd IRABEIY EAGRLDI polyher. Flrtheg ihb atientation

or i ent ats oBontr6liitigritnh iay e arexiréuatictelo? Byciizd Subbérapbetorbsist phenehtovalakiphgorestst or electron
ori ent at i obedm photorebist subteasipolymethy! nidthacrylate emdpoxidized 1B pelphutadiend. IFgrther ihe josdntation
ori ent at i onontrbllirigHitm Imiay be idrwad fromah inaegbric inatbrial; fon exatngle, SR Sid; Ge. M28a,1090s, Zr02,
appl yi ng aMgEd #@efFi.c field using direct current bias voltage to the liquid
crystal nat erfhaoridstationgconfentling fiim MRycbe) formad an the yngercuriace of sachgisiratd In gentagt vilk & he
liquid cpydqud crygial By vasipusgmeihads derepdin ndhq weipel usqd fog fqyping eaid et Wé'éﬁs 3 (pthod

pol ari zi ng ‘”ﬁ?fﬂﬂg‘g abgypreneptoed g ip apPAed: m P'élyégea%ﬁ‘é s%i’???& ﬂ"‘gtB foinghe
pl ane of &“ér"Pi* fesh 'f JeiciEpalsd @ et ‘6I ’P'El%@e Wg\" ’e'" a
70-[err]. PP‘?%?sé?sﬁ'b? sin ﬁf’é’g‘@d then, pused B 'Hﬁd'aﬂ?'b‘f' sa"a?F'%gy IaY éﬂ‘béﬂ‘ P’ﬁeéef'"
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In the present invention, the orientation controlling film is subjected preferably to orientation treatment.
The orientation treatment as referred to herein is intended to designate the treatment for orientating the

45 liquid crystal molecule in the predetermined direction, for example, a polyimide film may be orientated by
rubbing said film with cloth or the like in a given direction.

The cell used in the invention comprises two sheets of the transparent substrates 61a and 61b
provided, if necessary, with the orientation controlling films 87a and 67b, respectively, in the manner now
described, and a space 64 into which the liquid crystal material is charged. The space 64 may be formed,

s0 for example, by putting spacers 68 as inner sidewalls between the substrates 61a and 61b. By virtue of
providing the spacers 68 in this manner, the space 64 to be filled with the liquid crystal material can be
secured and the liquid crystal material charged into the space 64 can be prevented from leaking. The space
64 can be formed by using the above-mentioned spacers capable of forming sidewalls. Alternatively, the
space can also be formed by mixing partlcles {internal spacer) having the predetermined particle diameter
85 with the liquid crystal material.

Useful spacer (internal spacer) as referred to above includes, for example, a polyimide type polymer
material obtained by patterning of a photosensitive polyimide precursor. By virtue of using such a spacer as
mentioned above, a monodomain is formed by interfacial effect of this spacer with the liquid crystal
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memory effect, therefors, a power consumption of the display device comprising such liquid crystal element
can be reduced. In this case, moreover, the contrast of the display device is. stabilized and becomes very

50 clear.

The switching element using this chiral smectic liquid crystal compound or composition can be driven
at low voltage, because swilching can be performed only by changing the direction of molecular orientation
of the chiral smectic liquid crystal compound and also because the primary strength of electric fisld applied
to the driving.

55 When this switching element is used, a high speed response of not more than scores of micro second.
can be attained. Accordingly, the scanning time of the element can be greatly shortened and a farge scresn
display (liquid crystal display device) having a number of scanning lines can be prepared. Moreover,
because this display can be operated at room temperature or lower, scanning can be sasily made without
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Driving (display) method of liquid crystal element
. 50

Driving (displaying) the liquid crystal element of the present invention having such structure as
mentioned above may be performed, for exampie, by applying an eleciric field to said liquid crystal
slement.

Namely, the liquid crystal element is driven, for example, by applying thereto an electric current of

55 usually 1 Hz-100 KHz, preferably 10 Hz-10 KHz, and an eleciric field controlled to have a strength of usually
0.01-60 Vp-p/um?, preferably 0.05-30 Vp-p/um?2.

When the liquid crystal element is driven by application of an electric field, the amount of light that

transmits this element comes to exhibit two kinds of hysteresis curves by changing a wave form (driving
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t hat as used herein is intended to designate, for example, in a rectangular wave, a length (i.e. time) of the
slectric field maintained at a given voltage.
To this liquid crystal element, an electric field can be applied while varying it between negative voltage
and positive voltage through OV. In the driving method for developing such bi-stable state as shown in Figs.
so 8 and 10, a hysteresis curve showing a favorable double state stability can be formed, for example, by
varying the applied voltage between -30 V and +30 V. In the liquid crystal element showing a triple state
stability, an slectric field can be applied in the manner similar to that of the above-mentioned case.
Further, to this liquid crystal element may be applied an electric fisld having the above-mentioned wave
form by varying it between 0 and a positive voltage. Namely, a light modulation method utilizing, for
65 example, light transmission properties shown by a hysteresis curve formed at a plus voltage side by
application of an electric field varied in voltage by varying a voltage in the range between 0 and +30 V can
bs employed. Similarly, a light modulation method utilizing light transmission properties shown by a
hysteresis curve formed at a minus voltage side by application of an electric field varied in voltage by
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the invention is in no way limted to those exanples. 26 EP 0 431 929 B1

Exanple 1 Synthesis of  R-1"'-trifl % ptyl ester of
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benzoyl oxy] - benzoic acid 5 First step To a m xture of 86 g (11.8 mml) of

6- n- decyl O&g&%@@%ﬁﬂﬁe%nﬁgmyblt&_3§.9Ic§n @rgj,,pi,g gy M of 1,2- diethoxyethane
was added i N fhelihdid 89§ oRBM PR inferidn ik Supelior ¥ th pﬁi‘r bk fu'ih Fb&:rfstaﬂelﬁnénisaﬁ)ﬂﬁﬁhe
atom) of MekeRbrt blemdr? casY dfifen b Ulizing BwoWingé bY dRviNERethdds Bs MEnRbrRd ploWoudly! Mlitledd Ng
t enper at ur Qetairl fis téthdry Bifest byl sRitabR Seladhie &l debire iivIRG méocdout 31 3Kb tWombthods facdofdingadTy |
al cohol , sangb dohditions urider vhich@ss diivérowed t o undergo reaction for 1 hour under
refl ux. AfterThediqlid reyshihaenestsst mantionatl xbave enay e ruesdinin tapplipasiorst tol wbich bidipary liquid
met al | i ¢ sedistanalameniaiarei appjied,but daid ligoik ¢rystab elerent! s eentipiase dsehw ast dispiagl dienerdn  Of

et hanol , and Thedlispleyelernent inplirdes. ierxampls, & liquid castatiarbe tsainevdisplay. 20Mt-ivforehaticodispley C
acid. 15 forAfse &y capchayigationdieplay Fg(userin epf andhdigplaytfer laptdpspersengt camputeryiThesa rdisplayin
or gani ¢ 1cayaiemenin sansherskivent asgording=ip dferpuippses for whieh theyarqyuead. Y thepboveweationpadiing

wi th wat er .mefieds #ahisipkle sialy liquid pastabelemant i trivgiablp siatpiupe liaud ayvelel elsmeRisure to
obt ai n 4. 25 T'Bf'°"3"‘"§%F‘P‘B°"sﬂ‘i‘é b% givences\paaeniles of e display |°2%’Ef'“9 rsthpd 'ﬂl“ﬂ@'i‘l@eﬂ?se""

obta|n29'qd E34tetrahd06 xn t hal ene- 2
carboxylic éldoié %ﬁ “@“{?’( ' ment of the
5 _.inv y <] 1 ge the
1 2 3 4 }et(?legl:ﬂ lO VG IC 0 anti- eroe UI Cl 03||§ﬁﬁ Sfe %Pthﬁetgé qetlﬂ\t
O i ol o
mol ). of 4 -fer ,e Iene C OI’I
was-added sﬁc?onéf"ul aySJr 'anJ r}ﬁaﬂ% uéuﬁlj]tﬂ% E&Wsﬁi StdntenCof Ro i ﬁb&ﬂm
hOU'\J Thg ra@%%du@&yéﬁ@%aféﬁél%‘h&i% @&m;fo {iUch ﬁsm#gr ichrdic eran iuﬁd thd@ch
hours. The 3 @ld. This B3cshd th&thddas to e‘ﬂbét% éﬂaﬁb 'Iigﬁtraﬁéoﬁbﬂhﬁ\ﬁﬁavﬁlgw rﬁ&h@

Usi ng C0| Urﬂ‘ﬂﬁ'@l&@mfe%&ﬁiﬁﬁ‘h ofentetiorddiediion %f K8 Rlojsculds iW 88 Zdfbelectric or anti-ferroelectric

4-(1', 2", 3'liglld cryadi cahpoiidonGhis ¢sé] @)yesusedare iy idtaipic Aes) Sarnraiies oftfie dichidid t €

solid 30 WalyesSifghaie atoadyed, haphhbduihotbadyes Byaniaé Gyes aid dnthraqiisgde biygdr ogen gas was

passed tdr oughhediquid xdystaleslenient? oflffie thvénforninay Do applicaisle) Bydommonly used display methods in

4-(1', 2', 3'additiontieethe alfvyelmentihedmeth8ds. decyl oxy- 2' - napht hoyl oxy) benzoat e

obt ai ned i n tThe displepdevices efepardd by wsing B9 ligeit! [ceyaitaiuatamsois pbthe dufention may boodrivamtly 30
of t et r amaiods diving methafls, for example; glagtrig taddrens idisplaxisuch as sistic dhvedsioplel matix girive and

pr és'éur e f sempesiioMmetsix diivge apd ghate-widrens dispidve hogl pddrpsst disniay a8g alpsirengbeaa pddgess

whi ch i s¥%a 9¥PBY-r ati on assi st ant and the filtrate obtai ned was concentrat ed

to obtaln 1.59 3.52 Mo
4-(1', :%":-FﬁEqﬂgQ'g L@.@L@}/ NH E&n decyl oxy- 2' - napht hoyl oxy) benzoi ¢
The carboxylate compounds of the present invention are novel compounds.
35 These novel carboxylate compounds are optically active, in which 1,2,3,4-tetrahydronaphthylene ring

and benzene ring are linked through ester linkage, and two benzene rings, if any, are also linked together
through ester linkage. Hence, these compounds assume the smectic phase over a wide temperature range
. and can be proferably used as the ferroelectric liquid crystal compounds.
&,,," By virtue of mixing the liquid crystal compounds of the invention with the same kinds of liquid crystal
40 compounds and/or different kinds of liquid crystal compounds, the temperature range within which the liquid
crystal element can be used may be broadened without marring the ferroelectric or anti-ferroelectric
properties of the liquid crystal compounds of the invention.

