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FERROELECTRIC LIQUID CRYSTAL
COMPOSITION AND FERROELECTRIC
LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] Thepresent invention relates to a ferroelectric liquid
crystal, composition useful for a ferroelectric liquid crystal
display element and to a ferroelectric liquid crystal display
element.

BACKGROUND ART

[0002] Since being superior to a general nematic liquid
crystal in terms of quick response performance, a ferroelec-
tric liquid crystal (FLC) has been actively studied after a
surface-stabilized FLC (SSFLC) was proposed by Clark and
Lagerwall.

[0003] Although the ferroelectric liquid crystal is a liquid
crystal which has spontaneous polarization and which shows
ferroelectric properties, it has been known that aliquid crystal
having a permanent dipole moment in a direction perpendicu-
lar to a molecular long axis direction forms a chiral smectic C
(hereinafter abbreviated as “SmC*”) phase, even if being
averaged in total, the permanent dipole moments cannot be
counteracted to each other, and the spontaneous polarization
is generated, so that the ferroelectric properties are shown.
Hence, as the ferroelectric liquid crystal, a liquid crystal
having a SmC* phase has been frequently used. In addition,
instead of imparting optical active group (chirality) to a smec-
tic liquid crystal molecule, the SmC* phase may also be
obtained by addition of an optically active compound, and an
optical active compound having no liquid crystal properties
(no liquid crystal compound) may also be used. In this case, a
host liquid crystal showing a smectic C (hereinafter abbrevi-
ated as “SmC”) phase, which is not a chiral compound, is
generally used.

[0004] In the SmC* phase, among smectic phases each
having a layered structure, an alignment direction of a liquid
crystal molecule has a predetermined tilt with respect to the
layer normal. In addition, an angle (azimuth angle) inclined
with respect to the layer plane is slightly shifted by each layer,
and hence the molecular alignment generates a helical struc-
ture.

[0005] InSSFLC, aliquid crystal is aligned (homogeneous
alignment) using a substrate processed by a parallel align-
ment treatment so that the layer normal is parallel to a sub-
strate surface of a cell, and the thickness of a liquid crystal
layer is decreased, so that the helical structure is released, and
the possible range of the azimuth angle is restricted to two
ways. Accordingly, the bistability is obtained by a surface
stabilized alignment, so that a black-white binary display
having a memory characteristic can be obtained. However, in
the case of a liquid crystal TV, a high-quality full-color dis-
play is difficult to realize because of the bistability, and also in
a production process, when a liquid crystal heated to a high
temperature is sandwiched between substrates and is then
cooled into a SmC* phase, the interlayer distance is reduced
since the tilt is generated, and hence a chevron structure in
which a layer plane is bent to form an approximately V shape
appears, so that a zigzag defect is liable to occur (see Non-
Patent Literature 1). In addition, since having an inferior
pressure resistance, the SSFLC has a very serious problem in
that when a display element is pressed by a finger, a layer
structure is destroyed and is not self-restored.

Nov. 6, 2014

[0006] 1Inorderto overcome the problem that the full-color
display cannot be realized by the bistability, a distorted helix
(or deformed helix) ferroelectric liquid crystal (DHFLC)
which does not restrict the possible range of the azimuth angle
has also been known (see Non-Patent Literature 2). In this
method, the helical pitch of FLC is sufficiently decreased as
compared to the thickness of the liquid crystal layer between
substrates, and although a uniaxial birefringence having an
axis in a helix axial direction is obtained by no voltage appli-
cation, the birefringence is changed since the shift from the
helical sequence of the liquid crystal alignment gradually
occurs by voltage application, so that continuous gray scale
display canbe obtained. However, in the DHFLC disclosed in
Non-Patent Literature 2, since the layer is perpendicular to
the substrate surface, that is, since the layer normal direction
is approximately parallel to the substrate surface, there has
been a problem of viewing angle of the display element.
[0007] As a method to improve the viewing angle of a
nematic liquid crystal display element, new display methods,
such as an in-plane switching (IPS) method and a vertically
alignment (VA) method in which a vertically alignment treat-
ment is performed on a substrate so as to enable liquid crystal
molecules to be aligned approximately perpendicular to the
substrate surface (homeotropic alignment), have been practi-
cally used. The vertically alignment method is a method to
improve the viewing angle in which although an electric field
in a direction perpendicular to the substrate 1s used, the ver-
tical alighment of liquid crystal molecules is used. In addi-
tion, IPS is a method to improve the viewing angle by switch-
ing horizontally aligned liquid crystal molecules using a
lateral electric field in a direction parallel to the substrate.
[0008] As examples in which those methods are applied to
DHFLC, Non-Patent Literatures 3 and 4 have reported a
liquid crystal display element in which an in-plane electrode
formed of a pair of comb electrodes is disposed on a lower-
side substrate, and a lateral electric field is applied to DHFLC
in which liquid crystal molecules are approximately verti-
cally aligned by using an vertically alignment layer.

[0009] In addition, in Non-Patent Literature 5, an optical
modulator has been reported in which while a lateral electric
field is applied to DHFLC in which liquid crystal molecules
are approximately vertically aligned, light incidence of laser
light for readout is performed from various directions. How-
ever, in a smectic C liquid crystal and a chiral smectic C liquid
crystal, since liquid crystal molecules are characterized to
form a layer structure while being tilt-aligned, even if the
vertically alignment layeris used, the liquid crystal molecules
are not aligned perpendicular to the substrate surface, and
although a matter to be aligned perpendicular to the substrate
surface should be the layer normal, the control of the layer
normal of the smectic liquid crystal has not been studied at all.
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SUMMARY OF INVENTION

Technical Problem

[0015] Inrecent years, application of touch panel type dis-
play elements has been increasingly expanded, and in the case
in which a touch panel electrode (switch) is incorporated in a
liquid crystal display element, even if a pressing force is
repeatedly applied to a liquid crystal layer, an excellent align-
ment restoring ability has been desired. In addition, in optical
elements, such as an optical path switching element, a wave-
length conversion element, and an energy conversion ele-
ment, in order to improve the reliability, an excellent pressure
resistance has also been desired.

[0016] The present invention has an object to provide a
ferroelectric liquid crystal composition having an excellent
alignment restoring ability and a ferroelectric liquid crystal
display element.

Solution to Problem

[0017] After intensive research on physical properties of
various ferroelectric liquid crystal compositions was carried
out by the inventors of the present application to overcome the
above problems, it was found that when the layer normal
direction of a Sm*C phase is controlled, even if a pressing
force is applied to a substrate, and the interlayer distance of
the smectic phase is partially or entirely contracted thereby,
the helical structure of the Sm*C phase can be maintained by
the restoring ability thereof as long as the layer structure is
maintained, and hence, the present invention was made. The
present invention provides, in a ferroelectric liquid crystal
composition which has a chiral smectic C phase and which
contains at least one type of liquid crystal compound, a fer-
roelectric liquid crystal composition characterized in that
when the ferroelectric liquid crystal composition is sand-
wiched between substrates, a layer normal direction of the
chiral smectic C phase with respect to the substrate surface is
80° to 90°. In addition, the present invention also provides a
ferroelectric liquid crystal display element using the ferro-
electric liquid crystal composition described above.

Advantageous Effects of Invention

[0018] Since having an excellent alignment restoring abil-
ity, the ferroelectric liquid crystal composition and the ferro-
electric liquid crystal display element of the present invention
may also be effectively used for application in which a press-
ing force is repeatedly applied.
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DESCRIPTION OF EMBODIMENTS

<Ferroelectric Liquid Crystal Composition>

[0019] A ferroelectric liquid crystal composition of the
present invention can be obtained in such a way that when a
liquid crystal compound. a chiral compound, and the like,
which will be described later, are blended together and sand-
wiched between substrates, preparation is performed so thata
layer normal direction of a chiral smectic C phase is inclined
by 80° to 90° with respect to the substrate surface. In the
present invention, the layer normal is defined as the normal
line to a smectic layer (layer) formed of a ferroelectric liquid
crystal composition. Although it has been known that the
layer of liquid crystal is swayed by thermal motion, in this
embodiment, when a ferroelectric liquid crystal bulk in a
display element is averagely observed by x-ray and/or retar-
dation measurement, the layer normal may be perpendicular
to the substrate.

[0020] In the ferroelectric liquid crystal of the present
invention sandwiched between substrates, when the layer
normal direction of the Sm*C phase is 80° to 90° with respect
to the substrate surface, even if the intetlayer distance of the
Sm*C phase or the distance between the substrates is partially
or entirely contracted by a pressing force applied thereto, the
restoring ability can be maintained without destroying the
layer structure. That is, in a liquid crystal optical element
using the ferroelectric liquid crystal composition of the
present invention, when a pressing force is applied to the
substrate, since the direction of the force is approximately
perpendicular to the layer normal, it is believed that the heli-
cal pitch is decreased while the layer structure is maintained.
When the pressure is released, since the ferroelectric liquid
crystal composition of the present invention has an inherent
helical structure which is determined by the type and addition
amount of a chiral compound and the temperature, the same
state as the state before the pressure application in which the
layer distance is determined in association with the helical
pitch is restored. In addition, in either case of pressure appli-
cation or pressure release, since the direction of the force is
perpendicular to the layer normal, the force is applied in a
direction in which defects, such as dislocations and disincli-
nations, of liquid crystal are not generated, so that the layer
structure is not distorted thereby.

[0021] On the other hand, when the layer normal direction
is inclined with respect to the substrate surface, since mol-
ecules present between the layers are overlapped with each
other, and the volume thereof is decreased, the layer structure
is destroyed, and the helical structure cannot be maintained
while the layer structure is maintained. Hence, some ferro-
electric liquid crystal composition may have no alignment
restoring ability generated by a restoring ability of the helical
pitch distance.

[0022] Inthe present invention, although being 80° to 90°,
the layer normal direction with respect to the substrate surface
is preferably 85° to 90° and more preferably 88° to 90°.
[0023] In order to enable the helical structure of the ferro-
electric liquid crystal composition not to be released in the
cell, the helical pitch of the chiral smectic C phase sand-
wiched between the substrates is preferably equal to or less
than the cell gap. As selective reflection which is determined
in association with the helical pitch used for the display
element, a wavelength of 500 nm or less is preferable. In
addition, depending on the application, the selective reflec-
tion may be at 760 nm to 5 um. Furthermore, the selective
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reflection is preferably at a wavelength which cannot be rec-
ognized by human eyes. From this point of view, a selective
wavelength of 360 to 400 nm is preferably for a short pitch,
and a selective reflection at 760 to 830 nm is preferable for a
long pitch. When the ferroelectric liquid crystal composition
is used for an optical element, the selective reflection prefer-
ably corresponds to a signal wavelength and is not limited to
the above wavelengths.

[0024] In a process for manufacturing a liquid crystal dis-
play element, in order to charge a liquid crystal between
substrates without generating any alignment defects, a phase
transition from a nematic phase to a smectic phase is prefer-
ably performed by slow cooling. For this purpose, a phase
sequence of isotropic liquid-chiral nematic phase-smectic A
phase-chiral smectic C phase (ISO-N*-SmA-SmC*) or a
phase sequence of isotropic liquid-chiral nematic phase-
chiral smectic C phase (ISO-N*-SmC¥*) is preferably
expressed. In this case, another phase, such as a blue phase
(BP), ata higher temperature side than that of a nematic phase
may also be expressed, and for example, a phase sequence of
isotropic liquid-blue phase-chiral nematic phase-smectic A
phase-chiral smectic C phase, or a phase sequence of isotro-
pic liquid-blue phase-chiral nematic phase-chiral smectic C
phase may be mentioned. In addition, a liquid crystal which
expresses a phase sequence of isotropic liquid-chiral smectic
C phase (ISO-SmC*) may also be used.

[0025] In order to increase the tilt angle of a liquid crystal
compound, a smectic A phase is preferably absent in the
phase sequence, and as a concrete example, INC (ISO-N*-
SmC*) or IC (ISO-SmC*) may be mentioned.

[0026] In order to obtain a preferable alignment, the pitch
of a chiral nematic phase or a chiral smectic C phase may be
increased as long as possible. For this purpose, as a pitch
canceller which is an additive to cancel the pitch, at least two
types of chiral compounds having different chiralities are
preferably used in combination so as to increase the pitch by
canceling the pitch. In this case, it is preferable to select
compounds having the same sign of spontaneous polarization
so as not to cancel the spontaneous polarizations therebe-
tween, or even if the signs of spontaneous polarizations are
opposite to each other, it is also preferable to use a compound
having a large spontaneous polarization value and a com-
pound having a small spontaneous polarization value in com-
bination to obtain a sufficient difference in spontaneous
polarization therebetween. In addition, in accordance with
desired selective wavelength and intensity of the spontaneous
polarization, at least two chiral compounds are preferably
appropriately used in combination in consideration of the
direction of the helix of a chiral nematic phase or a chiral
smectic C phase and the direction of the spontaneous polar-
ization. In addition, it is also preferable to select a chiral
compound so as to obtain a sufficiently excellent alignment
without performing pitch cancellation as described above. In
addition, an additive which suppresses the change in pitch
caused by temperature is also preferably added.

[0027] The ferroelectric liquid crystal composition of the
present invention is a ferroelectric liquid crystal composition
which contains at least one type of liquid crystal compound
and which has a Sm*C phase and is preferably used to be
sandwiched between substrates of an optical element such as
a ferroelectric liquid crystal display element. The optical
element may be either a display element or a non-display
element, and in the case of a display optical element, for
example, this ferroelectric liquid crystal composition may be
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used for a liquid crystal television, a liquid crystal monitor, a
tablet PC monitor, a mobile phone monitor, a measuring
instrument monitor, a monitor for an entertainment good,
such as pachinko, a ticket vending machine monitor, an auto-
matic vending machine monitor, a monitor for a home appli-
ance, such as a remote controller, a water heater, a rice cooker,
or an air conditioner, a digital signage, point of purchasing
advertising (POP), an electronic time table, an electronic
display board, an electronic price tag, an electronic black
board, an electronic notebook, an electronic textbook, an
electronic book, or an electronic medical card. In addition, in
the case of a non-display optical element, for example, this
ferroelectric liquid crystal composition may be used for a
light path switching element, a wavelength conversion ele-
ment, an energy conversion element, or an UV, an IR, a near
IR, a far IR, a visible light, or an electron beam wavelength
conversion element, or may also be used as an electronic
material for a resister, a capacitor, a transistor, an electron/
hole transport layer, or the like.

[0028] In the present invention, the ferroelectric liquid
crystal composition is characterized in that even if a pressing
force is applied to the substrate, the change in helical structure
of the Sm* phase is small. Hence, although being able to be
used for an optical element to which no external force is
applied, the ferroelectric liquid crystal composition of the
present invention is preferably used for a display optical
element, such as a touch panel, which is configured so that an
external force is applied thereto.

[0029] The ferroelectric liquid crystal composition used in
the present invention may contain a chiral compound
(dopant) in a host liquid crystal (host liquid crystal), and
furthermore, a monomer (polymerizable compound) which
realizes a polymer stabilization may be arbitrarily added.
[0030] Inorder to fix the state in which the liquid crystal is
aligned by an alignment layer or the like without causing any
alignment defects, the phase transition is preferably per-
formed at least from a nematic phase to a smectic phase by
slow cooling, and the substrate surface of a liquid crystal cell
to be used is more preferably flat. In addition, in the case in
which a monomer is added, the monomer is required to be
polymerized while being placed in a network or a dispersed
state in a liquid crystal phase, such as a nematic phase or a
smectic phase. Furthermore, in order to avoid the formation
of a phase separation structure, the content of the monomer is
preferably decreased, and in order to form a polymer between
liquid crystalmolecules while the liquid crystal is aligned, the
content and composition of a precursor of the polymer is
preferably adjusted. In addition, in the case of photopolymer-
ization, an UV exposure time, an UV exposure intensity, and
the temperature are preferably adjusted so as to form a net-
shaped polymer without generating liquid crystal alignment
defects. By the use of the ferroelectric liquid crystal compo-
sition as described above, an optical element having high
reliability against a pressing force can be obtained, and in
particular, in the case of a display element, a liquid crystal
display element which has a low drive voltage, which can
perform a halftone display, which has a high reliability
against a pressing force, and which also has a high contrast
can be obtained.