Accordingly, liquid crystal elements having a high speed response over a wide temperature range can
be obtained by using the above-mentioned liquid crystal compounds or liquid crystal compositions.

45 Further, scanning time is markedly shortened in the liquid crystal display devices prepared by using
such elements as mentioned above.

When such display devices are used, power consumption can be reduced, a stable contrast can be
obtained and also a low voltage driving can be performed.

By way of the liquid crystal elements of the invention and the light modulation method using said liquid

50 crystal elements, it becomes possible to attain steady state in two forms, i.e. bi-stable state and tri-stable
state.

When the liquid crystal elements of the invention are used, a dark state having a sufficient darkness can
be attained, and hence a very high contrast between the bright and dark states can be obtained and, at the
same time, a favorable memory effect can be secured.

65 The present invention is illustrated below with reference to examples, but it should be construed that
the invention is in no way limited to those examples.



acid as a white solid. 40 Fourth step To a m xture of 0.45 g (1 mml) of
4-(1',2',3 ,4'-tetrahydro-6'-n-decyl A t hoyl oxy) benzoi ¢ acid
obtained in the third step, 0.30 g (%%2%&%@1

R-1'-trifluoromethyl heptyl -4-hydroxybenzoate, 0.012 g (0.1 45 mol) of

4- N, N- di net EF@rgﬁopyri dine and: 10 mM of nethyl ene chloride was added
dropwi se 2 of et hyl ene chl oride solution containing 0.21 g (0.1 mmol)
of N, N -di cycl cymheslscéri-otrifliorahesthpinbilyl Sdsief lof A-QA-aIl", 2T, HIhidhangadaretinktelylaxy-2'T-naph-
peri od of ontoyoyybenzbiplexylbetizele acidvas al | owed t o undergo reaction at room
tenperature for 8 hours. The reaction mxture was filtered, and the
filtrate obt &rshgep was concentrated. The concentrate was separated by using
colum chromat ography to obtain 0.52 g of a colorless seni-solid. 50

FD- mass spect r dmaohixiuig of 8§en{11§anmal) ofbn-deeviaxynaphinaienegiserapplicaasid\and 190 Imhef bp-
738. Fig. 1 dnBoyethangwas pdded in t@?e"IWPPsB Aetht G pith #irise 28 ﬁﬁ@ﬂr‘m) atqm) gfypetallic
t hese resdpt Sodm. pdhesmixiuce §’@§ PR?‘SE 19 ipEeeA@nt i fied to

R1"'-triflu or Jﬁéﬁflﬁ 'xhl@ﬁg aqud pwnse (114 mmol) of |so-amyl alcohol, and the mlxture was allowed

1" 2. 3", 4.. 1 ho Pr 1« he
(it i s L v.j;; P 5'&11 e ;gs;fmdgasgﬂg’zp "e%)"? & %ﬁ%%! e
ley?g_,heS' S ,9 f /L%her adal 3 ]@ﬁ tb h chqn muxturﬁ taﬂ 8 >grmc la);qb év%szsoeg?r t93refron].:_ﬂ1do
431 929 Bl F' w he Eéﬁ{rﬁe er rgcﬁjc&l ﬁrgssm dbtaH 4.25 g of & sohd The solid was

1234tetr ﬁkrﬂ E S {@25-&6-%1 >

y%;oxybenzoate 0. 012 g (0.1 5 mol ) of 4-N, N-di met hyl am nopyri di ne
and 0 m of seghdetéene chl ori de was added dropwi se 2 ml of nethyl ene
chloride solution containing 0.21 g (1 nmol) of

N, N- di cycl ohexylocamihadte i afri 1068 V(5 lmredl)i ofr 1,284-BiratydroGintdecyisyraphitiaieneg-esrbaxylic acid
peri od of onebtaigadrin tehdrst gaw tiiidrg Wammohiof beddylotilydekyberzoate,t G12pg (himumol of AN, 8-
hours. Thes r disethyleminepyridiner endn@d nfi | df treathytbne retfoideewdsi added idepeise aith stimipga st room
concent r at edtempgrature oveFlagedadiof ensthourt e was separ at ed by using col um

chr omat ogr aphy Tihe regeiom es @irigg oy atyporp temperatune das addjfosal 4@ koursi qui d.  FD- nass

spect rum of t hiThe ¢gpHee aitirawes ffgedand dip fitigloyee senqoniraipg. Lsipg Pknnyghrogpiograptly o2.32)
sh a char® (&Fegg}" of RRARYIsh oF £ drmietanvdrer P -qeevigrs g rarhtioyigrnenroste a8 & it Solik
the anal y$®s "% $PLaRGIIHIR PR P-dent i fied to be R-1"-trifl uoronet hyl heptyl
4- 15 (1', 2 ré ' 4' -tetrahydro-6'-n-decyl oxy-2'-napht hoyl oxybenzoate which
was the desi npound [ Exenplified conpound (13)]. Exanple 3

Hydrogen gas was passed through a mixture of 2.17 g (4 mmol) of benzyl 4-(1',2',3" 4"-tetrahydro-6"-n-

35 decyloxy-2'-naphthoyloxy)benzoate obtained in the second step, 1 g of 5% palladium supported on carbon

and 30 ml of tetrahydrofuran with stirring at room temperature and ordinary pressure for 8 hours. The

reaction mixture was filtered by using Celite which is a filiration assistant and the filtrate obtained was

, concentrated to obtain 1.59 g (3.52 mmol) of 4-(1'.2",3',4'-tetrahydro-6'-n-decyloxy-2'-naphthoyloxy)benzoic
N acid as a white solid.

Fourth step

To a mixture of 0.45 g (1 mmol) of 4-(1',2",3",4'-tetrahydro-6"-n-decyloxy-2'-naphthoyloxy)benzoic acid
obtained in the third step, 0.30 g (1 mmol) of R-1"-trifiuoromethylheptyl-4-hydroxybenzoate, 0.012 g (0.1
45 mmol) of 4-N,N-dimethylaminopyridine and 10 ml of methylene chloride was added dropwise 2 ml of
methylene chloride solution containing 0.21 g (0.1 mmol) of N,N'-dicyclohexylcarbodiimide with stirring at
room temperature over a period of one hour. The mixture was allowed to undergo reaction at room
temperature for 8 hours. The reaction mixture was filtered, and the filirate obtained was concentrated. The
concenirate was separated by using column chromatography to obtain 0.562 g of a colorless semi-solid.
50 FD-mass spectrum of this semi-solid was measured to obtain an M/e value of 738.
Fig. 1 shows a chart of 'H-NMR spectrum of this compound.
From these results of the analyses, the compound was identified to be R-1""-trifluoromethylhepty! 4-{4'-
(1",2",3" 4"-tetrahydro-6"-n-decyloxy-2"-naphthoyloxy)benzoyloxylbenzoate which was the desired com-
pound [Exemplified compound (5)].
]
Example 2

Synthesis of R-1"-trifluoromethylheptyl 4-(1°,2",3',4’-tetrahydro-6'-n-decyloxy-2'-naphthoyloxy)benzoate
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20 Synthesis of R 1"'-trifluoronethyl heptyl
4-[4-(1",2",3",4"-tetrahydro-6"-n- - napht hoyl oxy) -

benzoyl oxy] benzoat e Exanple 1 was :%Oé:é{’ig@seé ept that in place of the

6- n- decyl oxy- napht hal ene- 2- carboxyllc acid used in the first step,

6- n- hept yl g sdgpht hal ene- 2- carboxylic acid was used to obtain 0.34 g of a
colorless sem- solid. 25 FD- mass spectrumof this sem -solid was
neasured to okt @infxaas ¥ 33val(ennidl) 6 902,3 deflahydio-BRAEE/IoRy-Rephthdlene2-ciBbuylic BAR
of this corspainédin the fived ddpc 980 lggS Wintol) A REMRiflg oM elhyRSptyl WhhiydroxybstRsat) 4.0vEBg (0.1

I denti fi ed nminwi)be 4NN-diietyiaidogyridine ardr 10f nLiofr lstRidny | chioditie phvag| added dropwise 2 mi of
4[ 4" - (1", 2'meBiviers’ cHieitls abiytidn @orfidining- Mizipy W1 ownpl) D NiNaqidyrlalaeyyicaxbpliddez with ixipg aenz
oat e [ Exendont terepbratwerevepa pevidd 0fdng houB0 Exanpl e 4 Phase transition

t enper at ur es e reExlionmiss ¢arrisd out@hygom tatperature fgrPhowr8) and (13) obtained in
Exanpl es 1 antheZeactiopsmbdure wasdiigredianddherfitteato pbtaiged wag concent@ied.y| t s obt aj ned are
shown i rfoTabl Bexongeptipie: was sapaEied B usieanselian ghramategsapby ir) obtain 0.58 (g ¢t &ppleriesy

SnCr- SmA  viscous liquid. Sy | sg 46 SnA ( err]
72 C 50 FD-mass spectr thls compound was me grpq o obtain a M/e value of 618 err]

[err] (8) Fig 2 shows a g w}g -NMR spectrum of this eominoynd.

P R T T et

represents P so r pic liquid. 28 EP 0 431 929 Bl As is clear from
Table 3, t Mﬁound (5) and conpound (13) assumed a liquid crystal phase
oV awd rature range or bel ow roomtenperature. Subsequently, the
aboye- mept i OngelinGsRy bpnw--aﬁfrao 19505 A R BB hEHIGF-2hPth he
f ol %‘(fvm ng fbg,{r;?;ﬂg,@]bgra],aty\er e mxed t ogetﬁ ( inar a??o of SSIWS%&Ey ?Igll g??txht o]
prepare a |i rkadpl6h Waé Rbeatod eR@PIAR il d1428 oAhE E-h-dbdYBxy-MaphthtfonpL-0&BoXliciabid QSEdIION.
[ ERR] 10 the first step, 8-n-heptyloxy-naphthalene-2-carboxylic acid was used to obtain 0.34 g of a colofteds Aemi-
phase transolidi on tenperature of this conposition was neasured. Results
obt ai necesar e Flvoges spaotriia bl s semi-solid was measured to obtain an M/e value of 6986.
Fig. 3 shows a chart of "H-NMR of this compound.
From these resulit of the analyses, this compound was identified to be the desired R-1""-trifluoromethyi-
_ heptyl 4[4'-(1",2",3",4"-tetrahydro-8"-n-heptyloxy-2"-naphthoyloxy)benzoyloxylbenzoate [Exemplified com-
- pound (8)].

30

Example 4

Phase fransition temperatures of Exemplified compound (1), (5), (8) and (13) obtained in Examples 1
and 2, respectively were measured.

35 Results obtained are shown in Table 3.
'_ Iable 3
40
| Phase transition tem?erature '
Compound Cry~-SmC* or SmC*-SmA SmA-Iso
45
SmA
(1) 30 °oC 72 °C
50 - {5) 44 °C - 78 °C 94 °C
(8) <-30°C 47 °C 105 °C
(13) -14 °C
55

in Table 3, Cry represents a crystal phase, SmC" represents a chiral smectic C phase, SmA represents
a smectic A phase, and Iso represents an isotropic liquid.
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4. The phase transition tenperature of the above-nentioned conpound of the
formula [B] is also shown in 15 Tabl 6 58?8& 30 36 40 45 50 55 29 EP O
431 929 Bl [ERR] Exanple 5 55 A |iquld (‘:‘? al " el ement was prepared by

filling the liquid crystal conposition into a cell shown in Fig. 6- (A). 30

EP 0 431 929 Bis iflRRaraRA! BB, 16 ChHdolid-(5and orhpbind h15)es&imed ¥ 3§ cripdi? BRBS ovbRe
fromferr] i terhSrdidre ARG dr BSIoW RBH keddpbrafdfe. t NE €l enment was stable in the
tenperat ure r ag@eequéntiaNhé @bdve-menkiofedCaarbbayial Empond HEABG domboundl répieseritedl Hiihel
[5] shown i rolibwibg GordulwdB] Warb triigbdatagbttienjircat @b ofNS0sE0abyy agighd fto Preparb |2 liquiali ctystp
bei ng kept uwonlpdsitiveatcordidg fpriessesedt inmerdosai d cel | bei ng conposed of two
substrates with I TO transparent el ectrodes, each substrate being provided

wWith an orientation contrekdi Ngedyi | m (thi ess: 150 A ) conposed of a
pol yi mi de (LX14QQ, Q.Qr { '-@Lmﬂﬁdﬁq‘)ﬁm{,he i nner
surface 10 thereof1 as shausl iwtAg. 6(A he pollyi mde fil mwas rubbed so
that orieMtation directions were nearly parallel t&aeach other andgBin the
sanme direction. The cell thus filled with the liquid crystal material wad

heated_to [err kept _at err]J for 5 mnutes and Ieid t. a rate of
/ ppase "?’8“! tatapgeiing of i GopoSionoyes megsuier Hieis oRlainGd gig ghowy in Table
the 1iquid jé%@ em ki dalhp bcacatetpettiri il e

condi ti on

<
o 20

25

30

50
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(a) External size : 2.5 cmlong X 2.2 cmwidth X 1.5 nmthick (b) Substrate
: 0.7 mmthick, material : glass (cpéjﬁstﬁ,&c 1betvveen substrates : 2 [err]
(d) Sidewall size: 1.8 mmlong X 0. X 2 [err] thick 20 The
above cell used for evaluation of liquid crystal was prepared in the

foll ow ng manner. Polyim de coating was conducted on a glass substrate with
| TO transparent el.eg ade film That s the polyimde (LX1400, a product
of Hitachi Kasei Kogyp K K ) was applifed on the I TO transparent el ectrode
by a spin coatingjnethod. The polyimde was diluted with

N-net hyl pyrrolidofge tp %1.2 % sol uti gn which was then spin-coated at 2000
rpm The polyin d¢ soju®on thus coatdd was cured by heati ng at [err] for
30 25 mnutes, er eup a pobyl @ deyffi Imof 150 to 200 A in thickness was
formed. The polyi i dfg} fil mwas®th8&n Pupbed with a nylon cloth in one
direction, thereby i nbarg i ng af af | ifly of orientating the liquid crystal

t hereto.”Two sheetls ®f tthe pol yim de f | g coated gl ass substrate thus
prepared were put upg @ch other to preggare a cell for evaluation. An
epoxy adhesi ve wag a pl ¥&d to each of fh& polyinmde filmcoated glass 30
substrates by nearns silk screen priptijong so that two substrates were
bonded to each ot er and a gap of the ke was ¢ontrolled. The epoxy

adhesi ve®was prepg rea %mm ng an ad s@/e bas§ (LCB-310B, a product of

EHC) with a curi ng (LCB-304B, a prgduct of EHC) and beads (GP-20, a
product of EHC) fra%n olling cH! dbs 9 n thefproportion of 130:30:3. One
\Lhe gl ass substjr afps nti ogednbovE ?S coaffed with the epoxy adhesi ve
and]&ﬁamg,at ed to th érgss sttbstt at ¢ i wh such & manner tgat th® polyimde
ms fac eadh her. The epoxy adhgsi ve tusgroat eddwas cpred under
such curing cgndi t§i odp t hat heating was ﬁ)nduct?d"dt [errE forgl5 m nutes,

at [err] forgdls i nfil es, at [err] foy }p mnuRes, at 80g[err].sfor 15
mnutes, at [&r] f‘b m nutes and jpt g err] ofor 60 nmifutes. OThe l'iquid
crystal saterial jas uat edPby Lusip &e th pr epar ed°‘ce|| :i:or[::

eval uati on havi ngla gp p f aboyt [ 110,40 t he pr-gsent Lavent i on,
contrast was determ npdeby pl asi ngpt ) I|qU| d tal materi al etvveen

pol ari zers maetiné at I‘I%]ht angl es; nep s[glng a |ntenC|t of t ansmtted
light inthe light sthte and in the dafktate 8y rotatl the li quid
crystal ®l enment, gnd calculating therefr the Vatio of lg(li tate)/l
(dark state). 45 Exarrple?Allqwdcy el nt was §rep

repeati ng Exanpl e |6 except that the or atl rectlons of tHe
orientation contrqlling filns conposed 01*” pol e were early par al | el
but in the oppositle direction from eac e-ther Thecontr8st of the

t hus obt &i ne | i quijd crystal elenent as sured s 18. Eganplej8 Aliquid
crystal el ement V\ﬁs prepared by repeat n 6 excepr th ‘

substrates was 55 fprepar®d by forrgng p orrbl : ep05|ted0fll : posed of
siljcon oxi de on tthe gl ass substr%e py oH ded | TO trgnspar g
el eCtrodg film THe rhori c deposid ed i 18 wa rmed by ati err] to
[err] and depositilng it &n the subtra eg]ro verticag dir on, the
substrate being irfclinedgat [err] gronf a®horizomtal plane®
8 * s 3 s g
45
, g E 5 % p: %
'g o ] w o=
O ('3 —
P 5548
50 - - = 4 &
Example 5
55

A liquid crystal elerment was prepared by filling the liquid crystal composition into a cell shown in Fig. 6-
(A)
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31 EP 0431 929 Bl In the liquid crystal element thus prepared, the
orientation direction of the rhonbic ' filmand that of the
orientation controlling filmwere ne'i‘?ﬁ;%?‘ggéﬁﬁm but in the opposite
direction fromeach other. The contrast of the thus obtained liquid crystal

el ement as Meaghy §erakie fombéraiurd of MeAHGRY CrySlaldlehiohtinas freh 173 -3l to EdoEIPiHd thPdontrast of
prepared by wheasadnt W R tepéritGeRdngd.nat the cooling rate was changed to
[err]/mn. The contrast of the thus obtained l'iquid crystal elenment was 29.