<Liquid Crystal Compound>

[0031] As a liquid crystal compound used as the host, a
liquid crystal compound represented by the following general
formula is preferable.
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[Chem. 1]

(1.C-0)
R—Z—A—+Z—A7Z—R

(In the formula, R each independently represent a linear or a
branched alkyl group having 1 to 18 carbon atoms, a hydro-
gen atom, or a fluorine atom, at least one —CH,— group of
the alkyl group may be substituted by —O—, —S—,
—C0—, —(C0—0— —0—-C0— —CO—5—
—s-Cc0—, —0—80,—, —SO0—0—, —0—CO—,
CH—CH—, —C=C—, a cyclopropyl group, or —Si(CH,)
,— so that oxygen atoms or sulfur atoms are not directly
bonded to each other, and at least one hydrogen atom of the
alkyl group may be substituted by a fluorine atom, a chlorine
atom, a bromine atom, or a CN group;

[0032] 7 each independently represent —O—, —S—,
~ 0, CO- 0, 0 CO, O CO O,
—CO—NR*—, —NR)—CO—, —OCH,—,

~ CH,0—, SCH,—, —CH,S—, —0-S0,, SO,
00—, —CF,0—, —OCFy,—, —CF,5—, SCF,—,
— CH,CH,—, —CF,CH,—, —CH,CF,—, —CF,CF,—,
—CH=CH—, —CF=CH—, CH=CF—, —CF=CF—,
~(=C, - CH=CH-CO-O0—, O CO—
CH—CH—, or a single bond, and R* of —CO—N(R*)— or

[Chem. 2]
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—N(R*)—CO— represents a hydrogen atom or a linear or a
branched alkyl group having 1 to 4 carbon atoms; and
[0033] A each independently represent a cyclic group
selected from a phenylene group, a cyclohexylene group, a
dioxolanediyl group, a cyclohexenylene group, a bicyclo|[2,
2,2]octylene group, a piperidinediyl group, a naphthalenediyl
group, a decahydronaphthalenediyl group, a tetrahydronaph-
thalenediyl group, or an indanediyl group, at least one
—CH= group in the ring of the above phenylene group,
naphthalenediyl group, tetrahydronaphthalenediyl group, or
indanediyl group may be substituted by a nitrogen atom, one
—CH=— group or at least two —CH,— groups which are not
adjacent to each other in the ring of the above cyclohexylene
group, dioxolanediyl group, cyclohexenylene group, bicyclo
[2,2,2,2]octylene group, piperidinediyl group, decahy-
dronaphthalenediyl group, tetrahydronaphthalenediyl group,
or indanediyl group may be substituted by —O— and/or
—S—, at least one hydrogen atom of the above cyclic group
may be substituted by a fluorine atom, a chlorine atom, a
bromine atom, a CN group, or a NO, group or by an alkyl
group having 1 to 7 carbon atoms, an alkoxy group, an alkyl
carbonyl group, or an alkoxy carbonyl group, at least one
hydrogen atom of each of which may be substituted by a
fluorine atom or a chlorine atom, and

nrepresents 1,2,3,4,or5.)

[0034] In addition, liquid crystal compounds (LC-I} to
(LC-III) represented by the following general formulas are
preferable.

(LCD)
()|<)n
2—Y—Z2. /~7
N/ ? / 7I—Y— Z\
Cyclo4—Z—R
fl3 A .
(LC-II)
Z—R
4
(LC-IIT)
Z—R
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(In the formulas, R each independently represent a linear or a
branched alkyl group having 1 to 18 carbon atoms, a hydro-
gen atom, or a fluorine atom, at least one —CH,— group of
the alkyl group may be substituted by —O—, —S—,
—C0—, —(C0—0— —0—CO0— —CO—5
—s8-Cc0—, —0—-S80,—, —SO0,—0—, —O0—CO—
O—, CH=CH—, —C=C—, a cyclopropyl group, or —Si
(CH;),— so that oxygen atoms or sulfur atoms are not
directly bonded to each other, and at least one hydrogen atom
of the alkyl group may be substituted by a fluorine atom, a
chlorine atom, a bromine atom, or a CN group;

[0035] Z each independently represent —O—, —S—,
—C0—, —(C0—0—, —0—-C0—, —0—L0—0—,
—CO—NR")—, —NR“—CO—, —OCH,—,

—CH,0—, —SCH,—, —CH,S8—, —0—S0,—,—S0,—
0—, —CF,0—, —OCF,— —CF,S—, —SCF,—,
—CH,CH,—, —CF,CH,—, —CH—CF,—, —CF,CF,—
—CH—CH—, —CF—CH—,—CH—CF—, —CF—CF—,
—C=C—, —CH=CH—CO—0—, —0—CO0—
CH—CH—, or a single bond, and R* of —CO—N(R“)— or
—N(R*)—CO— represents a hydrogen atom or a linear or a
branched alkyl group having 1 to 4 carbon atoms:

[Chem. 3]
()|()n
)
Y
R—7Z
(X)n
_\ 7—Y—
Z—Y—Z
R—Z
X
|_\ 7I—Y—17
Z—\—Z
R—Z

Nov. 6, 2014

[0036] Y each independently represent a single bond or a
linear or a branched alkylene group having 1 to 10 carbon
atoms, at least one methylene group present in the alkylene
group each may be independently substituted by —O—,
—CO—, —COO— or —OCO— so that oxygen atoms are
not directly bonded to each other, and at least one hydrogen
atom present in the alkylene group each may be indepen-
dently substituted by a halogen atom or an alkyl group having
1 to 9 carbon atorms;

[0037] X each independently represent a halogen atom, a
cyano group, a methyl group, a methoxy group, —CF—, or
—OCF;;

[0038] n each independently represent an integer of 0 to 4;
[0039] although n,, n,, n,, and n, each independently rep-
resent O or 1, n,+n,+n,+n,=1 to 4 holds; and

[0040] Cyclo each independently represent a cylcoalkane
having 3 to 10 carbon atoms and may arbitrarily include a
double bond.)

[0041] In this case, Cyclo preferably represents cyclohex-
ane (cyclohexylene group), and for example, liquid crystal
compounds (LC-I") to (LC-IIT") represented by the following
general formulas are preferable.

(LC-T)

(X)r

7I—Y—7
"3
7—Y—7Z
N
H Z—R
n

4

(LC-IT)

(LC-IIT)



US 2014/0327862 Al

(In the formulas, R each independently represent a linear or a
branched alkyl group having 1 to 18 carbon atoms, a hydro-
gen atom, or a fluorine atom, at least one —CH,— group of
the alkyl group may be substituted by —O—, —S—,
-—c0—, (00— —0O0-C0—- —CO—-S—
—s—C0—, —0—S0,—, —S0,—0—, —0—CO—
0O—, —CH=CH—, —C=C—, a cyclopropyl group, or
—Si(CH;),— so that oxygen atoms or sulfur atoms are not
directly bonded to each other, and at least one hydrogen atom
of the alkyl group may be substituted by a fluorine atom, a
chlorine atom, a bromine atom, or a CN group;

[0042] 7 each independently represent —O—, —S—,
—0—, —(C0—0— —0—-L0— —0—-L00—
—CO—NR")—, —NR“—CO—, —OCH,—,

—CH,0—, —SCH,—, —CH,S8—, —0—S0,—,—S0,—
O0—, —CF,0—, —OCF,—, —CF,S—, —SCF,—,
—CH,CH,—, —CF,CH,—, —CH,CF,—, —CF,CF,—,
—CH—CH—, —CF—CH—,—CH—CF—, —CF—CF—,
—C=C—, —CH=CH—CO—0—, —0—CO0—
CH—CH—, ora single bond, and R* of —CO—N(R*)— or
—N(R*)—CO— represents a hydrogen atom or a linear or a
branched alkyl group having 1 to 4 carbon atoms:

[Chem. 4]

Xll XIZ

11 1 ll_~
RM—+Cyclo-Y—L"-Y ”

Y—L12-y
\

Xl7 XIS
Xll XIZ X13
RU~Cyelo- Y —L"=Y - Y—L2-y
1
X17 XIS x{lQ
Xll XIZ
RU-Cyclo-Y—LM-Y Y—LR=Y

7
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[0043] Y each independently represent a single bond or a
linear or a branched alkylene group having 1 to 10 carbon
atoms, at least one methylene group present in the alkylene
group each may be independently substituted by —O—,
—CO—, —COO0— or —OCO— so that oxygen atoms are
not directly bonded to each other, and at least one hydrogen
atom present in the alkylene group each may be indepen-
dently substituted by a halogen atom or an alkyl group having
1 to 9 carbon atoms;

[0044] X each independently represent a fluorine atom, a
chlorine atom, a bromine atom, a cyano group, a methyl
group, a methoxy group, a—CF, group, or a—OCF; group;

[0045] n each independently represent an integer of 0 to 4;
and
[0046] although n,, n,, n,, and n, each independently rep-

resent O or 1, n,+n,+n;+n=1 to 4 holds.)

[0047] In order to express liquid crystal properties, 1,4-
substituted ring is preferable. That is, as a cyclic divalent
group included in the liquid crystal compound, for example,
a 1,4-cyclohexylene group, a 1,4-phenylene group, or a 2,5-
pyrimidinediy] group is preferable.

[0048] For example, liquid crystal compounds (LC-Ia) to
(LC-I1Ia) represented by the following general formulas are
preferable.

(LC-Ta)

XIS XIG

Y—LB-y Y —L*—Y—CycloaR 12
1
[
XZI XZZ
(LC-la)
X14 XIS X16
Y—L1B-y Y—LM—Y—Cyclo—};}RIZ
1
c
X20 X21 X22
(LC-ITIa)
XIS X16
Y—LB-y Y —1M*-Y —Cyclo—R "2
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(In the formulas, although R*! and R'? each independently
represent a linear or a branched alkyl group having 1 to 18
carbon atoms or a fluorine atom, R'* and R'2 do not simulta-
neously represent a fluorine atom, at least one —CH,—
group ofthe alkyl group may be substituted by —O—, —S—,
-—c0—, (00— —0O0-C0—- —CO—-S—
—8—CO0—,—0—CO—0—,—CH=CH—,—C=C—,a
cyclopropyl group, or —Si(CH;),— so that oxygen atoms or
sulfur atoms are not directly bonded to each other, and at least
one hydrogen atom of the alkyl group may be substituted by
a fluorine atom or a CN group;

[0049] X'!to X*? each independently represent a hydrogen
atom, a fluorine atom, a CF, group, or an OCF, group;
[0050] L'' to L' each independently represent a single
bond, —O—, —S—, —CO—, —CH,0—, —OCH,—,
—CF,0—, —O0CF ,—,—CO0—0—,—0—C0—,—CO0—
§—, —S—CO0— —O0-CO—0O— —CH,CH,—,
—CH=CH—, or —(C=C—;

[0051] Y each independently represent a single bond or a
linear or a branched alkylene group having 1 to 10 carbon
atoms, at least one methylene group present in the alkylene
group each may be independently substituted by —O—,
—CO—, —COO— or —OCO— so that oxygen atoms are
not directly bonded to each other, and at least one hydrogen
atom present in the alkylene group each may be indepen-
dently substituted by a halogen atom or an alkyl group having
1 to 9 carbon atoms; although a’, b, ¢*, and d' each indepen-
dently represent an integer of 0 or 1, a'+b'+c'+d" represents
1, 2, or 3, when ax represents 0, d* represents 0, when a'
represents 1, ¢! represents 0, when c* represents 1, a* repre-
sents 0, and when b'=c'=1 holds, a'=d'=0 holds; and
[0052] Cyclo each independently represent a cylcoalkane
having 3 to 10 carbon atoms and may arbitrarily include a
double bond.)

[0053] In addition, liquid crystal compounds (LC-IV) and
(LC-V) represented by the following general formulas are
preferable.

[Chem. 5]
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(In the formula, although R'' and R'? each independently
represent a linear or a branched alkyl group having 1 to 1.8
carbon atoms or a fluorine atom, R'" and R*? do not simulta-
neously represent a fluorine atom, at least one —CH,—
group of the alkyl group may be substituted by —O—, —S—,
—Cc0—, —(C0—0—, —0-C0— —CO—=S5—
—S—CO0—,—0—LCO0—0—,—CH—CH—,—C=C—,a
cyclopropyl group, or —Si(CH,),— so that oxygen atoms or
sulfur atoms are not directly bonded to each other, and at least
one hydrogen atom of the alkyl group may be substituted by
a fluorine atom or a CN group;

[0054] the ring A' represents a 1,4-phenylene group or a
1,4-cyclohexylene group, in each of which one to four hydro-
gen atoms may be substituted by a fluorine atom, a CF, group,
an OCF; group, a CN group, or a plurality of the groups
mentioned above;

[0055] the ring B' represents a 1,4-phenylene group in
which one to four hydrogen atoms may be substituted by a
fluorine atom, a CF, group, an OCF; group, a CN group, ora
plurality of the groups mentioned above;

[0056] the ring C' represents a 1,4-cyclohexylene group in
which one to four hydrogen atoms may be substituted by a
fluorine atom, a CF; group, an OCF; group, a CN group, or a
plurality of the groups mentioned above;

[0057] L each independently represent a single bond,
—(0—, —8— —(£0— —CHO— —OCH,—,
—CF,0—,—0CF,—,—C0—0—,—0—CO0—,—CO—
5— —S$€0— —0—C0—0— —CHCH—,
—CH=—CF—, or —C=C—;

[0058] Y each independently represent a single bond or a
linear or a branched alkylene group having 1 to 10 carbon
atoms, at least one methylene group present in the alkylene
group each may be independently substituted by —O—,
—CO—, —COO— or —OCO— so that oxygen atoms are
not directly bonded to each other, and at least one hydrogen
atom present in the alkylene group each may be indepen-
dently substituted by a halogen atom or an alkyl group having
1 to 9 carbon atoms; and

[0059] a' represents 0, 1, or 2, b' and ¢' each represent an
integer of 0, 1, or 2, and the sum ofa*, b', and ¢’ represents 1,
2,0r3))

LCIV)

N
AT 1 e 1
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[Chem. 6]

XZI X22

o2

X27

(In the formula, although R*! and R** each independently
represent a linear or a branched alkyl group having 1 to 18
carbon atoms or a fluorine atom, R** and R** do not simulta-
neously represent a fluorine atom, at least one —CH,—
group of the alkyl group may be substituted by —O—, —S—,
c0o— —C0—0—- —0C0O—- —CO—S—
—S—CO—,—0—CO0—0—,—CH=CH—,—C=C—,a
cyclopropyl group, or —Si(CH, ),— so that oxygen atoms or
sulfur atoms are not directly bonded to each other, and at least
one hydrogen atom of the alkyl group may be substituted by
a fluorine atom or a CN group;

[0060] X*'toX*” each independently represent a hydrogen
atom, a fluorine atom, a CF, group, or an OCF, group;
[0061] L' to [** each independently represent a single
bond, —O—, —S—, —CO—, —CH,0—, —OCH,—,
—CF,0— —OCF,—,—C0—0—,—0—CO0— —CO—
s, —s-C0— —0-CO—0— —CH,CH—,
—CH=CH—, or —C=C—, and the definition of Y is the
same as that of the formula (LC-IV); and

[0062] although a®, b*, ¢?, and d* each independently rep-
resent an integer of 0 or 1, a*+b>+c+d? represents 1, 2, or 3,
when a” represents 0, d* represents 0, when a” represents 1, c*
represents 0, and when b*=c?=1 holds, a*=d*=0 holds.)
[0063]
an inclined smectic phase necessary to express ferroelectric

In a phenylpyrimidine compound, in order to obtain

properties, to increase a molecular tilt angle, or to decrease
the melting point, as a substituent on the ring of the molecule,
at least one of a fluorine atom, a CF, group, and an OCF,
group is preferably introduced. A fluorine atom having a
small shape is preferably introduced as the substituent so as to

[Chem. 7]

XZ 1 X22
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(LC-V)

X3 x4 x5 X
Y_LZZ_Y>_<©7Y_ L23_Y>_<j>{&7_L24_YAC>>R22
2 2 12

stably maintain the liquid crystal phase and to retain the rapid
response performance. The number of substituents is prefer-
ably 1to 3.

[0064] In order to decrease the viscosity and to perform a
rapid response, a linker (—7—Y—7—or—Y-L-Y—) con-
necting rings is preferably selected from a single bond,
—CH,0—, OCH,—, —CF,0—, —OCF,—,
—CH,CH,—, —CH—CH—, and —C=CH— and in par-
ticular, a single bond is preferable. In order to suppress local

polarization of the molecule and to reduce adverse influence
on switching behavior, a single bond is also preferable. On the
other hand, as a material to maintain the stability of the layer
structure, a material having a higher viscosity is preferable,
and in this case, one selected from —CO—O—,
—0—CO—, —CO—S—, and —S—CO— 1is preferably
used, and in particular, —CO—O— or —O—CO— 15 pref-
erably used.