10 Exanpl e 18aplbBqui d crystal el enent was prepared by repeating Exanple 6
except that the li1quid crystal conposition obtained in Exanple 4 was used
in place of th&hecerbioeyiap coimpownd i otithel foamuda IShehowm | Tiablg 4 was molied snd nectged: ittotagap 5
[err]/ m n. Tde celbsaid gan beinf ket endehieducedh pragsuecing saifigel] being/comppsed obtwe mubstiles with |
Exanpl e 1 1 [P0 transpargnt|slegirides, @achssubgtrate | being n{OVidm'sWiibraégfwmbwnﬁ@mdm ffgjckness :
Exanpl e 6 extirh ) eqmppoeroé acabyiridag'400s apmgueivh Hipetd Heesl Kegyo ) on th fpger surface
contrast & hereof @ gaovgye &lon BA)- |Tie pelymide yilm wps wplodesqthaf,gaentstiondivectigas weye nearly
rapi d cool i népaielte 959%%% injthe game dijprlin- \Tag) cpllthys ff“ﬁ‘é‘”ﬁ'b[_ ﬂ'?%%‘;’gﬁ% maprial;wgd
h

be sogewhat ':%W %ak'l’;ﬁga f l"f% "FH%’}'H?‘W?@“C%WHW ; d '“PB'F’Z&W |
5 C. | . . L t . , .
bel ng Kep, Ee%iffgjé%%%eﬁﬁ%ﬁ'ﬁﬁ%ﬂ% e il ed o tne | O
al

substrat e Wt tran l,ect L substrate bein rovi ded
. WML o805 B A 7 xS iR K35 rfiR bk gp
wth an ori ent( td opk ek eh;,q?, I ckness: 150 30 [err]) conposed of
a polyimde ( l( d BotidbPSlbGtate@t 2 it aChi Kasei Kogyo K. K.) on the inner
suneace ther eqd) sifawsifem 1.8 hnf o X £4 Bh widl 62 Rplivéxm de filmwas rubbed so
that_orienf ati gRs &hoverdel a8 for WRLBtIoA BfMlqLIM clydtbialab Fﬂepéré_li iR 6 Foneityahanadgtd i n the
same di rect i onpoififie €6dtihg Witldonduclod 66l a \Ylasd subdtate Iwith| iOCkrafspdrehtadiectiailo @itm. That W the
heat ed t o [ epolymidk@Ri406ta gradildt lof Mifathi Kasel KugyeBKAWas appiizki efl tHe ITQ ®dnsdarenbdlecBodedy €
of [err]/ m na &gin ¢oatigatiethod. The Galyiehidarwas tifuked anitts MenmethylpBiolidamb to £ 0.2 dé sdiution wifich)was
Ext er nal si zben hintcoatad ht00p tpm2THe milyimvidleddolution thusScoated wési culed (blp hedbngp att 328 t* 6:forBD 7
nm t hi ck, 2aremiswtess Whereyiperss pyiidiilmtoh Haddo BAd Avindihicksesd sias fatmed: The ppigimidp firyas then
Si dewal | si zebbed véth ransylapraiptx ingong dirqtion, dherpby. impaging aan raility 1 efientpting the liquirh crystal
above- nent i oh&elocel | was prepared in the same manner as in Exanple 6. A
liguid crystal Tep ghpgtstof \W&SP"M'E‘!%W’@W"&Z’,??F’E © thH PEpRsRACYSNR A UBAL8RCh iotheri 1
cr g-st al cel | Prerarg & goll fer pyaluaiian. An epoxy adhesive was applied to each of the polyimide film-coated glass
.30 substrates by means of silk screen printing so that two substrates were bonded to each other and a gap of
the cell was controlled. The epoxy adhesive was prepared by mixing an adhesive base (LCB-310B, a
product of EHC) with a curing agent (LCB-304B, a product of EHC) and beads (GP-20, a product of EHC)
for controlling cell gas in the proportion of 130:30:3. One of the glass substrates mentioned above was
coated with the epoxy adhesive and laminated to other glass substrate in such a manner that the polyimide
s5 films faced each other. The epoxy adhesive thus coated was cured under such curing conditions that
heating was conducted at 50 *C for 15 minutes, at 60 °C for 15 minutes, at 70 °C for 15 minutes, at 80
*C for 15 minutes, at 125 *C for 30 minutes and at 170 °C for 80 minutes.
.- The liquid crystal material was evaluated by using the thus prepared cell for evaluation having a gap of
S’ about 2 um.

40 In the present invention, contrast was determined by placing the liquid crystal material beiween
polarizers meeting at right angles, measuring an intencity of transmitted light in the light state and in the
dark state by rotating the liquid crystal element, and calculating therefrom the ratio of | (light state)/l {dark
state).

45 Example 7

A liquid crystal slement was prepared by repeating Example 6 except that the orientation directions of
the orientation controlling films composed of polyimide were nearly paraliel but in the opposite direction
from each other.

50 The contrast of the thus obtaine liquid crystal element as measured was 18.

Example 8

A liquid crystal element was prepared by repeating Example 6 except that one of the substrates was
65 propared by forming a rhombic deposited film composed of silicon oxide on the glass substrate provided
with ITO transparent electrode film. '
The rhombic deposited film was formed by heating SiO2 to 400°C and depositing it on the substrate
from the vertical direction, the substrate being inclined at 30° from a horizontal plane.
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liquid crystal material between two pol ari zi ng pl ates whose pl anes of

pol ari zati on neet at right angles (H)aa P dar kest state is attained in
the elenment. The intencity of transm (?2 I'ght was neasured by applying a
triangul ar wave of 30[err], whereupon the 45 oscillowave shown in Fig. 7
was obt ai ned ibyte Mgl drgstd b@rﬂer@ihuap&ﬁaaama @Hentitionldirettion ofthél rioMBic @sgkitell GRNIR
shown i n Fingtof Hhe ishtatdn cantromitlg i wateiloarlyhialisN b in the dppesitel difeondomeaéh diier. As i S
cl ear from FiTHe coftrast bfitite thus@biailediiqyia carbtal@lementiat massied wedlit he contrast of 34
between the tinme when 0 V was applied and the tine when +30 V (or -30 V)
was appls eExample@ppl i cati on of a triangular wave of 10 Hz. As is clear from
Fig. 8 this liquid crystal elenent attained the contrast of 15 between the
time when. - 1A Boid ayysighslement] wasderensted thiyeropeating Rrpowmle 6 exzent hiat dhey peslingetgtepyyas
appl i catlowaweﬁﬂquaf wave of 100 Hz. In the liquid crystal elenent of
the inventi odhe fPniips efiheths cpiaifed tguid cystalgdemediwes 2% bl aced bet ween two

pol ari zi'hg _pl at es whose pl anes of polarization neet at right angles so that
the darkesE3PR8 js attained in the elenent, the dark state can be

attai ned by avoltaeof Vu1n w f n i | ar.
e eon ol T Al o L e ek
the tra Iflg H edar ate
changi ng a v Iy el ement, and cal cuI at| ng
t herefromthe ratl%ﬁgﬁ'dtﬁ'%lo%%n%&@ug %’Qhﬁg)ﬁ%ggt'at e). Subsequently, a
l'igui d cryglaleahenent was prepared by placing the above-nmentioned |iquid
Sss’tal cel’T‘%’TTed with the liquid crystal material between two pol arizing
pl L es whose pliquiicsysdl oflomt’ Wasodrbgarsd 'BClspéiting’ Ebitiple 38 exceptbtiat Ghe' 3dolifth? RiteBias
angl'es so thamgeditdr® iCinghit est state is attained in the elenent The intencity
of transm tt atle bongrhst oMbesthiEmdeinee ihuldhcrnapapdignmenpwa ot Bécawsg ot rapid ealing ratb edfloyed,
[err], wheteuapshseridiahadthe icbritrastsvascapt todarsorhewhbtilgr. 9 was obt ai ned by
application of a frequency of 10 Hz, and the oscillowave shown in Fig. 10
was obt & n&mple 12ppl i cati on of a frequency of 100 Hz. 5 From t he above
results, it was found that the liquid crystal elenent in which the |iquid
cr yst al cel | Tha caspoxyiate corapoyreipl of e formpia 9] shawy imTablecAwagmpiien a5 dnigsted dpto a gap
%arl zat i 8t2 pRllcaidger peingtertiin é%d“‘éeﬂ Pragspre andSaid celieing coranosgd.of fwo sybstrale with | |,
h

| trtrgred 'é’@&ﬁ’%’e% ech sk EH’RY iy q opientatip ‘EP"H'P H‘ (hfo
in pgrtelr;g%b@mp d ofp 'd( d'f héﬁ”?ﬂ"ﬂ\‘.ﬂ/\f K’ El:ee[;%/RR]
dhtaln B et"%ﬁq"‘f*@c. i el e
nat ogenat eTaf S Ly ol TG ' il ab] ook @ P e

el
35 Cell oonditlon.
(a) External size: 2.5 cm long x 2.2 cm width x 1.5 mm thick
{(b) Substrate: 0.7 mm thick, material: glass
. {c) Distance between substrates: 2 um
L{ (d) Sidewall size: 1.8 mm long x 2.2 mm width x 1.5 um thick
40 The above-mentioned csll was prepared in the same manner as in Example 6.

A liquid crystal element was prepared by placeing the above-mentioned liquid crystal cell filled with the
liquid crystal material between two polarizing plates whose planes of polarization meet at right angles so
that the darkest state is attained in the element.

The intencity of transmitted light was measured by applying a triangular wave of 30V, whereupon the

45 oscillowave shown in Fig. 7 was obtained by application of a frequency of 10 Hz, and the oscillowave shown
in Fig. 8 was obtained by application of a frequency of 100 Hz.

As is clear from Fig. 7, this liquid crystal element aitained the conirast of 34 between the time when 0 V
was applied and the time when +30 V (or -30 V) was applied by application of a triangular wave of 10 Hz.

As is clear from Fig. 8, this liquid crystal element attained the conirast of 15 between the time when -12

50 V was applied and the time when +12 V was applied by application a triangular wave of 100 Hz.

In the liquid crystal element of the invention in which the liquid crystal cell is placed between two
polarizing plates whose planes of polarization meet at right angles so that the darkest state is attained in the
element, the dark state can be attained by applying a voltage of 0 V using a low frequency, in particular.

The contrast mentioned above was determined by measuring the intencity of the transmitted light in the

65 light state and in the dark state while changing a voltage applied to the liquid crystal element, and
calculating therefrom the ratio of | (light state)/I (dark state).

Subsequently, a liquid crystal element was prepared by placing the above-mentioned liquid crystal cell
filled with the liquid crystal material between two polarizing plates whose planes of polarization meet at right

[ERR] 0
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35 or a single bond, A and B are each, independently, a group selected
from 40 - [ERR] 45 and 50 and R*
is an optically active group of 4 toEPZB‘%!a?%soW atons, the group containing
at | east one asymmetric carbon atom and being optionally substituted by one
or nore hal B The lighiet $Bie0 Sitdhed inBheSadikbnenN | Nteger of 0 to 2; with the
provi so t hat hntéAcy6t tRAnsMitdNight was aleadulR@ by aPFlyig ARiangofar wWave Af SOV WAéteupon
accor di ng t aheCdsaillgWale sHoed @i Fig. X was dbtdneairty applicktios of £Bdgaehcf BT HAaXd the osdllibvave
[err], [err ]shawndn Fig.ri0jwas Sidained birBprlicatidridck a dqueldy obit0§lHzs so t hat the | i ghtest
state i s att aifrad thenabbvecresiits: ritewsts. foulth ¢hat the diguid Crystad feletnprt rirs whicht thel liduidgdrystahvee! is
nmeasur ed by pipel beitwegn swot polanzinguiiates whasecplanbs Gf(pofadzatidn, mash&rrightpnglest seghat the lightest
osci | | owave steoisnetiained-ingthe ®lepart cobid sectsel abfpvorable| merenry effecbising # rhish Ufeequepcys fin
10 Hz, and tPedicdasci| | owave shown in Fig. 10 was obtained by application of
a frequency of 100 Hz. 5 From the above results, it was found that the
liquid cripst@?mg| enent in which the liquid crystal cell is placed between
two pol arizing plates vvhos'ei\ ‘?_I ages o;_ pol ari zati on nmeet at right angles so
that the Iight8Spmropag ol thedoligving,formuls @i t he el ement coul d secure a favorabl e

menory effect using a high frequency, in particular. 10 Cainms 1. A

conpound cgf the follown ‘a (A): [ERR] wherein Ris a group selected
from [err] al kyl, [e® Xy Xred Jagrentt -Bi=e 00p-a*kyl , X andlA] 20

are each, independently, ghelp selected from -COO,-0CO, [err], -S-S,
[ERR] and 30 35 or.a single bond, A and B are each, independently, a

gredp sel ect edwhdrgR 4% group selected from Cs-Czo alkyl, Cs-Cao alkoxy and halogenated Cs-Czo alkyl, KRRy
45 @d 50,and & ehch, indbpeabritig 3 drotp36ibdidérogk oup of 4 to 20 carbon atons, the
group cont ai ni AWORL0G0R,a6H,0PBECH,0-, OCH;-, -S-S-,

-ft:-CI‘Iz-
25
o
o and
[
30 '
-cgz..(ﬁ_-- ,
0
a5 or a single bond, A and B are each, independently, a group selected from

and

50 . O O
and R" is an optically active group of 4 to 20 carbon atoms, the group containing at least one

asymmetric carbon atom and being optionally substituted by one or more halogen atoms, and m and n
are each an integer of 0 to 2; with the proviso that both m and n are not 0 at the same time.

4

55 :
2. A compound according to claim 1 wherein X and Y are each selected from -COO-, -OCO-, -CHzCHaz-,
-CH20- and -OCHz-. :



asymmetric carbon atom and being optionally substituted by one or nore
hal ogen atons, and mand n are each an integer of 0 to 2; W t"lﬂmlm] 1 :
that both mand n are not 0 at theEEAMBHYRB1 55 2. A comp : mm"l

claiml1l wherein X and Y are each selected from-C0OO, -0OCO, [érr , fTery]

o Lol 1) i so vl SuRATBA bRl o Bt 08 M L O 2 hereln e
optical l'y aCli{eUfetth milto fpfit wistii srtﬁ?« L&B%,aélmaﬁumsupsb ACE Wndolisbnt O
any one Ofydihidiavel stiofin th BB WasTbbRinbd bt bigéafion ¢f d fequ 5 10°H2, _§nd1Ee Bscitlowavé 0
CF3 [ERR] shown'Th Fig. Rwak BbtBiéel byQbplibatidh of’a frédfiéhciof 0Pz, 5. A 1iquid crystal
CONPOSi §i ON Mbrh Gk RGP FdsRBSit Vad RIROHAGhO fiquidadrystl lefdnt irBhich 16 BRAY trjstA R BNE
of cl ai ms placéddbetween Qwddpolafizing Flbtes whdsy plaids of PORR2atioh intEdt & Cightratiylexysal that alleclightesi
wher ei n t hstateC Bn@Bined] ir0the f eddntant aoufd\pecue & davbablelavbriory affectinsingna high ftequencin
parts by weitigidr. based on 100 parts by wei ght of the conposition. 7. A
liquid crystal elenment which conprises a cell conposed of two substrates
faci ng wac®laimsher and 35 separated by a gap, the gap being filled with
a liquid crystal material conprising a liquid crystal conposition as '

cl ai med i nl-c AgPmpndet il folpwing Iqmpgje (A% crystal el enent according to claim7
wherein an orientation controlling filmis provided on the inner surface of

at | east one substrat-e. O A liquid crystal elenent according to claim3$8
wher ei n"*t he orient R HXG AfM-RaelyS 3RO EpBRRat i on contrph}ing film
t hat has been subj ect eds entation treatnment. 10. A liquid crystal

el ement according to any one of clains 7 to 9 wherein each substrate is

provi ded on |} S48 j &, - L4e
wher ei n,a po ,@eriﬂgﬁgﬁs apﬁioh{%gftgg&g g%% g\fl}%% %F%J %E?g?&é@g %F&Jgggrﬁg g%bas"t@pgtme‘d Y
such that a peieodd-, RAGHL. @oaczzo,r_ggd, by the polarizing plates has an
angl e of 70- 110, and the cell filled with the liquid crystal material is

arranged between the polarizing plates at an angle of from+ [err] to
-[err] relative to the position of the T rFHar which the transnitted | i ght
beconesast he darkest or the bright est.'50°

and
30
o
35 or a single bond, A and B are each, independently, a group selected from

-, ©-©-.
©-0-, O, o, O, (o,

and

and R* is an optically active group of 4 to 20 carbon atoms, the group containing at least one
asymmetric carbon atom and being optionally substituted by one or more halogen atoms, and m and n
are each an integer of 0 to 2; with the proviso that both m and n are not 0 at the same time.
55
2. A compound according to claim 1 wherein X and Y are each selected from -COO-, -OCO-, -CH2CHz-,
-CH20-~ and -OCH>-.
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11. A process for the preparation of a liquid crystal element as claimed in

roviding an orientation control || F AANBRL ho | nnot mJ'lllﬂlﬂHlﬂH#Ill 1l

one substrate, filling the gap with the liquid crystal ndtefial, heating
the liquidgcr not
[ over. than®t Ap BB lo G L8 Glerdilng el pons ofh ¥ BBRGSL

properties of an isotropic liquid, and cooling the material to a

t enperature not hi gh&@H4 han the tmi@erature atCHyhi ch the nedgHg al exhibits
the properties of a Iliguid crystdl, P d 431 929 B1L 1. ‘A process
accordi ng to cl aiCare \H'ré}zé‘ls) th&ﬁﬂ'tﬂeﬁipryst%ﬂﬁﬁl{am'al & gl at a
cooling rate of hi gher thandpesrr]/m n froma tenperature higher than
the tenperature gt ich the crystal material exhibits the properties of an
i sotropic |iqui d.d*q.@st;ﬁ@)qrﬁ; u.r(,e*}t -ddure e, tenperature at which the
mat eri alte exhi bits the properties of lquidcrystal. 5 13 A nethod of

| i qui d nodul ati on which corrpri ses generatl ng an electric field on, or
applying a voltage to, a liquid crystal elenent as clainmed in claim10. 14.