[0065] On the other hand, in order to enhance an effect of
decreasing the melting point, a hydrogen atom, a methyl
group, an ethyl group, a propyl group, a pentyl group, ahexyl
group, a heptyl group, an octyl group, a nonyl group, an
isopropyl group, an alkyl carbonyloxy group, an alkyloxy
carbonyl group, or an alkyloxy carbonyloxy group is prefer-
ably used for at least one of the side chains (R, R**, R4, R,
and R*).

[0066] As a compound which is suitable to increase An,
which exhibits a stable ferroelectric liquid crystal phase,
which has a low viscosity, and which is suitable for a rapid
response, a liquid crystal compound (L.C-VI) represented by
the following general formula is preferable.

(LC-VD)
X23

x24
N
R?! Q Y—L—Y>—</:\>—<Y—L—Y Y—L—Y4<:>>7R22
AR 1 e 1
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(In the formula, R*! and R** each independently represent a
linear or a branched alkyl group having 1 to 18 carbon atoms,
a hydrogen atom, or a fluorine atom,

at least one —CH,— group of the alkyl group may be sub-
stituted by —O— —S— —CO— —CO—0—,
—0—CO0—, —CO—S8—, —S—CO—, —0—S80,—,
—80,—0—,—0—CO—0—,—CH—CH—, —C=C—,
a cyclopropyl group, or —Si(CH;),— so that oxygen atoms
or sulfur atoms are not directly bonded to each other, and at
least one hydrogen atom of the alkyl group may be substituted
by a fluorine atom, a chlorine atom, a bromine atom, or a CN
group;

[0067] X'*to X**each independently represent a hydrogen
atom, a halogen, a cyano group, a methyl group, a methoxy
group, a CF; group, or an OCF; group;

[0068] the ring A" represents a phenylene group ora cyclo-
hexylene group;,

[0069] L each independently represent a single bond,
-—0—, —S8- —CO—, —CHO—-, —OCH,—,
—CF,0—, —OCF,—,—CO0—0—,—0—CO0—,—CO—
$—, —S-CO— —O-—CO—0O—, —CH,CH—,
—CH=CH—, or —C=C—, and the definition of Y is the
same as that of the formula (IL-IV); and

[0070] a' represents 0,1, or 2, b' and ¢' each represent an
integer of 0, 1, or 2, the sum of a'+b"+c* represents 1 or 2,
when a'=1 holds, c'=0 holds, and when c'=1 holds, a'=0
holds.)

[0071] Y of the above general formulas (L.C-I) to (LC-VI)
each preferably independently represent a single bond or an
alkylene group having 1 to 7 carbon atoms (at least one
methylene group present in the alkylene group each may be
independently substituted by —O—, —CO—, —COO—, or
—OCO— so that oxygen atoms are not directly bonded to
each other);

[0072] more preferably, each independently represent a
single bond or an alkylene group having 1 to 5 carbon atoms
(at least one methylene group present in the alkylene group
each may be independently substituted by —O—, —CO—,
—COO—, or—OCO—so that oxygen atoms are not directly
bonded to each other); and

[0073] more preferably, each independently represent a
single bond or an alkylene group having 1 to 3 carbon atoms
(at least one methylene group present in the alkylene group
each may be independently substituted by —O—, —CO—,
—CO0—, or—OCO—so that oxygen atoms are not directly
bonded to each other).

[0074] As a compound which is suitable for TFT drive,
which exhibits a stable ferroelectric liquid crystal phase,
which has a low viscosity, and which is suitable for a rapid
response, a liquid crystal compound (LC-VII) represented by
the following general formula is particularly preferable.

[Chem. 8]
(LC-VID)

XZI XZZ XZS XZG X23 X24

Al
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(In the formula, e’ represents 0 or 1;

[0075] although X*! to X*® each independently represent a
hydrogen atom or a fluorine atom group, when e' represents
0, at least one of X! to X** represents a fluorine atom, and
when e’ represents 1, at least one of X*! to X?° represents a
fluorine atom;

[0076] R>'andR**eachindependently represent a linear or
a branched alkyl group having 1 to 18 carbon atoms, and at
least one —CH,— group of the alkyl group may be substi-
tuted by —O—;

[0077] L*® represents a single bond, —CH,0—, or
—OCH,—; and

[0078] the ring A represents a phenylene group or a cyclo-
hexylene group.)

[0079] For a liquid crystal compound used for the ferro-
electric liquid crystal composition of the present invention,
the above (LC-0), (LC-I) to (LC-III), (LC-IV), (LC-V), (LC-
V), (LC-VII), and the like may be used alone, or at least two
thereof may be used in combination.

<Chiral Compound>

[0080] The ferroelectric liquid crystal composition used for
aliquid crystal device of the present invention may contain a
chiral compound. As the chiral compound, any one of a com-
pound having an asymmetric atom, a compound having axial
asymmetry, and a compound having plane asymmetry may be
used, the chiral compound may or may not have a polymer-
izable group, and at least one chiral compound may be used.
In this embodiment, it is regarded that the compound having
axial asymmetry includes an atropisomer.

[0081] As those chiral compounds, a compound having an
asymmetric atom or a compound having axial asymmetry is
preferable, and in particular, a compound having an asym-
metric atom is preferable. In the compound having an asym-
metric atom, when the asymmetric atom is an asymmetric
carbon, it is preferable since the stereoinversion is unlikely to
occur; however, a hetero atom may also function as the asym-
metric atom in some cases. The asymmetric atom may be
introduced in either a chain structure or a cyclic structure.
When a strong helical twisting power is particularly required,
a compound having axial asymmetry is preferable.

[0082] As the compound having an asymmetric atom, a
compound having an asymmetric atom in its side chain por-
tion, a compound having an asymmetric atom in its cyclic
structure portion, and a compound having asymmetric atoms
in the above two portions may be mentioned. In particular, a
compound represented by the following general formula (Ch-
1) may be mentioned.

[Chem. 9]
(Ch-T)

RIOO_(_AIOO_Zlooa m £D5 m EZIOI—AIOIﬂ > RlOl
m n m

[0083] Although R'® and R'®* each independently repre-
sent a hydrogen atom, a cyano group, NO,, a halogen, OCN,
SCN, SF., a chiral or an achiral alkyl group having 1 to 30
carbon atoms, or a chiral group including a polymerizable
group or a cyclic structure, one CH, group or at least two CH,
groups which are not adjacent to each other of the alkyl group
each may be independently substituted by —O—, —S—,
—NH—, —N(CH;)—, —CO—, —CO0—, —0CO—,
—0C0—0—, —S—0—, —CO0—S—, —CH=CH—,
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—CF,—, —CF—CH—, —CH—CF—, —CF—CF—, or
—C—, at least one hydrogen atom of the alkyl group each
may be independently substituted by a halogen or a cyano
group, and the alkyl group may have a linear, a branched, or
a cyclic structure.

[0084] As the chiral alkyl group, the following formulas
(Ra) to (Rk) are preferable.

[Chem. 10]
o (Ra)
i * R3
(@) iy
X3
o (Rb)
X3
i *
0 M R?
X3
o Re)
f R3
0\ I
X x
o Rd)
4{ £
0 ,13* R}
(6]
RS
o (Re)
% R
* *
O 3
O (0]
N
Q
[Chem. 11]
o w (R
_€O ity 3
X3
Rg)
, (Rh)
R
*
_60 3
nq
X x
Ri)
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-continued
Rj)
R3
(@] n —
—~oyh
0, 0}
\Q/
[Chem. 12]
Rk)
\/(X3)k

\

[0085] R?and R’ each independently represent a linear or a
branched alkyl group having 1 to 10 carbon atoms or a hydro-
gen atom, at least one —CH,— group of the alkyl group may
be substituted by —O—, —S—, —NH—, —N(CH;)—,
—0—, —C0—0—, —0-CO—, —0—LCO0—0—,
—8—-C0—, —CO—S— —0—-S80,—, —S0,—0—,
—CH=—CH—, —C=C—, a cyclopropyl group, or —Si
(CH),—, at least one hydrogen atom of the alkyl group may
be substituted by a fluorine atom, a chlorine atom, a bromine
atom, or a cyano group, and the alkyl group may have a
polymerizable group.

[0086] As the polymerizable group, structures represented
by the following formulas (R-1) to (R-15) are preferable.

[Chem. 13]
R-1)
0
/\[( ~
0
R-2)
I
N
0
(R-3)
CF;
N
0
(R4)
0N
(R-5)
/\ O/
R-1
N
7 Soco—
0
R-7)
O/
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-continued
(R-8)
O/
O
CH,
(R-9)
O
(R-10)
H;C
H;C
(6]
(R-11)
S
(€]
(R-12)
O
(R-13)
(0]
| =
(6]
(R14)
(6]
|~
CcOo0—
(@]
(R-15)
—SH

[0087] Those polymerizable groups are cured by radical
polymerization, radical addition polymerization, cationic
polymerization, and anionic polymerization. In particular,
when UV polymerization is performed as a polymerization
method, the formula (R-1), (R-2), (R-4), (R-5), (R-7), (R-11),
(R-13), or (R-15) is preferable, the formula (R-1), (R-2),
(R-7), (R-1), or (R-13) is more preferable, and the formulas
(R-1) and (R-2) are more preferable. In the chiral group
including a cyclic structure, either an aromatic cyclic struc-
ture or an aliphatic cyclic structure may be used. As a cyclic
structure that the alkyl group is able to form, a single cyclic
structure, a condensed cyclic structure, or a spiro cyclic struc-
ture may be mentioned, and at least one hetero atom may be
included therein.

[0088] In addition, X? and X* each preferably represent a
halogen atom (F, Cl, Br, or I), a cyano group, a phenyl group
(at least one arbitrary hydrogen atom of the phenyl group may
be substituted by a halogen atom (F, Cl, Br, or I), a methyl
group, a methoxy group, —CF, or —OCF,), a methyl group,
amethoxy group, —CF;, or —OCF;. However, in the general
formulas (Rc) and (Rh), when the position marked with an
asterisk * is a position of the asymmetric atom, different
groups are selected for X' and X*.

[0089] Inaddition,n,represents an integer of 0to 20,andn,
represents ) or 1;
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[0090] R’ of the general formulas (Rd) and (Rj) preferably
represents a hydrogen atom or a methyl group;

[0091] Q ofthe general formulas (Re) and (Rj) represents a
divalent hydrocarbon group, such as a methylene group, an
isopropylidene group, or a cyclohexylidene group;

[0092] k of the general formula (Rk) represents an integer
of 0 to 5; and
[0093] more preferably, a linear or a branched alkyl group

having 4 to 8 carbon atoms, such as R,—C,H,, C;H,;, or
C,H, ,, may be mentioned. In addition, as X>, F, CF, or CH,
is preferable.

[0094] Among those mentioned above, the following is
preferable.
[Chem. 14]
CnHZnH CnHZnH
—~0% —eo»o—(
CH; CF,

Colap

—eoao—F

F

(Inthe formulas, o represents O or 1, nrepresents an integer of
2 to 12, preferably 3 to 8, and more preferably 4, 5, or 6, and
an asterisk * represents a chiral carbon atom.)

[0095] In the above general formula (Ch-T), R*® and R*®*
each more preferably represent a chiral group so as to collec-
tively form a dichiral compound. As the dichiral compound, a
compound having an ester bond is preferable since the self
polarization is increased, and a compound having an ether
compound is also preferable since the tilt angle is increased or
the alignment during voltage application is stabilized.
[0096] Z7'° and Z'°* each independently represent —O—,
—S—, —CO0—, —CO0—, —0CO—, —O0—C00—,

~CO-NR%—, —NR®R% CO—, —OCH,,
—CH,0—, —SCH,—, —CH,S—, —CF,0—, —OCF,—,
~CF,S—, —SCF,, —CHCH,, —CF,CH,,
— CH,CFy—, —CF,CF,—, —CH—CH—, —CF—CH—,
— CH—CF—, — CF—CF—, —C=C—, —CH=—CH -

COO—, —0OCO—CH=CH—, or a single bond, and
although R* of —CO—N(R“}— or —N(R*}—CO— repre-
sents a hydrogen atom or a linear or a branched alkyl group
having 1 to 4 carbon atoms, —CF,0—, —OCF,—,
—CF,CF,—, —CF=CF—, —C00—, —0OCO—,
—CH,—CH,—, —C=C—, or a single bond is preferable.
[0097] A'°° and A'®! each independently represent

(a) a trans-1,4-cyclohexylene group (in this group, one
—CH,— or at least two —CH,— groups which are not
adjacent to each other may be independently substituted by
—O—or—S8—),

(b) a 1,4-phenylene group (in this group, one —CH— or at
least two —CH=— groups which are not adjacent to each other
may be substituted by a nitrogen atom), or

(c) a group selected from the group consisting of a 1,4-
cyclohexenylene group, a 1,4-bicyclo[2,2,2]octylene group,
indane-2,5-diyl, a naphthalene-2,6-diyl group, a decahy-
dronaphthalene-2,6-diyl group, and a 1,2,3,4-tetrahy-
dronaphthalene-2,6-diyl group (in one of those functional
groups of this group (c), one —CH,— or at least two
—CH,— groups which are not adjacent to each other each
may be independently substituted by —O— or—S— and in
one of those functional groups of this group (¢), one —CH—
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or at least two —CH=— groups which are not adjacent to each
other may be substituted by a nitrogen atom). However, all the
groups mentioned above may be unsubstituted or each may be
substituted at at least one position by a halogen, a cyano
group, or NO, or by an alkyl having 1 to 7 carbon atoms, an
alkoxy, an alkyl carbonyl or an alkoxy carbonyl group, in each
of which at least one hydrogen atom may be substituted by F
or Cl.

[0098] Although A'® and A'°! of the general formula (Ch-
1) each preferably represent 1,4-phenylene or trans-1,4-cy-
clohexylene, those rings are preferably unsubstituted or are
preferably substituted at at least one of positions 1 to 4 by F,
Cl, CN, an alkyl having 1 to 4 carbon atoms, an alkoxy, an
alkyl carbonyl, or an alkoxy carbonyl.

[0099] n'! represents O or 1; when n'' represents 0, m'?
represents 0, and m*! represents 0, 1, 2, 3, 4, or 5; when n'!
represents 1, m'" and m'* each independently represent 0, 1,
2,3,4,o0r 5;and whenn'* represents 0, atleast one of R**° and
R'® represent a chiral alkyl group or a chiral group having a
polymerizable group or a cyclic structure.

[0100] Whenn'' and m'? each represent 0, m'" preferably
represents 1, 2, or 3; whenn'* represents 1, m*! and m'? each
preferably represent 1, 2, or 3.

[0101] D represents a substituent each represented by the
following formulas (D1) to (D8).

[Chem. 15]
(D1
(D2)
D3)

H_ . 00—
D4

HZ*/COO_

CH;
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-continued
D5)

(D6)

©7)

(D§)

@) ®
ch>< H
H

B 07 =

(In the formulas, at least one arbitrary hydrogen atom of the
benzene ring may be substituted by a halogen atom (F, Cl, B,
or 1), an alkyl having 1 to 20 carbon atoms, or an alkoxy
group, a hydrogen atom of the alkyl or the alkoxy group may
be arbitrarily substituted by a fluorine atom, and a methylene
group of the alkyl or the alkoxy group may be substituted by
-—0—, —S—-, —CO00—, —0CO— —CF,—,
—CF—CH—, —CH—CF—, —CF—=CF—, or —(C=C—
so that oxygen atoms or sulfur atorms are not directly bonded
to each other.)

[0102] In a partial structure, -(A'°°-Z**°)m''-(D)n'!-
(Z*°*-AYm'2-, of the general formula (Ch-I), when n'!
represents 0, as the partial structure, the following structures
are preferable.

[Chem. 16]

(IV-b1)

(IV-b2)
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-continued
(IV-b3)
(TV-b4)

(IV-b%)
(IV-b6)
(Iv-b7)

aOaUan s

(IV-b3)
[Chem. 17]

(TV-b9)

: ’ :
(IV-b10)

: ’ :
(IV-b11)

: ’ :
(IV-b12)

a0t Uavs

(IV-b13)

(However, in those formulas, at least one arbitrary hydrogen
atom of the benzene ring may be substituted by a halogen
atom (F, Cl, Br, or I), a methyl group, a methoxy group,
—CF;, or —OCF,, at least one arbitrary carbon atom of the
benzene ring may be substituted by a nitrogen atom, and the
introduction of those substituents and nitrogen atom is pref-
erable to decrease the crystallinity and to control the direction
and intensity of dielectric anisotropy. The definition of Z is
the same as that of Z'°° and Z'°* of the formula (Ch-I).) In
view of the reliability, compared to a hetero ring, such as a
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pyridine ring or a pyrimidine ring, a benzene ring and a
cyclohexane ring are preferable. In order to increase the
dielectric anisotropy, although a compound having a hetero
ring, such as a pyridine ring or a pyrimidine ring, is preferably
used, in this case, this type of compound has a relatively high
polarity, and the crystallinity is decreased, so that the liquid
crystal properties can be preferably stabilized. On the other
hand, when a hydrocarbon ring, such as a benzene ring or a
cyclohexane ring, is used, the polarity of the compound is
low. Hence, in accordance with the polarity of the chiral
compound, an appropriate content thereof is preferably
selected.

[0103] When n'' and m'? each represent 0, preferable
structures of the compound represented by the general for-
mula (Ch-I) are as shown below.

[Chem. 18]
(Ch-I-)
1,100
Lioi
(Ch-1-2)
1,102 1100
RIOOQCOO RiO!
L103 LlOl
(Ch-13)
1,100
R100 RI0I
1101
(Ch-1-4)
1102 1100
1,103 1101
(Ch-1-5)
1102 L1060
RIOOOZIDOQCFZO RIOI
1,103 L0l
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-continued
(Ch-1-6)
7,104 1102 7,100
7,105 1,103 7101
(Ch-1-7)
7,100

RIOO RlOl

.

&

.

g

Lios
(Ch-1-8)

LIOO

RIOO RlOl

e

CFZCF2—<:>7CFZO

&

L 101
[Chem. 19]

(Ch-1-9)
L102 LIOO
RlOl

RI00 CF,0

3
&

s
&

L103 LlOl
(Ch-1-10)
L104 LIOZ L100

RIOO Con RlOl

S
&

LIOS L103 LlOl
(Ch-1-11)
L100
RlOl

RI00 CF,0

:

&

1101

(Ch-I-12)
LIOZ LIOO
RlOl

R100 CF,0

.

3

1,103 1101
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-continued
(Ch-I-13)
L 104 L 102 L 100
Rl 01

RI0 CF,0

&
3

L105 Ll(’3 LlOl
(Ch-1-14)
LIOO
RlOl

R100 CF,0

LlOl

[Chem. 20]

(Ch-I-15)
LIOO
RlOl

R100 Co0

:

&

LlOl

(Ch-I-16)
LIOZ LIOO
RlOl

RI0 Coo

L103 LlOl
(Ch-I-17)
L]04 LIOZ LIOO

RIOO CcO0 RlOl

&

1,105 7,103 1101

(Ch-I-18)

L102 LIOO

Rrlol

s

7,103 1,101

(Ch-1-19)
RIOOO_O_QCFZO

LIOO

RlOl

&

1,101
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-continued
(Ch-1-20)
LIOO

RIOO

L102
OGCOOQQRIOI
L103

(Ch-I-21)

LlOl
[Chem. 21]
(Ch-1-22)
7,104 1102 1,100
. Q Q Q R
7,105 1,103 7,101
(Ch-1-23)
1102 1,100
. Q Q . R
L10 LlOl
(Ch-1-24)
1,102 7,100
. . Q Q R
1,103 7,101
[Cherm. 22]
(Ch-1-25)
101 7,100
[Chem. 23]
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-continued
(Ch-1-26)
LlOl L100

(Ch1-27)

L]Ol LI(IO

RIOO RIOI

(Ch-T-28)

L]Ol LI(IO
(Ch-1-29)

LlOl L100

[0104] In the formulas, R*®, R**, and Z'° represent the

same meanings as those of R'°°, R'®!, and Z'°° of the general
formula (Ch-I), at least one of R'°° and R*®! represents a
chiral group, and L'%° to L'°® each independently represent a
hydrogen atom or a fluorine atom.

[0105] Whenn'' represents 1, although the compound rep-
resented by the general formula (Ch-I) has a structure in
which an asymmetric atom is present in a cyclic structure
portion, a chiral structure D is preferably represented by
formula (D5).

[0106] As the compound represented by the general for-
mula (Ch-T) when D is represented by the formula (D5), in
particular, the following compounds represented by the fol-
lowing formulas (D5-1) to (D3-8) are preferable.

(D5-1)

H

D5-2)

H
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-continued

[0107] (R? each independently represent an alkyl group
having 3 to 10 carbon atoms, —CH,— adjacent to a ring of
this alkyl group may be substituted by —O—, and arbitrary
—CH,— may be substituted by —CH—CH—.)

[0108] As the axial asymmetric compound, compounds
represented by the following general formulas (Ch-1I), (Ch-
11I), and (Ch-II1) are preferable.

(Ch-ID)
R81+ASI—ZSI—)ES)fSI—CH*SI—XSZ—(—ZSZ—A82—>;£82

(Ch-TIT)

Ysi Z84
R81+Z81—A81+Z82 CH*82
gy d
785

(Ch-VD)
REI AB1— 781y X8I x82_¢ 782 582y R®
81 mg

XB 78— AR
83

[0109] R®',R*2 R® andY® eachindependently represent
a linear or a branched alkyl group having 1 to 30 carbon

D5-3)

(D5-4)

(D5-6)

(D5-7)

(D5-8)

atoms, a hydrogen atom, or a fluorine atom, at least one
—CH,— of the alkyl group may be substituted by —O—,
—S—, —NH—, —N(CH;)—, —CO—, —CO—0—,
—0—CO—, —0—CO—0—, —S—CO—, —CO—S5—,
—0—80,—, —80,—0—, —CH—CH—, —C=C—, a
cyclopropyl group, or —Si(CH, ),— so that oxygen atoms or
sulfur atoms are not directly bonded to each other, at least one
hydrogen atom of the alkyl group may be further substituted
by a fluorine atom, a chlorine atom, a bromine atom, or aCN
group, the alkyl group may have a polymerizable group, the
alkyl group may include a condensed or a spiro cyclic system,
the alkyl group may include at least one aromatic or aliphatic
ring which is able to include at least one hetero atom, and the
rings described above each may be arbitrarily substituted by
an alkyl group, an alkoxy group, or a halogen;

[0110] Z®', 7% 7%, 7% and 7% each independently rep-
resent an alkylene group having 1 to 40 carbon atoms, and at
least one —CH,— of the alkyl group may be substituted by
—0—, —S—, —NH—, —N(CH)—, —CO—, —C0O0—,
—0Cc0—, —0C00—, —S—CO0—, —CO—S—,
—CH=—CH—, —CH—CF—, —CF—=CH—, —CF—=CF—,
—CF,—, or —C=C— so that oxygen atoms or sulfur atoms
are not directly bonded to each other;
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[0111] X*', X®, and X* each independently represent
—0—, — 8-, —P—, —CO—, —CO0—, —0OCO—,
—0CO00—, —CO—NH—, —NH—CO—, —CH,CH,—,
—OCH,—, —CH,0—, —SCH,—, —CH,8—,
—CF—=CF—, —CH—CH—, —OCO—CH—CH—,
—C=C—, or a single bond;

[0112] A®'. A*2 and A*? each independently represent a
cyclic group selected from a phenylene group, a cyclohexy-
lene group, a dioxolanediyl group, a cyclohexenylene group,
a bicyclo[2,2,3]octylene group, a piperidinediyl group, a
naphthalenediyl group, a decahydronaphthalenediyl group, a
tetrahydronaphthalenediyl group, or an indanediyl group, at
least one —CH— group in the ring of the phenylene group,
naphthalenediyl group, tetrahydronaphthalenediyl group, or
indanediyl group may be substituted by a nitrogen atom, one
—CH,— group or two —CH,— groups which are not adja-
cent to each other in the ring of the cyclohexylene group,
dioxolanediyl group, cyclohexenylene group, bicyclo[2,2,3]
octylene group, piperidinediyl group, decahydronaphtha-
lenediyl group, tetrahydronaphthalenediyl group, or
indanediyl group may be substituted by —O— and/or —S—,
and at least one hydrogen atom of the cyclic group may be
substituted by a fluorine atom, a chlorine atom, a bromine
atom, a CN group, or a NO, group or by an alkyl group having
1to 7 carbon atoms, an alkoxy group, an alkyl carbonyl group
or an alkoxy carbonyl group, in each of which at least one
hydrogen atom may be substituted by a fluorine atom or a
chlorine atom; and

[0113] my,, mg,, and mg, each represent O or 1, and mg, +
Mg,+Mg; represents 1, 2, or 3.

[0114] CH*®, CH**, and CH*** represent the following
groups.
R63
R64
R65
R66
R67
R6S
[0115] R%,R%,R%,R%% R, and R%® each independently

represent a hydrogen atom, an alkyl group, an alkoxyl group,
an acyloxy group, a halogen atom, a haloalkyl group, or a
dialkylamine group, two of R®, R®, and R may form a
methylene chain which may have a substituent or may form a
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mono- or a poly-methylenedioxy group which may have a
substituent, and two of R%, R%’, and R%® may form a meth-
ylene chain which may have a substituent or may form a
mono- or a poly-methylenedioxy group which may have a
substituent. However, when R® and R%® each represent a
hydrogen atom, the cases described above are excluded.

[0116] In more particular, compounds represented by the
following general formulas (IV-d4), (IV-d5), (IV-cl), and
(IV-c2) are preferable. In the cases of (IV-d4), (IV-d5), and
(IV-c2), the axis of the axial asymmetry is a bond connecting
the o positions of the two naphthalene rings, and in the case
of (IV-cl), the axis of the axial asymmetry is a single bond
connecting the two benzene rings.

[Chem. 25]
(IV-d4)
XN ATI=ZT1 R
may
X2 ATI—72 3 R
72
(IV-d5)

O\CHZ X”—(—A”—Z”—)—mR”
7
o—Cl R
[Chem. 26]
. (IV-c1)
R
R64
RSS - PRSY,
RES PR®),

RGS
(IV-c2)

j ﬁ\é
\/
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[0117] In the general formulas (IV-d4) and (TV-d5),
although R”* and R7*each independently represent hydrogen,
a halogen, a cyano (CN) group, an isocyanate (NCO) group,
an isothiocyanate (NCS) group, or an alkyl group having 1 to
20 carbon atoms, at least one arbitrary —CH;— of this alkyl
group may be substituted by —O—, —S— —COO—,
—0CO0—, —CH—CH—, —CF—CF—, or —C=C—, and
arbitrary hydrogen of this alkyl may be substituted by a halo-
gen;

[0118] although A™* and A7 each independently represent
a three-, a six-, or an eight-membered aromatic or non-aro-
matic ring or a condensed ring having at least 9 carbon atoms,
arbitrary hydrogen of the above rings may be substituted by a
halogen, an alkyl having 1 to 3 carbon atoms, or a haloalkyl
group, at least one—CH;— ofthe ring may be substituted by
—0—, —S—, or —NH—, and at least one —CH=— of the
ring may be substituted by —N—;

[0119]
single bond or an alkylene group having 1 to 8 carbon atoms,
arbitrary —CH;— may be substituted by —O—, —S—,
—C00—, —0CO—, —CSO—, —0OCS—, —N—N—,
—CH—N—, —N—CH—, —N(O)—N—, —N—N(O)—,
—CH=—CH—, —CF—=CF—, or —C=C—, and arbitrary
hydrogen may be substituted by a halogen;

although Z"* and Z"? each independently representa

[0120] X"' and X" each independently represent a single
bond, —COO—, —OCO—, —CH,0—, —OCH,—,
—CF,0—, —OCF,—, or —CH,CH,—; and m"* and m”*
each independently represent an integer of 1 to 4. However,
one of m”* and m”* in the general formula (IV-d5) may rep-
resent 0.

[0121] R” represents a hydrogen atom, a halogen atom, or
the same meaning as that of —X"*-(A7'-Z")—R"",

[0122] Inthe general formulas (IV-c1)and (IV-c2), at least
one of X% and Y is present and at least one of X% and Y&
is present, and X', X%, Y®', and Y®* each independently
represent one of CH,, C—=0, O, N, S, P, B, and Si. In addition,
in the case of N, P, B, or Si, X%, X%, Y*, and Y% may be
bonded to a substituent, such as an alkyl group, an alkoxy
group, or an acyl group, so as to satisfy a predetermined
atomic valence.

[0123] ES* and E®* each independently represent a hydro-
gen atomn, an alkyl group, an aryl group, an allyl group, a
benzyl group, an alkenyl group, an alkynyl group, an alkyl
ether group, an alkyl ester group, an alkyl ketone group, a
heterocyclic group or a derivative thereof.

[0124] In addition, in the general formula (IV-c1), R%" and
R5? each independently represent a phenyl group which may
be substituted by an alkyl group, an alkoxyl group, or a
halogen atom, a cyclopentyl group, or a cyclohexyl group;
and

[0125] R%,R** R* R R and R* eachindependently
represent a hydrogen atom, an alkyl group, an alkoxyl group,
an acyloxy group, a halogen atom, a haloalkyl group, or a
dialkylamine group, two of R%, R®*, and R®® may form a
methylene chain which may have a substituent or a mono- or
poly-methylenedioxy group which may have a substituent,
and two of R%, R%, and R® may form a methylene chain
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which may have a substituent or a mono- or poly-methylene-
dioxy group which may have a substituent.

[0126] However, when R®® and R%® eachrepresent a hydro-
gen atom, the cases described above are excluded.

[0127]
is particularly required, the compounds represented by the

In the case in which a strong helical twisting power
general formulas (IV-d4) and (IV-dS) are specifically prefer-
able.

[0128]
represented by the following formulas (E-1) to (E-3) are

As the axial asymmetric compound, compounds

preferable.

[Chem. 27]

(E-)

:Zw

(E-2)

Zw

(E-3)

R0

(R? each independently represent an alkyl group having 3 to
10 carbon atoms, —CH,— adjacent to the ring of this alkyl
group may be substituted by —O—, and arbitrary —CH,—
may be substituted by —CH—CH—.) In the cases of (E-1),
(E-2), and (E-3), the axis of the axial asymmetry is a bond
connecting the o positions of the two naphthalene rings.

[0129]
the following helicene derivative is preferable.

As the plane asymmetric compound, for example,
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[Chem. 28]

(IV-c3)

(In the formula, at least one of X' and Y®' is present and at
least one of X% and Y®* is present, and X', X% Y*', and Y**
each independently represent one of CH,, C=0, O, N, S, P,
B, and Si. In addition, in the case of N, P, B, or Si, X°*, X%,
Y®, and Y®* may be bonded to a substituent, such as an alkyl
group, an alkoxy group, or an acyl group, so as to satisfy a
predetermined atomic valence.

[0130] E°' and E®* each independently represent a hydro-
gen atom, an alkyl group, an aryl group, an allyl group, a
benzyl group, an alkenyl group, an alkynyl group, an alkyl
ether group, an alkyl ester group, an alkyl ketone group, a
heterocyclic group, or a derivative thereof.) In the helicene
derivative as described above, since the front-to-back posi-
tional relationship of rings which are overlapped in a front-
to-back direction cannot be freely changed, the case in which
the rings form a clockwise helical structure is discriminated
from the case in which the rings form an anticlockwise helical
structure, so that the chirality is expressed.

<Polymerizable Compound>

[0131] The ferroelectric liquid crystal composition in the
liquid crystal display device of the present invention may
contain at least one type of polymerizable compound. As the
polymerizable compound, a polymerizable compound hav-
ing a cyclic structure (mesogenic supporting group), such as
a cyclohexane skeleton or a benzene skeleton, and a com-
pound having no mesogenic supporting group may be used.
[0132] As the polymerizable compound having a
mesogenic supporting group, a polymerizable compound
represented by the following general formula (PC1) is pref-
erable.

[Cherm. 20]

(PCT)
(PI_SPI_Q]_)TI%V[G_(_RIO)n 1’

(In the formula, P, represents a polymerizable group, Sp,
represents a spacer group having 0 to 20 carbon atoms, Q,
represents a single bond, —O—, —OCH,—, —CH,0—,
—C,H,— —(C00—, —0CO—, —CH=CH—, —CO—,

~0C00—, —NH-, —NHCOO -, —OCONH,
—OCOCH,—, —CH,0CO—, —COOCH,—,
~ CH,CO00—, —CH—CH COO—, —OCO—

CH—CH—, — CH—CH0CO—, —COO—CH—CH—,
~ CH—CCH,COO—, —COO—CCH,—CH—,
~COOC,H,—, —OCOCH,—, —C,,0C0,

19
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—C,H,C00—, —C—, —CF,0—, or —OCF,—, n,, and
n,, each independently represent 1, 2, or 3, and MG repre-
sents a mesogenic group or a mesogenic supporting group;
and

[0133] R,, represents a hydrogen atom, a halogen atom, a
cyano group, or an alkyl group having 1 to 25 carbon atoms,
at least one CH, group of the alkyl group may be substituted
by —0—, —S—, —NH—, —N(CH,)— —CO—,
—C00—,—0CO—, —0CO0—, —SCO0—,—COS—, or
—C=C—, or R, represents P,-Sp,-Q,- (in the formula, P,,
Sp,, and Q, each independently represent the same meaning
of one of P, Sp,, and Q,).)