A net hod a&ccﬁ‘ﬂ’?‘\ﬂ&'“ﬁ@c‘i‘)ﬂ&ﬂﬁﬁ ag g claims 11t 2 whargiti R is e KHiPOP Affsmi tted by
the liquid crystal elenent is 10 changed by varying the voltage applied
to the éfenent between a positive volta@m},a negative voltage. 15. A
met hod according to claim13 or 14 where the wave formof the electric
field generated by varying the voltage applied to the liquid crystal

el ‘arent bet wggr. a positive voltage and a negative voltage is a 15
reqtangy,ar wave, triangular wave, sine wave or a conbination thereof. 16.
A "hod according to claim215 wherein,.when the wave formis a rectangul ar
wave, the mninmumw dth of the rectang Far wave is not nore than 10 m sec.
20 17. A method according to any one_ i c ns 13 to 16 wherein the anount
of light transmitted by the liquid crystal a'lé?dént i s changed by varying

t he vol tzage applied to the elenent fromO to a positive voltage, or fromO
to a negati venisahintsger of 18r2,anda 50/ ay unit, a liquid crystal display device,
an el etrooptical display device or a |ight nodul ation 25 el enent

conpri si ng8a A liqyid elystal peropesitien] whinhrromgtise lazcomeaiind of farmplaoif) ad eldimed ip anp ongof
1M~A di spl ayclaireg higd--whi ch i ncl udes the method of |ight nodul ation as

claimed®n any of clainms 13 to 17. PatentansprUche 30 1. Verbindung der
f.ol genden Bo rAliquid cagstal epmposition according to ¢lgim 5 wherein the compound of formulg 3(@ ig-c@piaingd in

RCO * an amount of 1 to 89\ paris by wejalk base an éﬂ??awvd?&hmmmm& "C20 Al koxy
und hal ogeqi e m fz'o Al k l ausgrew-hl te Gru E ﬁb dn|
m zi:ﬁgll %@ tes a
vonel nandEP ‘%M by a g‘gp,g{ge gap being filie a liquid ¢ I material’ comprising™ a’ liqui 40
composition as claimed in claim 5 or 8.

: 8. A liquid crystal element according to claim 7 wherein an orientation controfling film is provided on the
Nt inner surface of at least one substrate.

9. A liquid crystal element according to claim '8 wherein the orientation controlling film is an orientation -
controlling film that has been subjected to orientation treatment.

10. A liquid crystal element according to any one of claims 7 to 9 wherein each substrate is provided on its

45 inner surface with a transparent electrode and wherein a polarizing plate is provided on the outside of

oach substrate such that a plane of polarization formed by the polarizing plates has an angle of 70°-
110°, and the cell filled with the liquid crystal material is arranged between the polarizing plates at an
angle of from +10° to ~10° relative to the position of the cell at which the transmitted light becomes
the darkest or the brightest.

50 : :

11. A process for the preparation of a liquid crystal element as claimed in any one of claims 7 to 10, which
process comprises forming the cell by providing an orientation controlling film on the inner surface of at
least one substrate, filing the gap with the liquid crystal material, heating the liquid crystal material
contained in the cell to a temperature not lower than the temperature at which the material exhibits the

56 properties of an isotropic liquid, and cooling the material to a temperature not higher than the

temperature at which the material exhibits the properties of a liquid crystal.



4

-CGCH2- | 0 45 und -CH2-C 50

| O gewl hlte G uppe oder eine Einfa ' edeuten, A '
vonei nander jeweils eine aus 55 35 %E&@%}Qé} S i ?mmm“mm“]f‘m’“ﬂll
gew~hlte G uppe bedeuten und R* el ne optisch aktive Guppe*mt 4thi% 20 *
Kohl enst of f a4 0(TpBcds$ hocold§ & cldlin Q1 (WhikBiR e liqlill RA/EINRatétialis JENEUER b Icb&lifd) Aife of not
Kohl enst of f at aiighemnihiiab { CrminGiroge 8 edameRtafedhigifer thdh &d BporAGE at WIREW 86 @rystal material
Hal ogenat one sexhibitsithelprogiektios 9t an isdipitNighitiCio 3 t$rEpsBkureS lowér Nitan GNEpefaltd atwiiichGhe
bi s 2 sind; matatierexhibiSgiesopetiedof mliquidicrystahi cht gl ei chzeitig 0 sind. 20 2.
Ver bi ndung gemAB Anspruch 1, worin X und Y jeweils aus -COO, -0OCO,
- CH2CH2, CH2®-A m@bdoof liguidwnddutationevhigh nomiBisagcgetrratidg arpeleptricditld Am opapplying & votdge to2
wor m di e opt i Sdiquid ktybtelele@ettap elaifed melaint ). gendem ausgewi | hl t 25 wird:
CH3 3 C3 2H5 30
CH2-C H C2Hi4 A metboq.;cgggqlin_qgtp clam(jakqua@glmﬂ_a,mount@f liqqt@gflﬂi'g[e,d by liquid crystal element is
f F3 - C H'CeH1Fhanged by vaiegthevottsgesppfied 405the elemeptbeltpam @ RyEiiMapyOliRoR FBd £ sRgative
ei nem der AnspP#fe 1 bis 3, worin R Al koxy Ist, X -COO ist, Aflr 40 '
steht, R* 4q . . . (;FB *o- H—CGI—%g 50
6 Or 13 0r erejn the w rm o e i enerated by varying
bedeutet, m ﬁfl ﬁe@ vﬁ%gg%plgﬁoﬁhe lqui:l cwciééz:en%n{'?etiwz‘grr\]fg :bsiﬂfggomgiéﬁ?n'egaﬁve voltage is a
15 rectangular wave, friangular wave, sine wave or a combination thereof.

16. A method according to claim 15 wherein, when the wave form is a rectangular wave, the minimum
U width of the rectangular wave is not more than 10 m sec.

\Q‘a 20 17. A method according to any one of claims 13 to 16 whersin the amount of light transmitted by the liquid
crystal element is changed by varying the voltage applied to the element from 0 to a positive voltage,
or from 0 {o a negative voltage.

18. A display unit, a fiquid crystal display device, an elefrooptical display device or a light modulation
25 element, comprising a liquid crystal element as claimed in any of claims 7 to 10.

19. A display method which includes the method of light modulation as claimed in any of claims 13 to 17.
— Patentanspriiche

30
1. Verbindung der folgenden Formel (A):

% R (I)———*X-Ah,.—-ex-ah,-—coo-n* ... [A]

worin R eine aus Cs-Cao-Alkyl-, Ca-C20-Alkoxy und halogeniertem Cs-Czo-Alkyl ausgew#hlte Gruppe

&% ist, X und Y unabh#nig voneinander jeweils eine aus ~COQ-, -0CO-, -CHzCHz, CH20-, OCHz~, ~S-S-,

40

~C-CHy~

(o]
45
und

| 'CHz‘F‘

50
0

gewidhlte Gruppe oder eine Einfachbindung bedeuten, A und B unabh&ingig voneinander jewsils eine
aus
55
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5. Fl Ussi gkristal i zusammenset zung, wel che ei ne Verbi ndung der—Fornmet—(A)y

I%Fim:sBi Slkpsrsnt g?lrzﬁgaiﬁ;reuﬁg:t %uﬁbsggnglgi)iﬁiséigh% worin die Vﬂ!ﬂl&mwﬂ!ﬁ“‘"" |“|
0

Formel (A) in einer Menge von 1 bis 99 Gewei chtstei I en, bez

Gewi chtsteil e der Zusannensetzung, en alten ist. EP 0 431 929 B1
thiralng 121222 treer e vl krl nt, wel ches eine
Zell e unfa8t, die aus zwei SICh gege erste nd durch eine LUcke

getrennten Substraten besteht, wobel die LOcke mt ei nem

FI Ussi gkri s II |t eri al iIft [ g, ei ne
Do R G C b JOF,
enment g B Anspr n

Fl Cssi gkr =4
Fl Cssi gkri s vvorl

Orientierungsregul ationsfilman der | nnenober Fl ache von m ndestens ei nem
Substrat vorgesehen ist. 9. Fllssigkristallelenment gemaB Anspruch 8, wobel
der Ori®#ntiebhgsregul ationsfilmein Oientierungsregu- |lationsfilmist,
der einer Oientierungsbehandl ung unterzogen wurde. 10 10.