[0134] Inthe general formula (PC1), MG is preferably rep-
resented by the following structure.

[Chem. 30]
_Cl—Yl—(—Cz—Yz‘)chz—

(In the formula, C, to C; each independently represent a
1,4-phenylene group, a 1,4-cyclohexylene group, a 1,4-cy-
clohexenyl group, a tetrahydropyran-2,5-diyl group, a 1,3-
dioxane-2,5-diyl group, a tetrahydrothiopyran-2,5-diyl
group, a 1,4-bicyclo(2,2,2) octylene group, a decahydronaph-
thalene. 2,6-diyl group, a pyridine-2,5-diyl group, a pyrimi-
dine-2,5-diyl group, a pyrazine-2,5-diyl group, a 1,2,3,4-tet-
rahydronaphthalene-2,6-diyl group, a 2,6-naphthylene
group, a phenanthrene-2,7-diyl group, a 9,10-dihydro-
phenanthrene-2,7-diyl group, a 1,2,3,4.4a,9.10a-octahydro-
phenanthrene 2,7-diyl group, or a fluorene 2,7-diy! group, the
1,4-phenylene group, 1,2,3,4-tetrahydronaphthalene-2,6-
diyl group, 2,6-naphthylene group, phenanthrene-2,7-diyl
group, 9,10-dihydrophenanthrene-2,7-diyl group, 1,2,3,4,4a,
9,10a-octahydrophenanthrene 2,7-diyl group, and fluorene
2,7-diyl group each may have as a substituent, at least one of
F, Cl, CF;, OCFj, a cyano group, an alkyl group having 1 to
8 carbon atoms, an alkoxy group, an alkanoyl group, an
alkanoyloxy group, an alkenyl group having 2 to 8 carbon
atoms, an alkenyloxy group, an alkenoyl group, and an alk-
enoyloxy group, Y, and Y, each independently represent
—C00—, —0CO0—, —CH,CH—, —OCH,—,
—CH,0—,—CH—CH—,—C=C—,—CH=—CHCOO—,
—OCOCH—CH—, —CH,CH,C0—, —CH,CH,0CO—,
—COOCH,CH,—, —OCOCH,CH,—, —CONH—,
—NHCO—, or a single bond, and n, 5 represents 0, 1, or 2.)
[0135] Sp, and SP, each preferably independently repre-
sent an alkylene group having 1 to 15 carbon atoms, at least
one hydrogen atom present in the alkylene group each may be
independently substituted by a halogen atom, a cyano group,
a methyl group, or an ethyl group, at least one CH, group
present in this group may be substituted by —O—, —S—,
—NH—, —N(CH;)—, —CO—, —COO—, —0OCO—,
—0CO0—,—SCO—, —COS—, or—C=C—so that oxy-
gen atoms are not directly adjacent to each other, and P, and
P, each preferably independently have the structure repre-
sented by one of the following general formulas (R-1) to
(R-15).
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[Chem. 31]

ot

o]

CH;

CF

(R-1)

(R-2)

(R-3)

(R4)

(R-5)

R-1)

®R-7)

[Chem. 32]

Ry

I
H,C=C—C00—Y, Y, Y,

20
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-continued
R-8)
O/
€]
CH;
R-9)
(€]
(R-10)
H;C
il
@)
(R-11)
St
(6]
(R-12)
6]
(R-13)
@]
N —_—
(R14)
|
CO0—
(6]
(R-15)
—SH

Those polymerizable groups are cured by radical polymer-
ization, radical addition polymerization, cationic polymer-
ization, and anionic polymerization. In particular, when UV
polymerization is performed as a polymerization method, the
formula (R-1), (R-2), (R-4), (R-5), (R-7), (R-11), (R-13), or
(R-15) is preferable, the formula (R-1), (R-2), (R-7), (R-11),
or (R-13) is more preferable, and the formulas (R-1) and
(R-2) are more preferable.

[0136] The polymerizable compound having a mesogenic
supporting group represented by the general formula (PC1)
may be represented by the following general formula (PC1)-0
having one polymerizable group in its molecule.

(PC1)-0

Y}*—R,,

114
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[0137] Inthe formula, R,, represents a hydrogen atom or a
methyl group, 6-membered rings T,, T,, and T; each inde-
pendently represent one of the following compounds (how-
ever, m represents an integer of 1 to 4), and n, , represents an

integer of 0 or 1.
-
-
~ -
}
</ \>
s
~ )~

1

(Bl (F)m

[Chem. 33]

Resee

5>

In addition, Y,, Y,, and Y, each independently represent a
single bond, —O—, —OCH—, —CH,0—, —C,H,—,

(PC1)-3

[Chem. 35]
(Wl)ﬂs (Wl)ﬂs
®—Sp— Ql%QZ_SPZ Py,
(Wpng (Wi)ng (Wi)ng
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—C00—, —0CO—, —CH—CH—, —CO—,
—0C00—, —NH—, —NHCOO—, —OCONH—,
—OCOCH,—, —CH,0CO—, —COOCH,—,
—CH,C00—,  —CH=CH—CO0—, —0CO—

CH—CH—, —CH—CH—0OCO—, —COO—CH=—CH—,
—CH=CCH;—CO0—, —CO0—CCH;=CH—,
—COOC,H,—, —OCOC,H,—, —C,H,0CO—,
—C,H,C00—, —C=C—, —CF,0—, or —OCF,—, and
Y, represents a single bond, —O—,—COO—, or —OCO—;
and

R, represents a hydrogen atom, a halogen atom, a cyano
group, an alkyl group having 1 to 20 carbon atoms, an alkenyl
group having 1 to 20 carbon groups, an alkoxy group having
1 to 20 carbon atoms, or a hydrocarbon group having 1 to 20
carbon atoms.

[0138] The polymerizable compound having a mesogenic
supporting group represented by the general formula (PC1)
may be represented by general formulas (PC1)-1 or (PC1)-2
each having at least two polymerizable groups in its mol-
ecule.

[Chem. 34]

(PC1)-1

(Pl_spl_Qﬁn—z%V[G'(—Qz—S

PP 2

(PC1)-2
(PI_QI_),,_Z%V[G_(_QZ_

PZ)n 2

[0139] In the formulas, P,, Sp;, Q,, P, Sp,, Q,, and MG
represent the same meanings as those of the general formula
(PC1), and n, and n, each independently represent 1, 2, or 3.

[0140] As the general formula (PC1)-1, at least one type of
polymerizable compound selected from the group consisting

of compounds represented by the following general formulas
(PC1)-3 to (PC1)-11 is preferable.

(Pl_spl_QH%//_| \ / | \ / R NS

(Wy)ng (Wi)ng

(Wng

(Pl_SPI_QIW/_l_‘\>7 / | \ / |—\\\/;Q2—sp2—1>2)n22
Coo

(Wp)ng Wpng

(PC1)-4
(W ng
_Spl_Ql@ 4<:\7CQ2—3P2—P2);122
(PC1)-5
(PC1)-6
(PC1)-7

(Wy)ng

(PI_SPI_QI‘)%/:|_ / | \ / |_\\<(¢Q2—SP2_P2)n22
\ / o COO o
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-continued
(PC1)-8
(Wl)ns (Wy)ng (\|’Vl)n6
P —Sp— Q1 \_‘>7 4</:\>7 4<:\7(¢QH—SPZ_PZ)W»2
[Chem. 36]
(PC1)-9
(W 1Dig
Pr—"Sp— Q1 (Wl)ns
\ \/rQZ_SPZ P2,y
CoO
(PC1)-10
(Wing
(Pl_SPI_QIN| \ (\ivl)né (V|V1)Hs
i/
NALQ—Spz— P,
—_— \—COO / \ / )\( =
(PCL)-11
(Wl)ﬂs (W 1ng
®—Sp— Ql*)\/_ \ / \ (Wl)ﬂs
\ _\)Qz—spz—P 2D,
— CcO0
(In the formulas, P, P5, Spy, Sp,, Q,, and Q, represent the -continued
same meanings as those of the general formula (PC1), W, (C1-3b)

each independently represent F, CF5, OCF;, CH,, OCHj;, an
alkyl group having 2 to 5 carbon atoms, an alkoxy group, an
alkenyl group, COOW,, OCOW,, or OCOOW,, (in the for-
mulas, W, each independently represent a linear or a
branched alkyl group having 1 to 1.0 carbon atoms or an
alkenyl group having 2 to 5 carbon atoms), n,, each indepen-
dently represent 1, 2, or 3, n,, each independently represent 1,
2, or 3, n, each independently represent 0, 1, 2, 3, or 4, and
n,, +n, and n,,+n, each present on the same ring is 5 or less.)

[0141] In the general formulas (PC1)-3 to (PC1)-11, Sp,,
Sp,, Q, and Q, each preferably represent a single bond.
n,; +n,, preferably represents 1 to 3 and preferably 1 or 2. P,
and P, preferably represent the formula (P-1) or (P-2). W,
preferably represents F, CF,, OCF,, CH,, or OCH,. n, pref-
erably represents 1, 2, 3, or 4.

[0142]
able.

In particular, the following compounds are prefer-

[Chem. 37]

(PC1-3a)

H:W

H:ZH

(PC1-3¢)
F
0] 0]
0] (0]
(PC1-3d)
0] 0]
0] 0]
(PC1-3¢)

QR pw
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-continued
(PC1-39)

-

(PC1-3g)

(PC1-3h)

-

(PC1-3i)

Y
f
(.

LT

[0143] In addition, at least one hydrogen atom of the ben-
zene ring of each of the above (PC1-3a) to (PC1-31) may be
substituted by a fluorine atom.

[0144] In addition, as the general formula (PC1)-1, at least
onetype of polymerizable compound selected from the group
consisting of the following general formulas (1T-a) and (11-b)
is preferable.

[Chem. 38]
(II-4)

R3 R*

H,t=C—000—2’+C*—7}4—C>—7>—0C0—C==CH,
n

(Inthe formula (1I-a), R? and R* each independently represent
a hydrogen atom or a methyl group, and C* and C’ each
independently represent a 1,4-phenylene group, a 1,4-cyclo-
hexylene group, a pyridine-2,5-diyl group, a pyrimidine-2,5-
diyl group, a pyridazine-3,6-diyl group, a 1,3-dioxane-2,5-
diyl group, a cyclohexene-1,4-diyl group, a
decahydronaphthalene-2,6-diyl group, a 1,2,3,4-tetrahy-
dronaphthalene-2,6-diyl group, a 2,6-naphthylene group, or
an indane-2,5-diyl group (among those groups, the 1,4-phe-
nylene group, 1,2,3 ,4-tetrahydronaphthalene-2,6-diyl group,
2,6-naphthylene group, and indane-2,5-diyl group each may

23
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be unsubstituted or may have as a substituent, at least one of
a fluorine atom, a chlorine atom, a methyl group, a trifluo-
romethyl group, and a trifluoromethoxy group);

[0145] Z* and Z° each independently represent a single
bond or an alkylene group having 1 to 15 carbon atoms (at
least one methylene group present in the alkylene group each
may be independently substituted by an oxygen atom,
—CO—, —COO—, or —OCO— so that oxygen atoms are
not directly bonded to each other, and at least one hydrogen
atom present in the alkylene group each may be indepen-
dently substituted by a fluorine atom, a methyl group, or an
ethyl group); and

Z4

[0146] represent a single bond, —CH,CH,—,
—CH,0—, —OCH,—, —CH,CH,0—, —OCH,CH,—,
—CH,CH,CH,0—, —OCH,CH,CH,—,
—CH,CH,0C0—, —COOCH,CH,—,
—CH,CH,CO0—, —OCOCH,CH,—, —CH—CH—,
—(=C—, —CF,0— —OCF,— —CO0—, or

—OCO—, and n* represents 0, 1, or 2. However, when n®
represents 2, C* and Z*, the rumber of each of which is at least
two, each may be the same or may be different from each
other.)

[Cherm. 39]
{I-b)

R® RS

H2c=c—coo—26—(—CG—ZH—}cL(zS—OCO—C=CH2)
n 2

(Inthe formula (II-b), R® and R® each independently represent
a hydrogen atom or a methyl group, and C° represents a
1,4-phenylene group, a 1,4-cyclohexylene group, a pyridine-
2,5-diyl group, a pyrimidine-2,5-diyl group, a pyridazine-3,
6-diyl group, 1,3-dioxane-2,5-diyl group, a cyclohexene-1,4-
diyl group. a decahydronaphthalene-2,6-diyl group, a 1,2,3,
4-tetrahydronaphthalene-2,6-diyl group, a 2,6-naphthylene
group, or an indane-2,5-diyl group (among those groups, the
1,4-phenylene group, 1,2,3,4-tetrahydronaphthalene-2,6-
diyl group, 2,6-naphthylene group, and indane-2,5-diyl group
each may be unsubstituted or may have as a substituent, at
least one of a fluorine atom, a chlorine atom, a methyl group,
a trifluoromethyl group, and a trifluoromethoxy group);
[0147] (7 represents a benzene-1,2,4-tolyl group, a ben-
zene-1,3,4-tolyl group, a benzene-1,3,5-tolyl group, a cyclo-
hexane-1,2,4-tolyl group, a cyclohexane-1,3,4-tolyl group, or
a cyclohexane-1,3,5-tolyl group;

[0148] Z° and 7® each independently represent a single
bond or an alkylene group having 1 to 15 carbon atoms (at
least one methylene group present in the alkylene group each
may be independently substituted by an oxygen atom,
—CO—, —COO—, or —OCO— so that oxygen atoms are
not directly bonded to each other, and at least one hydrogen
atom present in the alkylene group each may be indepen-
dently substituted by a fluorine atom, a methyl group, or an
ethyl group); and

[0149] 77 represents a single bond, —CH,CH,—,
—CH,0—, —OCH,—, —CH,CH,0—, —OCH,CH,—,

— CH,CH,CH,0—, — OCH,CH,CH,—,
— CH,CH,0C0—, —COOCH,CH,—,
— CH,CH,COO—, —OCOCH,CH,—, —CH—CH,
—(=C—, —CF,0—, —OCF,—, —COO—, or
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—OCO—, and n represents 0, 1, or 2. However, when n’
represents 2, C®and Z’, the number of each of which is at least
two, each may be the same or may be different from each
other.)

[0150] As the compound represented by the general for-
mula (II-a), a compound represented by one of the following
general formulas (II-d) and (II-e) is preferably used since an
optical isomer having excellent mechanical strength and heat
resistance can be obtained.

[Chem. 40]

Nov. 6, 2014

(II-d)

O(CH ),—Y“—<< >—Y13
A( ’ >_®_\—Y14 le_(CHz)SO
5 W(\

o]
O(CHZ)r_YIIAQ_L J_QYIZ_(CHZ)SO
A{ Yu@,w W(\
0 6}

(In the formulas (1I-d) and (II-), m" represents O or 1,Y"* and
Y'? each independently represent a single bond, —O—,
—CO0—, or —OCO—, Y*? and Y** each independently
represent —COO—, or—OCO—, Y** and Y'® each indepen-
dently represent —COO—, or —OCO—, and r and s each
independently represent an integer of 2 to 14. The 1,4-phe-
nylene group present in the formula may be unsubstituted or

[Chem. 41]

(Il-¢)

may have as a substituent, at least one of a fluorine atom, a
chlorine atom, a methyl group, a trifluoromethyl group, and a
trifluoromethoxy group.)

[0151] As particular examples of the compound repre-
sented by the formula (II-a), compounds represented by the
following formulas (I1-1) to (II-10) may be mentioned.

(II-1)

CH2=CHCOO(CHz)jOO—COOOO(CHz)kOCOCHZCHz
CH2=CHCOO(CH2)jo©—coo©—OCOO—O(CHZ) LOCOCH=CL,

CH;
CHZ=CHCOO(CHZ)J04<;>—COO4<;§—oc04<;>—O(CHZ)kOCOCH=CH2

CHZCHCOO(CHZ)]04®7COOO@O(CHZ) L OCOCH=CH,
CH2=CHCOO(CH2)]-OOCOOO(CHZ)kOCOCH=CH2

(I1-2)

(I1-3)

(II-4)

(II-5)
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-continued

CH2=CHCOO(CH2)jOCOO@O(CH;)kOCOCH:CHZ
F

CH2=CHCOO(CH2)jcoo@@m)peow:em
F F

CH2=CHCOO(CH2),COOO(C}Q)@COCH:CHZ

CH2=CHCOO(CH2;j @—(CI@@COCH-C}L
CH,==CHCOO(CH,); O Q O (CH,);0COCH==C],

[0152] In the formulas, j and k each independently repre-
sent an integer of 2 to 14.
[0153] Inaddition, as particular examples of the compound
represented by one of the general formulas (1I-d) and (Il-e),
compounds represented by the following formulas (II-11) to
(1-20) may be mentioned.