FI Ussi gkri stal | el ement germaB m ndest en in der AnsprUche 7 bis 9, wobei

j edes Substrat an seiner |nnenoberfl er transparenten El ektrode
versehe? ist, und wobei eine Polari sati onspl atte an der AuBenseite jedes
Substrates v mﬁﬁe o 5 uténou (3% rame o M i HZE gpét&fsmgh :
gebi | dete Po 815 aig r%l = es‘KBﬁle g al% Eusllﬂiihd' e
mt die Fl Csﬁlh r mehidte I-m?a &HoﬁtL rt s€urthdm und n@e:’lseem%\%&ﬁ is 2 sind;
P(&Larl sati onﬁﬂldg,tm@ rha@hnﬁ,m, ch;@,iﬁg()s us - bezogen auf d| e Position

Zel ke, bei der das durchgel assene Ucht am dunkel st en oder am hel | sten
Wi rd, angenr ¢asihdung igemdBlAnshaEn B IvoRi XZuA8 YHeweHs @ld \C00-, 6OCES-CHzCHz, CH20-, OCH,-
FI Ossi gkri st géwsek @erasat es nach mi ndestens ei nem der AnsprUche 7 bis 10,
wel ches Verfahren das . Ausbil den der Zelle unter Vorsehen eines
Ori ent i er uBagVerbigdung gercisAnsproahst adaf 2, 2%rin die oplisch aldivecGrogfipe IR lawsctbigendem ausgewdhit
m ndest sns ewimbm Substrat, das FU |l en der Lacke mt dem
FI Gssi gkristall mate- rial, der Erwar nmen des in der Zelle enthaltenen

Fl Ussi gkri stal | mate | s auf ei rrperat ur, cﬁl € ni cht ger r als die
Tﬁrersperatur i st, bel das l\/at di e Ei geps S8haften ein otropen

F si gkeit zei gi., Lbz%e Mat e As Sc Hf el ne di e
ni cht h¥her |stg‘§lzs ratur ‘g 113er das Ma? die Ei g%ﬂ.‘g#haften

ei nes Fl Ussi gkrC¥gal | s zei gt, Lﬁﬂf’:aBt 25 12. Verfahren gemaB Anspruch 11,
worin das FI ~SSI‘ku’I stallmateri] mt einer AbkUhl ungsgeschw ndi gkeit von
ni cht mehr al s-g-@-@gHpprand e HeGRareP@rC2lb6e hosSher als die Tenperatur
‘ist, bel der das Kristallnaterial die Ei genschaften einer isotropen

FI t| ssi gkel t zeigt, auf eine Tenperatur, die niedriger als die Tenperatur

i st, bei vdﬁ«ﬁdd}(&b&ﬁds%ndik@ns%rﬂﬁfa%m\@ér&&@ 1%|s%e§orﬁ|ncﬁ%ﬁ kséad-lis, il Ot

abgekl hit 30 . Verfahren zur Fl Ussigkeits l'ation, welches

dig Frzeugung ei nes eI ektr| schen Fel des auf, oder di e Anwendung ei ner
-Spannung an ein Fl Ussigkristallel ement gd®p-Anspruch 10 unfabBt.

steht, R*
45 . CF3 :
.
=C H-CgHy3
50 bedeutet, m eine ganze Zahi von 1 oder 2 ist und n flir O steht.

6. Flussigkristallzusammensetzung, welche sine Verbindung der Formel (A) gem&B einem der Anspriiche
1 bis 4 umfaBt.

55 6. Flussigkristallzusammensetzung gemiB Anspruch 5, worin die Verbindung der Formel (A) in einer

Menge von 1 bis 89 Gewseichisteilen, bezogen auf 100 Gewichtsteile der Zusammensetzung, enthalten
ist.
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35 14. Verfahren nach Anspruch 13, wobei die Menge des durch das _
Fl assi gkri stal |l el enent hi ndurchgel a chtes veran

di e an das El enent angel egte Spannu%&euzﬁq%ﬂgﬂ ei ner posi ﬁmmmﬂm | “@Hmd
ei ner negativen Spannung variiert vird. 15. Verfahren geni B Anspr uch

oder 14. wopelrudligkridlolobrit WdiBhbE Sind L &N tubka8C B8 hud™ Ebéi‘j“s‘iéh gRhbBSRNASNC n*Blirch
Verindern der ofg LEGS gEtlrdnﬁt&i Skt atdnDokisih, B ldieA BER ROSIRM El@%ai’é%l%@hﬁrbt
ei ner pOSItlveaasmﬂm@ﬂlsﬁﬁdsa&mweu&@qa&ﬁMﬁﬂuﬁmmmzeugt wird, eine
Recht eckwel | e, Dreieckwelle, Sinuswelle oder eine Kombination davon i st.
16. Verf ahr &n FaesigkdstameBmen gbmEtAnspiidner, wdlin @inOrishtidihgstegulidionsfilveanctief Innenoberfiiche
Recht eckwel | e von mintlesipsisinem Subdifht vorgeeshen ist. betrigt, wenn die Wellenform
ei ne Rechteckwelle ist. 17. Verfahren genaB mi ndestens ei nem der AnsprUche
13 bis 16, 9olitisigkigalilemers geledB Anepredh 8dwebeirder-QudrntidumgsregulatiansfimmeintOrientierungsregu-
hi ndur chgel as datipnsfimlistcder einer Krientiertirgsbeheridiung uriteszogen wiirde. an das El enent

angel egteo annung zw schen 0 und einer positiven Spannung oder zw schen 0
und ei ner &lUssj lameni ggmafgnindesteqs ginencder Aqgpriighe 71tis 9, wabahiegRsIupa an seiner
FI | ssi gkri st aI"P“S'FPE’@'F‘ VHFtrq“l?hf" ’°“@P @H"’l"lﬁ'& ?’?@E’h@t AR Q'aé'fﬂt'?ﬂ? aff?cfé‘r
ei n Li cht no- tra ; 'P g ?'? "é(l E’P

ni.ndest ens e| ""' "0 a‘%@f

das Verfdhren 532 ﬁgkﬁg}ﬁs r%_'géff‘f% B('j" d hé g? 3%"8

bl s 17 UITf aBt . or, tam G eno eram nW|I' fnqef) . | | |

BIIIL * C 11. I'VerfatMn waHe ﬁﬁ?(g%\ﬂés ém%a?mmges{eﬂé g”én? dé'lﬂn pﬁfkfh
R 10 welches Verfal das Austd der Zeo Vorsehen eines Onentlerungsregulatlon i esJa
dage, | aquel | e dar hiAbERHREHeS oM RinBdsRHS Sindrl SibSirat, 488 Filler o7 LEEKOMP 85 ik ftafiate-
C3-20, al coxy @ abrndimée ded! ik dbrezefiderthatedBn FBdsRBRRAMateNal tauoireCroipsratiM, 68 fnicht
chacun, i nd6pepAyBETEN die TeMbRrati i) b&t dbridas MatBriaPde ERerBEHAIKMASINGI T8 penFUsHgkeit £330 |
-0CO-, -CH2 CHZmd dasChikOhien deXMdibrials aub-oine TomberdticHlle nictit hoKelriit &iSdie TBmpPdratld, bei der

‘represent ent claameeral die Bigpecicasnanes Flussipkitabs et om@Bisi parm 15 20<D

'-# ot R =seprb6sente un groups optiquenrent actif conportant de 4 a 20
at ones de c32.Berighrencgems dogperc 51, worin dasnftiissighistalimateria i miteinen AbkUblegsgeschwindigkeite
asynbtri que etvopeichtamehr lse2tGirait [vereinar Temperaturp idigdidberrats die Jemperaiurhisti beitskaedasn
tant quo substkristelimetesal diet Eigangchafien eingr isatiopanciiidssigheil @eigh. aHfi oin® Tpmreraip i piedriger

vibant de O & &3 die)SemRetatyish bei dar das Mateqahdlel Figpnschfion eigers Fiflssighrisalpczejoh ahoekphit
mene tends. 2. W"@orrpose confornms | | a revendi cati on 1, dans lequel X et Y

sont chacun_choi si s JD COO- oCcoO-,
13. Verfahren 2ur FlUssngkeltsmodulatlon, welthes die Erzeugung eines elekirischen Feldes auf oder die

Anwendung einer Spannung an ein Flissigkristalleloment gem#8 Anspruch 10 umfaBt.

35 14. Verfahren nach Anspruch 13, wobei die Menge des durch das Fllssigkristallelement hindurchgelasse-
nen Lichtes veréindert wird, indem die an das Element angelegte Spannung zwischen einer positiven
Spannung und einer negativen Spannung variiert wird.

1 16. Verfahren gem#B Anspruch 13 oder 14. wobei die Wellenform des elektrischen Feldes, welches durch
40 Verindern der an das Flussigkristallelement angelegten Spannung zwischen einer positiven Spannung
und einer negativen Spannung erzeugt wird, eine Rechteckwelle, Dreieckwelle, Sinuswelle oder sine

Kombination davon ist.

16. Verfahren gem#B Anspruch 15, wobei die minimalste Breite der Rechteckwelle nicht mehr als 10 m sec
45 betrégt, wenn die Wellenform eine Rechteckwelle ist.

17. Verfahren gemi#B mindestens einem der Anspriiche 13 bis 16, wobei die Menge des durch das
Flussigkristallelement hindurchgelassenen Lichtes verfindert wird, indem die an das Element angelegte
Spannung zwischen 0 und einer positiven Spannung oder zwischen 0 und einer negativen Spannung

50 variiert wird.