(I1-6)

(I-7)
(I1-8)
(I1-9)

(I1-10)

[Chem. 42]

(I-11)

CH,=—=CHCOO(CH,};0 CO0

0
>—®70(CH2)kOCOCH=CH2
)

O(CH,)0COCH=CH,

0
>—<;>—O(CHZWCOCH=CH2
o

O(CH, X OCOCH==CH,

(I12)

CH,==CHCOO(CH,);0 CO0

(I1-13)

CH==CHCOO(CH,);0 Co0

?oy
.

,CO
(I1-14)

CH,==CHCOO(CH,),0 [ele]e]

P QL

¥
:
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-continued

0
cm:cmoommv—@—coo@x >—®7<CHz)kococH:cHz
0

CH2=CHCOO(CH2j.j—©—coo
cm:c%xcoowmy—@—coo

H;CO

CH2=CHCOO(CH2)j4®7COO

Cl
CH2=CHCOO(CH2)j04®—\_<04®70 }_/—QO(CHg)kOCOCH:CHz
0 0

(I1-15)

(I1-16)

0
>—©—(CH2) LOCOCH=——CH,
o
0
>—®7(CH2) LOCOCH=CT,
o
0
>—<;>7((:Hg,pCOCH:CH2
o

(I-17)

(I1-18)

(I-19)

(I1-20)

CH2=CHCOO(CH2)14®—\_<04®70 }_/—Q— (CH,);0COCH==CH,
0 0

[0154] In the formulas, j and k each independently repre-
sent an integer of 2 to 14.

[0155] As the polymerizable compound having no
mesogenic supporting group, a polymerizable compound
represented by the general formula (PC2) is preferable, and
among the compounds represented by the formula (PC2), a
plurality of compounds having different main chain lengths
and/or alkyl side chain lengths may be contained.

[Cherm. 43]

Al B2 AS
P—AZ—? zu—? Zb—?—Bl
A B/ A7

(In the formula, P represents a polymerizable group, A rep-
resents a single bond or an alkylene group having 1 to 15
carbon atoms (at least one methylene group present in the
alkylene group each may be independently substituted by an
oxygen atom, —CO—, —COO—, or —OCO— so that oxy-
gen atoms are not directly bonded to each other, and at least
onehydrogen atom present in the alkylene group each may be
independently substituted by a fluorine atom, a methyl group,
or an ethyl group);

(PC2)

[0156] Z* and Z” represent a single bond or an alkylene
group having 1 to 15 carbon atoms (at least one methylene
group present in the alkylene group each may be indepen-
dently substituted by an oxygen atom, —CO—, —COO—,
or —OCO— so that oxygen atoms are not directly bonded to
each other, and at least one hydrogen atom present in the
alkylene group each may be independently substituted by a
fluorine atom, a methyl group, or an ethyl group);

[0157] A®and A° each independently represent a hydrogen
atom or an alkyl group having 1 to 30 carbon atoms (at least
one methylene group present in the alkyl group each may be
independently substituted by an oxygen atom, —CO—,
—CO0—, or—0OCO—so that oxygen atoms are not directly
bonded to each other, and at least one hydrogen atom present
in the alkyl group each may be independently substituted by
a halogen atom or an alkyl group having 1 to 17 carbon
atoms);

[0158] A*and A7 each independently represent a hydrogen
atom or an alkyl group having 1 to 1.0 carbon atoms (at least
one methylene group present in the alkyl group each may be
independently substituted by an oxygen atom, —CO—,
—CO—, or —OCO— so that oxygen atoms are not directly
bonded to each other, and at least one hydrogen atom present
in the alkyl group each may be independently substituted by
ahalogen atom or an alkyl group having 1 to 9 carbon atoms),
and k represents 0 to 40; and
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[0159] B',B? andB? each independently represent a group
represented by a hydrogen atom, a linear or a branched alkyl
group having 1 to 10 carbon atoms (at least one methylene
group present in the alkyl group each may be independently
substituted by an oxygen atom, —CO—, —COO—, or
—OCO— so that oxygen atoms are not directly bonded to
each other), or -A%-P (in the formula, A® represents a single
bond or an alkylene group having 1 to 15 carbon atoms (at
least one methylene group present in the alkylene group each
may be independently substituted by an oxygen atom,
—CO—, —COO—, or —OCO— so that oxygen atoms are
not directly bonded to each other, and at least one hydrogen
atom present in the alkylene group each may be indepen-
dently substituted by a fluorine atom, a methyl group, or an
ethyl group). However, among B', B?, and B, the total num-
ber of which is 2k+1, the number ofthe groups represented by
the -A%-Pis 0 to 3.)

[0160] As apreferable structure of the polymerizable com-
pound represented by the general formula (PC2), at least one
selected from the group consisting of compounds represented
by the following general formulas (PC2)-1, (PC2)-2, (PC2)-
3, and (PC2)-4 may be mentioned. Among those compounds,
the compound represented by the formula (PC2)-1 is prefer-
ably contained.

[Chem. 44]

(PC2)-1
A13 Al6

P—AR—C—AB—C—af-p

A14 A17

(In the formula, P represents a polymerizable group, and A'?
and A'® each independently represent a single bond or an
alkylene group having 1 to 15 carbon atoms (at least one
methylene group present in the alkylene group each may be
independently substituted by an oxygen atom, —CO—,
—COO0—, or—OCO—so that oxygen atoms are not directly
bonded to each other, and at least one hydrogen atom present
in the alkylene group each may be independently substituted
by a fluorine atom, a methy! group, or an ethyl group);
[0161] A'®and A'® each independently represent a linear
alkyl group having 2 to 20 carbon atoms (at least one meth-
ylene group present in the alkyl group each may be indepen-
dently substituted by an oxygen atom, —CO—, —COO—,
or —OCO— so that oxygen atoms are not directly bonded to
each other),

[0162] A'*and A'” each independently represent a hydro-
gen atom or an alkyl group having 1 to 1.0 carbon atoms (at
least one methylene group present in the alkyl group each
may be independently substituted by an oxygen atom,
—CO—, —COO—, or —OCO— so that oxygen atoms are
not directly bonded to each other, and at least one hydrogen
atom present in the alkyl group each may be independently
substituted by a halogen atom or an alkyl group having 1 to 9
carbon atoms); and

[0163] A'® represents an alkylene group having 9 to 16
carbon atoms (in at least one methylene group to 5 methylene
groups present in the alkylene group, one hydrogen atom in
the at least one methylene group each independently substi-
tuted by a linear or a branched alkyl group having 1 to 10
carbon atoms. At least one methylene group present in the
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alkylene group each may be independently substituted by an
oxygen atom, —CO—, —COO—, or —OCO— so that oxy-
gen atoms are not directly bonded to each other).)

[Chem. 45]

P—(CH,),—P (PC2)-2

(In the formula, P represents a polymerizable group, and a
represents an integer of 6 to 22.)

[Chem. 46]

(PC2)-3
Catlaz

P_(CHZ)b_T_(CHZ)c_P

Cellaer

(In the formula, P represents a polymerizable group, b and C
each independently represent an integer of 1 to 10, d repre-
sents an integer of 1 to 1.0, and e represents an integer of 0 to
6.)

[Chem. 47]

(PC2)-4
CHy(CH,),— CH— (CH,),,—P

CHy(CHy),— CH— (CH,),—P

(In the formula, P represents a polymerizable group, and m, n,
p, and q each independently represent an integer of 1 to 10.)
[0164] As the polymerizable group P, although the follow-
ing formulas (R-1) to (R-15) may be used, the formula (R-1),
(R-2), (R-4), R-5), (R-7), (R-11), (R-13), or (R-15) is pref-
erable, the formula (R-1), (R-2), (R-7), (R-11), or (R-13) is
more preferable, and the formulas (R-1) and (R-2) are more
preferable. Furthermore, since the polymerization rate is
more increased, the formula (R-1) is particularly preferable.

[Chem. 48]
o ®R-D
/\{r ~
(6]
R-2)
CH;
N
0
R-3)
CFs
N
(€]
o (R-4)
/\/ ~
R-5)
/\O/
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-continued
R-1)
N
/\”/ \OCO—
(6]
R-7)
O/
@)
(R-8)
O/
O
CH;
(R-9)
>
(R-10)
HiC
H3C%>/
(@)
(R-11)
Sad
(6]
(R-12)
H;C o/
0
(R-13)
(@]
| x—
(@]
(R14)
(0]
| x
co0—
(6]
(R-15)
—=SH

[0165] A'2 and A'® each preferably independently repre-
sent a single bond or an alkylene group having 1 to 3 carbon
atoms. The distance between the two polymerizable groups
may be adjusted by independently changing the lengths of
carbon numbers of A and A'® and A*. Although the feature
of the compound represented by the general formula (PC2)-1
is that the distance (distance between cross-linking points)
between the polymerizable functional groups is large, when
this distance is excessively large, the polymerization rate is
remarkably decreased, and the phase separation may be
adversely influenced; hence, the distance between the poly-
merizable functional groups has an upper limit. On the other
hand, the distance between the two side chains of A** and A'¢
also has the influence on the mobility of the main chain. That
is, when the distance between A'® and A'® is small, side
chains A'? and A'° tend to interfere with each other, and the
mobility is decreased. Hence, in the compound represented
by the general formula (PC2)-1, although the distance

28
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between the polymerizable functional groups is determined
by the sum of A", A'® and A', among those mentioned
above, instead of increasing the length of A'® and that of A'%,
the length of A is preferably increased.

[0166] On the other hand, as for the side chains A'?, A™,
A'%and A7, the lengths of those side chains preferably have
the following modes.

[0167] In the general formula (PC2)-1, although A" and
A are bonded to the same carbon atom of the main chain,
when the lengths are different from each other, a longer side
chain is called A'? (when the length of A'? is equal to that of
A", one of them is called A'®). As in the case described
above, when the lengths of A'® and A'7 are different from
each other, a longer side chain is called A’ (when the length
of A'® is equal to that of A'?, one of them is called A'®).
[0168] In the present application, although A'® and A'°
each independently represent a linear alkyl group having 2 to
20 carbon atoms (at least one methylene group present in the
alkyl group each may be independently substituted by an
oxygen atom, —CO—, —COO—, or —OCO— so that oxy-
gen atoms are not directly bonded to each other),

[0169] preferably, A'® and A*® each independently repre-
sent a linear alkyl group having 2 to 18 carbon atoms (at least
one methylene group present in the alkyl group each may be
independently substituted by an oxygen atom, —CO—,
—COO—, or—OCO—so that oxygen atoms are not directly
bonded to each other), and

[0170] more preferably, A'> and A'® each independently
represent a linear alkyl group having 3 to 15 carbon atoms (at
least one methylene group present in the alkyl group each
may be independently substituted by an oxygen atom,
—CO—, —COO—, or —OCO— so that oxygen atoms are
not directly bonded to each other).

[0171] Since the side chain has a high mobility as compared
to that of the main chain, the presence of the side chain
contributes to improvement in mobility of a polymer chain at
a low temperature; however, in the case in which two side
chains cause spatial interference therebetween as described
above, the mobility is conversely decreased. In order to pre-
vent the spatial interference between the side chains as
described above, an increase in distance between side chains
and a decrease in side-chain length within a necessary range
are effective.

[0172] Furthermore, in the present application, although
A" and A" each independently represent a hydrogen atom or
an alkyl group having 0.1 to 10 carbon atoms (at least one
methylene group present in the alkyl group each may be
independently substituted by an oxygen atom, —CO—,
—COO—, or—0OCO—so that oxygen atoms are not directly
bonded to each other, and at least one hydrogen atom present
in the alkyl group each may be independently substituted by
ahalogen atom or an alkyl group having 1 to 9 carbon atoms),
A'*and A'7 each preferably independently representa hydro-
gen atom or an alkyl group having 1 to 7 carbon atoms (at least
one methylene group present in the alkyl group each may be
independently substituted by an oxygen atom, —CO—,
—CO—, or —OCO— so that oxygen atoms are not directly
bonded to each other), each more preferably independently
represent a hydrogen atom or an alkyl group having 1 to 5
carbon atoms (at least one methylene group present in the
alkyl group each may be independently substituted by an
oxygen atom, —CO—, —COO—, or —OCO— so that oxy-
gen atoms are not directly bonded to each other), and each
even more preferably independently represent a hydrogen
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atom or an alkyl group having 1 to 3 carbon atoms (at least one
methylene group present in the alkyl group each may be
independently substituted by an oxygen atom, —CO—,
—COO0—, or—OCO—so that oxygen atoms are not directly
bonded to each other).

[0173] As for A" and A'7, when the lengths thereof are
excessively long, it is also not preferable since spatial inter-
ference between the side chains is induced. On the other hand,
when A'*and A'” are alkyl groups each having a short length,
it is believed that those groups each function as a side chain
having a high mobility and each function to inhibit adjacent
main chains from coming close to each other. Since A** and
A" are believed to have a function to prevent the interference
between polymer main chains and to enhance the mobility
thereof, an increase in anchoring energy at a low temperature
canbe suppressed, and hence the characteristics ofa polymer-
stabilized liquid crystal optical element in a low temperature
region can be effectively improved.

[0174] In order to change the distance between the side
chains and also to increase the distance between the cross-
linking points so as to decrease a glass transition temperature,
A'® located between the two side chains is preferably has a
large length. However, when A'® is excessively long, for
example, the compatibility with a liquid crystal composition
is degraded due to an excessive increase in molecular weight
ofthe compound represented by the general formula (PC2)-1,
and the phase separation is adversely influenced due to an
excessive decrease in polymerization rate: hence, an upper
limit of the length is naturally determined.

[0175] Accordingly, in the present application, A'® prefer-
ably represents an alkylene group having 9 to 16 carbon
atoms (in at least one methylene group to 5 methylene groups
present in the alkylene group, one hydrogen atom of the at
least one methylene group each independently substituted by
a linear or a branched alkyl group having 1 to 10 carbon
atoms. At least one methylene group present in the alkylene
group each may be independently substituted by an oxygen
atom, —CO—, —COO—, or —OCO— so that oxygen
atoms are not directly bonded to each other).

[0176] Thatis, in the present application, the alkylene chain
length of A'® is preferably 9 to 1.6 carbon atoms. As the
structural feature of A*®, A'® has the structure in which a
hydrogen atom of the alkylene group is substituted by an alkyl
group having 1 to 10 carbon atoms. Although the number of
alkyl groups for substitution s 1 to 5, the number is preferably
1to3 and more preferably 2 or 3. The number of carbon atoms
of the alkyl group for substitution is preferably 1 to 5 and
more preferably 1 to 3.

[Chem. 49]

X

H2C=c—coo—21°—Y”—<E>—Y“
X G

LC=—C—C00—Z'0-Y"?

@_<le
nlO
|
vl YB—zP—0Cc0—C=CHL, A
nll
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[0177] Forexample, in the general formula (PC2)-1, acom-
pound in which A'* and A'” each represent hydrogen can be
obtained in such a way that a compound having a plurality of
epoxy groups is allowed to react with a polymerizable com-
pound, such as acrylic acid or methacrylic acid, having active
hydrogen which is reactable with an epoxy group to synthe-
size a polymerizable compound having a hydroxide group,
and this compound is then allowed to react with a saturated
fatty acid.

[0178] Furthermore, the compound described above may
also be obtained in such a way that a compound having a
plurality of epoxy groups is allowed to react with a saturated
fatty acid to synthesize a compound having a hydroxide
group, and this compound is then allowed to react with a
polymerizable compound, such as an acrylic acid chloride,
having a group which is reactable with a hydroxide group.
[0179] In addition, for example, when A'* and A'7 of the
general formula (PC2)-1 each represent an alkyl group, and
A'? and A'® each represent a methylene group having one
carbon atom, a radical polymerizable compound can be
obtained, for example, by a method in which a compound
having a plurality of oxetane groups is allowed to react with a
fatty acid chloride or a fatty acid which is reactable with an
oxetane group, and a polymerizable compound, such as
acrylic acid, having active hydrogen is further allowed to
react with a reaction product, or by a method in which a
compound having one oxetane group is allowed to react with
apolyvalent fatty acid chloride or fatty acid which is reactable
with an oxetane group, and a polymerizable compound, such
as acrylic acid, having active hydrogen is further allowed to
react with a reaction product.

[0180] Inaddition, whenA'*and A'® of the general formula
(PC2)-1 each represent an alkylene group having 3 carbon
atoms (propylene group: —CH,CH,CH,—), a polymeriz-
able compound can be obtained when a compound having a
plurality of furan groups is used instead of using a compound
having an oxetane group. Furthermore, when A'? and A'® of
the general formula (PC2)-1 each represent an alkylene group
having 4  carbon  atoms  (butylene  group;
—CH,CH,CH,CH,—), a polymerizable compound can be
obtained when a compound having a plurality of pyran groups
is used instead of using a compound having an oxetane group.
[0181] As a polymerizable compound used for the ferro-
electric liquid crystal composition of the liquid crystal dis-
play device of the present invention, besides the achiral sub-
stances described above, a chiral substance may also be used.
As a photopolymerizable compound exhibiting chiral prop-
erties, for example, a polymerizable compound represented
by the following general formula (1I-x) or (II-y) may be used.

(II-x)

YB3-72-0C0—C=CH,

L-y)
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[0182] In the above general formulas (1I-x) and (II-y), x
represents a hydrogen atom or a methyl group. In addition,

19 represents an integer of 0 or 1, and n*' represents an
integer of 0, 1, or 2. However, when n'® represents 2, a
plurality of T'* and Y** each may be the same or may be
different from each other.

[0183] Inaddition, 6-membered rings T**, T2 T** and T**
each represent a substituent, such as a 1,4-phenylene group or
a trans-1,4-cyclohexylene group, having a 6-membered ring
structure. However, the six-membered rings T*!, T*2 and T*?
are no limited only to the substituents mentioned above, may
have at least one of substituents having the following struc-
tures, and may be the same or may be different from each
other.

[Chem. 50]

i
i

SO
.

=
/

e

(Fp (CH I

~-

In addition, in the above substituents, m represents an integer
of 1to 4.

[0184] In addition, T*® in the general formula (1I-y) repre-
sents a cyclic trivalent group, such as a bezene-1,2,4-tolyl
group, a bezene-1,3,4-tolyl group, a bezene-1,3,5-tolyl
group, a cyclohexane-1,2,4-tolyl group, a cyclohexane-1,3,4-
tolyl group, or a cyclohexane-1,3,5-tolyl group.

[0185] Inaddition,Y'*,Y"?, and Y'* in the general formu-
las (II-x) and (II-y) each independently represent a linear or a
branched alkylene group having 1 to 10 carbon atoms, one
CH, group present in this group or at least two CH, groups
which are not adjacent to each other may be substituted by
—0—, —S—, —CO—0—, or —0—CO— and may

e

include a single bond, —CH,CH,—, —CH,0—,
—0OCH,— ~ —(€00—, —0CO0—,  —C=(C—,
—CH—CH—, —CF—CF—, —(CH,),—,
—CH,CH,CH,0—, —OCH,CH,CH,—,

—CH—CHCH,CH,—, or —CH,CH,CH—CH—. In addi-
tion, an asymmetric atom may or may not be contained. That
is, as long as having any one of the above structures, Y*! and
Y2 may be the same or different from each other.

[0186] In addition, Y*° and Y'? each represent a single
bond, —O—, —OCO—, or —COO—.
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[0187] Z'' represents a branched alkylene group having an
asymmetric atom and 3 to 20 carbon atoms.

[0188] Z'® represents an alkylene group having 1 to 20
carbon atoms and may or may not contain an asymmetric
atom.

[0189] In addition, the polymerizable compound is also
preferably a disc-shaped liquid crystal compound represented
by the following general formula (PC1)-9.

[Chem. 51]

(PC1)-9
R; R,
Ry Ry
(PC1-e)
I
—o0—C Res
Rgi Re»

(In the formula, R, each independently represent a P,-Sp,-
Q, or a substituent represented by the general formula (PC1-
e) (in the formula, P, Sp,, and Q, have the same meanings as
those of the general formula (PC1), R;, and Ry, each inde-
pendently represent a hydrogen atom, a halogen atom, or a
methyl group, Ry, represents an alkoxy group having 1 to 20
carbon atoms, and at least one hydrogen atom of the alkoxy
group is substituted by the substituent represented by one of
the formulas (R-1) to (R-15).)

[0190] The use amount of each of the polymerizable com-
pounds described above is preferably 10 percent by mass or
less, more preferably 5 percent by mass or less, and particu-
larly preferably 2 percent by mass or less.

[0191] As a polymerization method when the ferroelectric
liquid crystal composition of the present invention contains a
polymerizable compound, although radical polymerization,
anionic polymerization, cationic polymerization, or the like
may be used, polymerization is preferably performed by radi-
cal polymerization.

[0192] As a radical polymerization initiator, although a
thermal polymerization initiator and a photopolymerization
initiator may be used, a photopolymerization initiator is pref-
erable. In particular, the following compounds are preferable.
[0193] acetophenones, such as diethoxy acetophenone,
2-hydroxy-2-methyl-1-phenylpropane-1-one, benzil dim-
ethyl ketal, 1-(4-isopropylphenyl)-2-hydroxy-2-methylpro-
pane-1-one, 4-(2-hydroxyethoxy)phenyl-(2-hydroxy-2-pro-
pyl) ketone, 1-hydroxycyclohexyl-phenyl ketone, 2-methyl-
2-morpholino(4-thiomethylphenyl)propane-1-one, and
2-benzyl-2-dimethylamino-1-(4-morpholinophenyl)-bu-
tanone;

[0194] benzoins, such as benzoin, benzoin isopropyl ether,
and benzoin isobutyl ether;
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[0195] acylphosphine oxides, such as (2,4,6-trimethylben-
zoyl)diphenylphosphine oxide;

[0196] benzil, and methylphenyl glyoxy esters;

[0197] benzophenones, such as benzophenone, methyl
o-benzoylbenzoate, 4-phenylbenzophenon, 4,4'-dichlo-
robenzophenone, hydroxybenzophenone, 4-benzoyl-4'-me-
thyl-diphenyl sulfide, acrylated benzophenone, 3,3',4,4'-tetra
(t-butyl peroxycarbonyl )henzophenone, and 3,3'-dimethyl-4-
methoxybenzophenone;

[0198] thioxanthones, such as 2-isopropyl thioxanthone,
2,4-dimethyl thioxanthone, 2,4-diethyl thioxanthone, and
2,4-dichloro thioxanthone;

[0199] aminobenzophenones, such as Michler ketone and
4 4'-diethylaminobenzophenone; and

[0200] 10-butyl-2-chloroacridone, 2-ethylanthraquinone,
9,10-phenanthrenequinone, and camphor quinone. Among
those mentioned above, benzil dimethyl ketal is most prefer-
able.

[0201] In the present invention, besides the polymerizable
liquid erystal compound (PC1), a polyfunctional liquid crys-
tal monomer may also be added. As this polyfunctional liquid
crystal monomer, an acryloyloxy group, a methacryloyloxy
group, an acrylamide group, a methacrylamide group, an
epoxy group, a vinyl group, a vinyloxy group, an ethynyl
group, a mercapto group, a maleimide group,
CICH—=CHCONH—, CH,—CCl—, CHCI—CH—, or
RCH=—CHCOO— (in this case, R represents chlorine, fluo-
rine, or a hydrocarbon group having 1 to 18 carbon atoms)
may be mentioned as a polymerizable functional group. How-
ever, among those mentioned above, an acryloyloxy group, a
methacryloyloxy group, an epoxy group, a mercapto group,
and a vinyloxy group are preferable, a methacryloyloxy
group and an acryloyloxy group are particularly preferable,
and an acryloyloxy group is most preferable.

[0202] Asamolecular structure of the polyfunctional liquid
crystal monomer, a monomer having a liquid crystal skeleton
including at least two cyclic structures, a polymerizable func-
tional group, and at least two flexible groups connecting the
liquid crystal skeleton and the polymerizable functional
group is preferable, and a monomer having 3 flexible groups
is more preferable. As the flexible group, for example, an
alkylene spacer group as represented by —(CH,),— (in this
case, 1 represents an integer of 1 to 30) or a siloxane spacer
group as represented by —(Si(CH),—O),— (in this case, n
represents an integer of 1 to 30) may be mentioned, and
among those mentioned above, the alkylene spacer group is
preferable. In a bonding portion between the flexible group
and the liquid crystal skeleton or the polymerizable func-
tional group, a bond, such as —O—, —COO—, or —CO—,
may be incorporated.

[0203] Forexample, in order to improve the response speed
of a liquid crystal composition, to improve the alignment
stability, to decrease the threshold voltage, to suppress a
decrease in response speed at a low temperature, and to sta-
bilize a layer structure, nanoparticles, such as organic par-
ticles, inorganic particles, or organic-inorganic hybrid par-
ticles, may also be added. As the organic particles, for
example, polymer particles, such as a polystyrene, a poly
(methyl methacrylate), a poly(hydroxy acrylate), or divinyl-
benzene, may be mentioned. As the inorganic particles, for
example, oxides, such as barium titanate (BaTiO;), SiO,,
TiO,, or Al,O,, and metals, such as Au, Ag, Cu, or Pd, may be
mentioned. The organic particles and the inorganic particles
may be hybrid particles formed by coating the surfaces
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thereof with a different material and may also be organic-
inorganic hybrid particles formed by coating the surfaces of
inorganic particles with an organic material. When the
organic material applied to the surfaces of inorganic particles
exhibits liquid crystal properties, it is preferable since liquid
crystal molecules present around the particles are likely to be
aligned.

[0204] Besides the above particles, for example, an antioxi-
dant, an UV absorber, a non-reactive oligomer, an inorganic
filler, an organic filler, a polymerization inhibitor, an anti-
foaming agent, a leveling agent, a plasticizer, and/or a silane
coupling agent may be appropriately added, if needed. In
addition, a biaxial compound, a trapping material forions and
polar compounds, and the like may also be contained.
[0205] As a molecular structure exhibiting biaxial proper-
ties of the biaxial compound, for example, a plate-shaped
structure, a structure in which discs and rods are used in
combination, a structure in which half-discs and rods are used
in combination, a bent structure such as a banana-type liquid
crystal, and a lateral connection (structure formed by connec-
tion between molecular side chains) are preferable, and as a
concrete biaxial compound, compounds disclosed, for
example, in J. Mater. Chem., 2010, 20, 4263, and The Chemi-
cal Record. Vol. 4, 10 (2004) may be mentioned.

[0206] In order to remove impurities and the like or to
further increase the resistivity, the ferroelectric liquid crystal
composition may be processed by a refining treatment with
silica, alumina, and/or the like. As the resistivity of the liquid
crystal composition, when drive is performed by THT, 10**
Q-cm or more is preferable, 10'> Q-cm or more is more
preferable, and 10™* Q-cm or more is more preferable. In
addition, as a method for preventing the influence of cations
present in the liquid crystal composition as impurities, a
cation inclusion compound, such as a crown ether, a podand,
a coronand, or a cryptand, may be added.

[0207] In order to maintain the performance of the liquid
crystal optical element under low temperature environment,
the ferroelectric liquid crystal composition preferably has a
low temperature storage stability. As the low temperature
storage stability of the liquid crystal composition, the SmC*
is preferably maintained at 0° C. or less for 24 hours or more,
more preferably at -20° C. or less for 500 hours or more, and
even more preferably at —=30° C. or less for 700 hours or more.

<Ferroelectric Liquid Crystal Display Element>

[0208] In the liquid crystal optical element of the present
invention, even ifa pressing force is applied to the substrates,
the layer normal direction of the SmC* phase when the fer-
roelectric liquid crystal composition is sandwiched between
the substrates is 80° to 90° with respect to the substrate
surface. In addition, a stable alignment can be obtained with-
out having zigzag defects and the shevron structure as
observed in SSFIC. Accordingly, even if a display is tempo-
rarily distorted by pressure application, a display restoring
ability to restore a display after a pressure is released can be
obtained. Hence, the liquid crystal optical element of the
present invention is suitable for an apparatus which is oper-
ated by pressing a display screen, such as a touch panel.
[0209] The liquid crystal optical element may have a dis-
play restoring ability against a pressure of 1 kg (9.8 N) or less
per 0.2 mm®.

[0210] A display optical element using the ferroelectric
liquid crystal of the present invention has a pair of pixel
electrodes and a common electrode on at least one of a pair of
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substrates provided with two polarizing plates, polarizing
planes of which are disposed orthogonal to each other, and
between the two substrates, the ferroelectric liquid crystal
composition of the present invention is sandwiched. An elec-
tric field is preferably applied to the display element in a
direction parallel to the layer normal, and as an electrode
structure which realizes the electric field as described above,
an electrode structure having a comb structure such as an [PS
(In-Plaine Switching) method is preferable. As in S-IPS (Su-
per IPS), AS-IPS (Advanced Super IPS), IPS-Pro (IPS-
Provectus), and the like, in view of decrease in drive voltage,
improvement in image quality, increase in brightness,
increaseinultrahigh brightness, and the like, it is preferable to
control the direction of a lateral electric field applied in a
direction parallel to the layer normal by bending the structure
of a comb electrode or interdigitized electrode. Although a
metal electrode may be used as the comb electrode, in order to
increase use efficiency of light at an electrode portion, a
transparent electrode formed, for example, of ITO, indium
oxide-gallium-zinc (IGZ0), or graphene is preferably used.
To reduce the distribution of electric field intensity in a dis-
play element is preferable in view of decrease in drive volt-
age, improvement in response speed, increase in contrast, and
improve in image quality. As a method for reducing the dis-
tribution of electric field intensity, the structure in which one
pair of pixel electrodes and a common electrode are provided
on each of a pair of substrates may also be formed.

[0211] In particular, the following method may be men-
tioned.
[0212] IPS, S-IPS, AS-IPS, or IPS-Pro electrodes are pref-

erably provided on two of a pair of substrates, and an elec-
trode projecting inside a cell is preferable as compared to a
flat electrode since an element is formed so that the distribu-
tion of electric field intensity inside the cell is not likely to
degrade. As a projecting electrode structure, a spherical
shape, a semispherical shape, a cubic shape, a rectangular
parallelepiped shape, a triangular prism shape, a trapezoid
body shape, a circular cylindrical shape, a conical shape, a 3
to 20 polygonal cylindrical shape, a 3 to 20 polygonal prism
shape, or an asymmetric shape may be used; the surface may
be either flat or irregular; the corner of each electrode may be
formed from either a curved line or a straight line; the height
of the projection may be any one 0f 1/100, 1/10, 1/9,1/8, 1/7,
1/6, 1/5, 1/4, 1/2, and 3/4 or more of the cell gap, or the
projecting portion may be in contact with a counter electrode;
the projecting electrode may be directly provided on the
substrate or on a stage formed of a resin, an insulating mate-
rial, a dielectric material, a semiconductor, or a composite
thereof; and the pixel electrode may be provided at an upper
portion, a middle portion, or a bottom portion of the stage.

[0213] Furthermore, as a concrete projecting electrode
structure, for example, there have been used a structure (Japa-
nese Unexamined Patent Application Publication No. 2007-
171938) including a first substrate, a pair of electrodes each of
which has a shape projecting in a thickness direction of the
first substrate and which are provided on one surface side of
the first substrate so as to be apart from each other, and a
second substrate disposed so that one surface side faces the
one surface side of the first substrate; a structure (Japanese
Unexamined Patent Application Publication No. 2011-
133876) in which a pixel electrode layer (first electrode layer)
provided between a first substrate and a ferroelectric liquid
crystal layer and common electrode layers (second electrode
layers) are disposed so as not to be overlapped with each

Nov. 6, 2014

other, the pixel electrode layer is formed to cover an upper
surface and a side surface of a rib-shaped first structural body
provided to project from a surface of the first substrate at a
ferroelectric liquid crystal layer side to the liquid crystal
layer, and the common electrodes are each formed to cover an
upper surface and a side surface of a rib-shaped second struc-
ture body provided to project from the surface of the first
substrate at the ferroelectric liquid crystal layer side to the
ferroelectric liquid crystal layer; a structure (Japanese Unex-
amined Patent Application Publication No. 2011-133874) in
which a ferroelectric liquid crystal layer is sandwiched by
pixel electrode layers having opening patterns, first common
electrode layers having opening patterns (slits), and second
common electrode layers having opening patterns (slits), the
first and the second common electrode layers facing each
other, and the pixel electrode layers are formed on upper
portions of structural bodies provided to project from a sur-
face of a first substrate at a ferroelectric liquid crystal layer
side to the ferroelectric liquid crystal layer and are disposed
therein between the first common electrode layers and the
second common electrode layers: a structure (Japanese Unex-
amined Patent Application Publication No. 2005-227760) in
which at least one pair of electrodes is provided so that the
maximum electric field region is formed at a position apart
from the substrate interface; and a structure (Japanese Unex-
amined Patent Application Publication No. 2011-8241) in
which a first structural body is provided on a first electrode
layer (pixel electrode layer), a second structural body is also
provided on a second electrode layer (common electrode
layer), and the first and the second structural bodies are each
an insulating body having a dielectric constant higher than
that of a liquid crystal material used for a liquid crystal layer
and are formed so as to project to the liquid crystal layer. In
addition, a structure in which recesses are formed in a sub-
strate so as to actually enable pixel electrodes to project may
also be used. For exaniple, a double-penetrating fringe field
(Journal of Display Technology, 287 to 289, Vol. 6,2010) may
also be used. Besides the above techniques, as a method for
decreasing a drive voltage, a method using confined geometry
(Lee, S.-D., 2009, IDW *09-Proceeding of the 16th Interna-
tional Display Workshots 1, pp. 111 to 112) in which a fer-
roelectric liquid crystal provided between electrodes is con-
fined in a small resin space may be used, periodic corrugated
electrodes (Appl. Phys. Lett. 96, 011102 (2010)) may be
used, and one FFS (Fringe-Field Switching) electrode may be
provided on at least one of a pair of substrate.