18. Anzeigesinheit, FlUssigkristallanzeigevorrichtung, elektrooptische Anzeigevorrichtung oder ein Lichtmo-
dulationselement, umfassend ein Fllissigkristalleloment gem#B mindestens einem der Anspriiche 7 bis
10.
55
19. Anzeigeverfahren, weiches das Verfahren der Lichtmodulation gem3B8 mindestens einem der Anspriiche
13 bis 17 umfast.
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30 -CH2CH2-, -CH20- et -OCH2-. 3. Conpose conforne & | a revendicationm i —

(c):qu, dans | equol | %qups optiQU%geonlm%%h@l? est choi s;slmwlu@jlmlmi"l“l '
1* . ,C M5 %

-CH2-C H C2Hs51 -C H C6R13f -C H C511, -C H
CF3 40 Revendicationd 1* -C H C6HL3t -C
H CH3- COO- C25. 45 4. Conpose conforne a |'une des revendications 1 & 3,
dans | equel dgmpsB'ds tRmliesuvantd (Apupe al coxy, X represente -COO-, A represente
un groupe para-phenylene, R represente -C*H(CF3)(C6H s), mrepr6ésente un
nonbre entier valant 1 ou 2, et n vaut 0. 5. Conposition de cristal

i qui de, qui conpgen . pos4 de formul d (A) conf*orm;e al’ des 50
revendi cations 1 BT Co Y Admoet¥oBdwar CPOq&* de, cohfbrhe’ a | a
revendi cation 5, qui cwhtidnt de 1 A 99 parties en poids de conposd de

formulo (A) pour 100 parties en poids de conposition. 55 7. El6nent &

cri stale | i quieesclaquglisi R ceprisprimun graepeccheisi P de595qupes; Allle o8 Qieanx@lonit 87 Peres ot

di sposes | ' 1#HviBPniCicee MalogdnéoX et ¥ représemiont chacun, Jndépprdamment, uine F'@%‘?&'?‘s@sﬁa‘ﬁ‘e
est renpli QYpR oISt PaPlsCYOs rOCQ-oOH GHe 12 O- QPR &P rOQiHER- b CPr iAot Bde
cristal | i qUPRISeRie FRaryReindEppndampant iparoups eQistPaly 6. 38 EP 0 431 929 Bl

C L MIIY I 11l 8 EI6nment a cristal liquide, confornme | la
revendi’tation 7, dans lequel un filmde commangds d.orientatjon gst place
sur la face interne d' au noins ' un—4 ub .(:) El 6nxfht Ya t al
| i qui de, conforme a |a revendi cati on~8] dans ler fil ande
dierientation s est un filmde conmmande d' orientation qui a subi un

trigi t egpnt A=0rjeeQt ati on=10. El e .Cri st oy de, A lune
de%(r eventd ' 7 a s | qu t est une
6l ectrode transparente prdcee’sur ¥a Mce 4 ntefhe, et dans Tequel Un

pol ari seur est dispos6 sur |la face externe de chacun des substrats, de

toll e sorte efRe rdpsenl amngroupe optiduernéns attif comppetand b 4 20uatoridd de carbpiad, &6 geps S

f or mentzs un aogbr@nidas MOins An bibbhe, dectarope esyimétihe etcpopthrit dvalbielventuncowtplosisusst al

| i qui de est atimepdbelegéneen tast que subpiitiaaisi &t eLat 9 repiésardont chacynominpinba efitier vatent deun
angl e de +1(@ & & pour@: qupar etnaip wailient p@s tous e ddux pésmenimémhetemps-| ul e pour | aquelle
la lum bre transnise est e noins intense ou le plus intense. 11. Proced6
de~f abr i c&t i Gmpesé panfemedie rexendication 4 daps lganebiX et b shagun gheisig, pasmiy£QO-, -OCO-,
revenditat i offdeCHeg-Cte0- qtLfellet- 75 proced6é conprend le fait de forner une

cellule tout_en plagant un filmde co do d' lentation sur la face ..
i nt er ne d3'aLFWP%S”&H’"‘?L?O?t’?"gf'd,'caf"@ #&qrr%r’a% S V’%‘P?B(eiqmuf’e 8@‘35"6’?“&@'&3 %&Pﬁ'l e
avec la matiBF® A cristal liquide, le fait de chauffer la natiere A cristal
l'i qui dg contenue dans |a cellule a une tenperature au
CHj CH3 fﬂs C2Hs
-CHy-C*H-CaHs, ~C*H-CgHy3, -C*H-CsHyy, ~-C*H-CgHjq,
e’ o ?Fg f?;
- =C*H-CgHjy3, .. -C*H-CH3~C00-C,Hs.

45 4. Composé conforme A I'une des revendications 1 & 3, dans lequel R représente un groupe alcoxy, X
représente -COO-, A représente un groupe para-phényléne, R* représente -C'H(CF3)(CsHiz), m
représents un nombre sntier valant 1 ou 2, et n vaut 0.

5. Composition de cristal liquide, qui comprend un composé de formule (A) conforme & I'une des
50 revendications 1 2 4. .

6. Composition de cristal liquide, conforme 2 la revendication 5, qui contient de 1 & 99 parties en poids
de composé de formule (A) pour 100 parties en poids de composition.

s6 7. Elément A cristal liquide, qui comprend une cellule constituée de deux substrats disposés I'un en face

deo l'autre et séparés par un espace, lequel espace est rempli d'une matiére & cristal liquide,
comprenant une composition de cristal liquide conforme 2 la revendication 5 ou 6.
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noi ns egale a celle a laquelle cette Matibre presente |es ﬂlm umm m” 5
liquide isotrope, et le fait de ref Ipb% é‘agé{e matiere & ﬂu Hm ;
au plus GgaIeAceIIeAIaqueIIec ? re presente les*2dc '
proprietes d un cristal liquide. 12. Pr ocdd6é conforne a | a revendication
11, dans | aquekménna tashdl Rjuidie cohfarmaBl 1h Riéhditation 7,5daid ledublqmififiEde dBmbhaftie\d'driidtien de
ref roi di ssomest plabsaur 19 ko intdrme/diaih Moinsl RURWeS subBtst enper at ure superieure a
celle a laquelle cette matibre presente |es propri6t6s d' un |iquide

| SOt r ope | s QEEraent A eridtat iiquide adonfonei 21k ehverglication 8, daed lequelie Aln de commawpieat drientaien t e
mat i bre preseest en fiwsle perapandé terentdtianrquicr subitua ltraitemgutidtbéentatiGh. Procd4 de

nodul ation de lumere, qui conprend |le fait d etablir un chanp el ectrique
dans un el dfeeBiément & cristal dipuide; ernforas & by slesrtevendicatiopsor; & @adans tefiush chipgue sybstrat est

d' appl i quer ufun dapss¢lenyods t@&%ﬂaﬁeﬂfe@'aﬁéetfﬂ’ fadpcodnternge At dansigquel up Pqﬂf'@éd%ft disposé
conforne a | as¥ B/aedpeae;ds shacan deg sstrte figdplle sarter qupdes\plgng do p?'aé's ARSPHSS e

| umi bre ®r ans?ﬂ'%'ée“{? P"‘T“‘b?’bﬂﬂ?ﬁt“e 79 % 1% of [aofsldRe reaRl %ﬁ wafj fistal fiqyide est

| Rpaitiqn fpi 10' l] pvdf@a?é la
tnﬁgi't RN ﬂgﬁ%‘?‘ Yt Rl 8"3"% g 55 o BT S8t

| " onde de quaPB ﬁg Ell‘cg%% d%r?\E%f& cristal li ? confon¥\gl 5 tldgprege%dlci}io*s% (P I% uel
appl i que r&dffJE Wi i 7o e il ey
val eur gat'&?ac or aﬁ'd@‘?em lgj. gds)é\h idrd '8 Grispaind€
Si ”USOTda| € Ofbuidb Qe Fit cﬂ@iﬁ@rqg r S chﬁé li da er Q13 16hpBRatfe bt
revendi cat i onm&ﬁsé JARIScellE Vidliollh cAHBIRutisis breddnmd Iw&sprﬁﬁga@mwtaaldoﬁo Odi e faiflde
l‘a-vgeur 40 refrm.nedﬁalnaum 2\(A8! torParStuid! duSpldsgdib) aMBelld 4 TaBGME 08B - malidre pRRsits1E6
co&{ormazoa | progie®de a'uk ensanduigéait i ons 13 a 16, dans loquel on fait varier la
quantite de lumbre transnmse par |'element a cristal liquide en faisant
vari er | a tienBrocidé zppdring dcle révediciation| 13 aant Ieheel 2AIrefroidit Uan matided 2 wristqd diquide| & @ne ou
de zero & unevitesse aarrefrofifsadniontd'aul plug & G/nint depdis aihd tompéretere sdpésipure Rtcelfe 2 laquelle

d' af fi chage acaite imstitneiprésontgueschecpriétéi Ewoiiglitle otwbajubquithng émpbrtyteridérispreidcpete Hu
61 6ment & nodiatustie cotie tetidre nifsente los popisiée dancristthli®idenent a cr| st al liquide
confornme & |'une des revendications 7 a 10. 50 19 Proced6 d' affichage qui

fait appel & Brcddf de madulatien dederoiprac qubspmireend lorfaif dablityimrcharppsclectrioys, dang) wa slément
revendi cat i on& cristal liquide confarmes’) la revendication 10, ou d'appliquer une tension électrique & un tel élément.

30 14. Procédé conforme 2 la revendication 13, dans lequel on fait varier la quantité de lumidre transmise par
I'élément & cristal liquide en faisant varior la tension appliquée & cet élément enire une valeur positive
et une valeur négative.

15. Procédé conforme 3 la revendication 13 ou 14, dans lequel I'onde de champ électrique créée par la
35 variation de la tension appliquée & I'élément & cristal liquide entre une valeur positive et une valeur
négative est une onde rectangulaire, une onde triangulaire, une onde sinusoidale ou une combinaison

de telles ondes.

(' 16. Procédé conforme 2 la revendication 15, dans lequel I'onde est une onde rectangulaire dont la largeur
40 minimale ne vaut pas plus de 10 millisecondes.

17. Procédé conforme & l'une des revendications 13 3 16, dans lequel on fait varier la quantité de lumiére
transmise par I'éiément 3 cristal fiquide en faisant varier {a tension appliquée & cet élément de zéro &
une valeur positive, ou de zéro 2 une valeur négative.

18. Unité d'affichage, dispositif d'affichage 2 cristaux liquides, dispositif d'affichage électro-optique ou
élément 3 modulation de lumigre, comprenant un élément 2 cristal liquide conforme & I'une des
revendications 7 & 10.

s0 19. Procédé d'affichage qui fait appel & un procédé de modulation de lumiére conforme & I'une des
' revendications 13 & 17.
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