[0214] For two substrates of the liquid crystal cell, a trans-
parent material, such as a glass or a plastic, having flexibility
may be used, and for one substrate, an opaque material, such
as silicon, may also be used. A transparent substrate having a
transparent electrode layer can be obtained, for example, by
sputtering indium tin oxide (ITO) on a transparent substrate,
such as a glass. In order to enhance a realistic feeling in a
large-scale television or the like, indium oxide-gallium-zinc
(IGZO) having an electron mobility, which is an index indi-
cating the mobility of electrons, faster than that of amorphous
silicon by one order of magnitude is preferably used.

[0215] A color filter may be formed, for example, by a
pigment dispersion method, a printing method, an elec-
trodeposition method, or a dying method. For example, a
method for forming a color filter by a pigment dispersion
method is performed in such a way that, after a curable
coloring composition for color filter is applied on a transpar-
ent substrate, a patterning treatment is performed, and subse-
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quently, curing is performed by heating or light irradiation.
This process is performed for each of three colors, red, green,
and blue, so that pixel portions for color filter can be formed.
In addition, on the substrate described above, pixel electrodes
provided with active elements, such as TFTs, thin film diodes,
or metal-insulator-metal resistivity elements, may be dis-
posed.

[0216] Thesubstrates are provided to face each other so that

the transparent electrode is located therebetween. In this step,
the distance between the substrates may be adjusted with
spacers provided therebetween. In this case, the thickness of
the cell to be obtained is preferably adjusted to be 1 to 100 pm.
The cell thickness is more preferably 1 to 10 pm and even
more preferably 2 to 4 um.

[0217] When two polarizing plates are used, the polarizing
axis of each polarizing plate may be controlled so as to obtain
preferable viewing angle and contrast. When the polarizing
plate is used, the product (And) of refractive index anisotropy
An of liquid crystal, and a cell thickness d is preferably
controlled so as to maximize the contrast. In addition, in order
to increase the viewing angle, a retardation film may also be
used.

[0218] Asamethod for sandwiching the ferroelectric liquid
crystal composition between two substrates, for example, a
common vacuum injection method or an ODF method may be
used. In this case, in a polymer stabilized ferroelectric liquid
crystal composition, it is preferable when individual compo-

[Chem. 41]

R301

302
0] R 0

2301_(A301
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nents are compatible with each other, and a uniform isotropic
state or a (chiral) nematic phase is preferably obtained.
[0219] On each of the surfaces of the substrates which
sandwiches a liquid crystal, an alignment layer may be pro-
vided on inner surface of cell. As the alignment layer, a
common alignment layer, such as a polyimide, or an photo-
alignment layer may be used.

[0220] As the alignment layer, an alignment layer having a
vertical alignment property is preferable.

[0221] A polyimide-based alignment layer having a verti-
cal alignment property is preferable, and in particular, there
may be mentioned a poly(amic acid) obtained by reaction
among an acid anhydride substituted by an alkyllong chain or
an alicyclic group, a diamine substituted by an alkyl long
chain or an alicyclic group, and an acid dianhydride, or a
polyimide obtained by dehydration ring-opening of the above
poly(amic acid). When a film is formed on the substrate using
a liquid crystal alignment agent formed of a polyimide, a
polyamide, or a poly(amic acid), each having a bulky group as
described above, a liquid crystal alignment layer having a
vertical alighment property can be manufactured.

[0222] As the acid anhydride, for example, compounds
represented by the following general formulas (V1I-al) to
(V1I-a3) may be mentioned. In addition, as the diamine, for
example, compounds represented by the following general
formulas (VII-b1) to (VII-b3) may be mentioned.

(VIL-al)

(VI-a2)

R303

R3m303

(A302ﬁ_z302

302
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[Chem. 42]
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[0223] Inthe formulas (V1I-al)to (VII-a3) and (VII-b1) to

(VII-b3), R**, R3%%, R*®, and R*** each independently rep-
resenta linear or abranched alkyl group having 1 to 30 carbon
atoms, a hydrogen atom, or a fluorine atom, one —CH,—
group or at least two —CH,— groups which are not adjacent
to each other of the alkyl group may be substituted by —O—,
—S8—, —NH—, —N(CH;)}-—, —CO—, —CO—0—,
—0—CO—, —0—CO—0—, —S—CO—, —CO—5—,
—0—S80,—, —S0,—0—, —CH=—CH—, —C=C—, a
cyclopropyl group, or —Si(CH;),—, and at least one hydro-
gen atom of the alkyl group may be substituted by a fluorine
atom, a chlorine atom, a bromine atom, or a CN group;
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(VII-a3)
0]
o]
6]
(VIL-b1)
(VII-b2)
B
P
NH,
(VII-b3)

[0224] Z7°°', 7°°%, 7°%, and 7Z*°* each independently rep-
resent —O—, —S—, —CO—, —CO—0—, —O0—CO—,

~0-CO- 0, —OCH,, —CH,0—, —SCH, .
—CH,8—, —CF,0—, —OCF,—, —CFy—S—,
~SCF,—. —CH,CH,—, —CF,CH,—, —CH,CF,—,

—CF,CF,—, —CH—CH—, —CF—=CH—, —CH—CF—,
—CF—CF—, —(C=C—, —CH=—CH-—CO—0O—,
—0—CO—CH=—CH—, or a single bond;

[0225] A*°" and A*°? each independently represent a cyclic
group selected from a phenylene group, a cyclohexylene
group, a dioxolanediyl group, a cyclohexenylene group, a
bicyclo[2,2,2]octylene group, a piperidinediyl group, a naph-
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thalenediyl group, a decahydronaphthalenediyl group, a tet-
rahydronaphthalenediyl group, or an indanediyl group, at
least one —CH=— group in the ring of the above phenylene
group, naphthalenediyl group, tetrahydronaphthalenediyl
group, or indanediyl group may be substituted by a nitrogen
atom, one —CH,— group or two —CH,— groups which are
notadjacent, to each other in the ring of the above cyclohexy-
lene group, dioxolanediyl group, cyclohexenylene group,
bicyclo[2,2,2]octylene group, piperidinediyl group, decahy-
dronaphthalenediyl group, tetrahydronaphthalenediyl group,
or indanediyl group may be substituted by —O— and/or
—S—, and at least one hydrogen atom of the above cyclic
group may be substituted by a fluorine atom, a chlorine atom,
a bromine atom, a CN group, or a NO, group or by an alkyl
group having 1 to 7 carbon atoms, an alkoxy group, an alkyl
carbonyl group, or an alkoxy carbonyl group, in each of
which at least one hydrogen atom may be substituted by a
fluorine atom or a chlorine atom; and

[0226] n*°* and n**? each independently represent 0 or 1,
and n*** represents an integer of 0 to 5.

[0227] In addition, in the general formulas (VII-a2) and
(VII-a2) and (VII-b2) and (VII-b3), at least one —CH,—
group of the steroid skeleton may be substituted by —O—
and/or —S—, and the steroid skeleton may have at least one
unsaturated bond (C=C) at an arbitrary position.

[0228] In alateral electric field-type liquid crystal display
element in which an electric field is applied in a lateral direc-
tion, as a preferable mode of the alignment layer, when a
poly(amic acid) or a polyimide having the structure repre-
sented by one of the following formulas (VII-c1) and (V1I-c2)
is used as a liquid crystal alignment agent, it is preferable
since excellent residual image characteristics can be
obtained, and light transmittance in a dark state with no
electric field application can be decreased.

[Cherm. 43]
(VILel)
(R, 1
(R12),12
\/ RlZl N
AN A
| |
\/ 1|1121 A
/121

(VILc2)
(R12%), 124

S \(Rm)n 123

[0229] In the formula (VII-c1), R'*! each independently
represent an alkyl group having 1 to 6 carbon atoms, and R'*
each independently represent an alkyl group having 1 to 6
carbon atoms, a halogen atom, a cyano group, a hydroxide
group, or a carboxy group; and

n'?! represents an integer of 1 to 10, n'** each independently
represent an integer of 0 to 4, and “*” represents a chemical
bond.

[0230] In the formula (VII-c2), R'** each independently
represent an alkyl group having 0.1 to 6 carbon atoms, and
R'#* and R'* each independently represent an alkyl group
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having 1 to 6 carbon atoms, a halogen atom, a cyano group, a

hydroxide group, or a carboxy group: and

n'?? represents an integer of Oto 5, n***

0to 4, n'*® represent an integer of 0 to 3, and
a chemical bond.

[0231] A poly(amic acid) at least partially having the struc-
ture represented by the formula (VII-c1) and the structure
represented by the formula (VII-c2) in its molecule may be
obtained, for example, by a reaction of a tetracarboxylic acid
dianhydride having the structure represented by the formula
(V1I-c1) and a tetracarboxylic acid dianhydride having the
structure represented by the formula (VII-c2) with a diamine
or by a reaction of a diamine having the structure represented
by the formula (VII-c1) and a diamine having the structure
represented by the formula (VII-c2) with a tetracarboxylic
acid dianhydride.

[0232] As the tetracarboxylic acid dianhydride having the
structure represented by (VII-c1) or the formula (VII-c2), in
particular, there may be mentioned a compound in which
benzenerings located at the two ends and having the chemical
bonds each represented by “*” each represent a phthalic acid
anhydride group.

[0233] As the diamine having the structure represented by
(V1I-c1) or the formula (VII-¢2), in particular, there may be
mentioned a compound in which benzene rings located at the
two ends and having the chemical bonds each represented by
“*” each represent an aniline group.

[0234] In addition, as the optical alignment layer, for
example, there may be mentioned an optical alignment film
which has the structure of azobenzene, stilbene, a-hydra-
zono-P-ketoester, cumarin, or the like and which uses pho-
toisomerization; an photoalignment layer which has the
structure of azobenzene, stilbene, benzylidene phthaldiimide,
or cynnamoyl and which uses geometric photoisomerization;
an photoalignment layer which has the structure of spiropy-
ran, spirooxazine, or the like and which uses a photo ring-
opening/closure reaction; an photoalignment layer which has
the structure of cynnamoyl, calcon, cumarin, diphenylacety-
lene, or the like and which uses photodimerization; an pho-
toalignment layer which has the structure of a soluble poly-
imide, a cyclobutane-type polyimide, or the like and which
uses photodecomposition by light irradiation; and an photo-
alignment layer formed by light irradiation on a polyimide
obtained through a reaction between biphenyl tetracarboxylic
acid dianhydride and diamino diphenyl ether (BPDA/DPE).

[0235] The photoalignment layer may be manufactured by
irradiating light having anisosropy on a coating film which
contains a compound having an optical alignment group so as
to align the optical alignment group and so as to fix the optical
alignment state.

[0236] When the compound having an optical alignment
group has a polymerizable group, after a light irradiation
treatment is performed to impart a liquid crystal alignment
ability, the polymerization is preferably performed. The poly-
merization method may be either photopolymerization or
thermal polymerization. In the case of photopolymerization,
a photopolymerization reaction is performed in such a way
that a photopolymerization initiator is added to an optical
alignment agent, and after a light irradiation treatment is
performed, for example, light having a different wavelength
is irradiated. On the other hand, in the case of thermal poly-
merization, a thermal polymerization reaction is performed in
such a way that a thermal polymerization initiator is added to

represent an integer of
“* represents
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an optical alignment agent, and after a light irradiation treat-
ment is performed, heating is performed.

[0237] In order to fix the optical alignment state of the
photoalignment layer, an optically cross-linkable polymer
may be used. As the optically cross-linkable polymer align-
ment film, the following compounds may be mentioned.

[Chem. 44]

(VII-a)
RZOl—fAlol—ZZOIW PZOI
(VIIL-b)

RZOI_« A201 —_ ZZOIW P202+Z202_ AZOZW R202

(Inthe formula, R*°* and R**? each independently represent a
linear or a branched alkyl group having 1 to 30 carbon atoms,
a hydrogen atom, or a fluorine atom, at least one —CH,—
group of the alkyl group may be substituted by —O—, —S—,
—NH—,  —N(CH;)—,  —CO0—, —(C£0——0—,
—0—C0—, —0—CO—0—, —S8—CO—, —CO—8—,
—0—80,—, —S0,—0—, —CH—CH—, —(C=C—, a
cyclopropyl group, or —Si(CH, ),— so that oxygen atoms or
sulfur atoms are not directly bonded to each other, at least one
hydrogen atom of the alkyl group may be further substituted
by a fluorine atom, a chlorine atom, a bromine atom, or a CN
group, the alkyl group may have a polymerizable group, the
alkyl group may include a condensed or a spiro cyclic system,
the alkyl group may include at least one aromatic or aliphatic
ring which is able to include at least one hetero atom, and the
rings described above may be arbitrarily substituted by an
alkyl group, an alkoxy group, or a halogen;

[0238] Z2°' and 7*° each independently represent —O—,
-, —C0O—, —CO—0—, —0—C0—, —0—CO—

0—, —CO—NRY—, —NR%)—CO—, —OCH,—.
~ CH,0—,SCH,—,—CH,S—, CF,0—, OCF,,
—CF,8—, —SCF,—, —CHCH,—, —CF,CH—.

—CH,CF,—, —CF,CF,—, —CH—CH—, —CF—CH—,
—CH—CF—, —CF—=CF—, —(C=C—, —CH—CH—
CO—0—,—0—CO—CH—CH—, orasingle bond, and R*
of —CO—N(R*)— or —N(R*)—CO— represents a hydro-
gen atom or a linear or a branched alkyl group having 1 to 4
carbon atoms;

[0239] A*°' and A*°* each independently represent a cyclic
group selected from a phenylene group, a cyclohexylene
group, a dioxolanediyl group, a cyclohexenylene group, a
bicyclo[2,2,2]octylene group, a piperidinediyl group, a naph-
thalenediy] group, a decahydronaphthalenediyl group, a tet-
rahydronaphthalenediyl group, or an indanediyl group, at
least one —CH— group in the ring of the above phenylene
group, naphthalenediyl group, tetrahydronaphthalenediyl
group, or indanediyl group may be substituted by a nitrogen
atom, one —CH,— group or two —CH,— groups which are
not adjacent to each other in the ring of the above cyclohexy-
lene group, dioxolanediyl group, cyclohexenylene group,
bicyclo[2,2,2]octylene group, piperidinediyl group, decahy-
dronaphthalenediyl group, tetrahydronaphthalenediyl group,
or indanediyl group may be substituted by —O— and/or
—S—, and at least one hydrogen atom of the above cyclic
group may be substituted by a fluorine atom, a chlorine atom,
a bromine atom, a CN group, or a NO, group or by an alkyl
group having 1 to 7 carbon atoms, an alkoxy group, an alkyl
carbonyl group, or an alkoxy carbonyl group, in each of
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which at least one hydrogen atom may be substituted by a
fluorine atom or a chlorine atom;

[0240] n,,, and n,,, each independently represent an inte-
ger of 1 to 3; and

[0241] P*°! and P*°* each independently represent an opti-
cal alignment group, such as cynnamoyl, cumarin, ben-
zylidene phthaldiimide, calcon, azobenzene, or stilbene, P>°*
represents a monovalent group, and P represents a divalent
group.

[0242] As a more preferable compound, for example, com-
pounds represented by formula (VII-c) having a cynnamoyl
group, formula (VII-d) having a cumarin group, and formula
(Vl1I-e) having a benzylidene phthaldiimide may be men-
tioned.

[Chem. 45]
(VIIL-¢)

R201_(A201_2201

7202 Azoz2 R202
02

(VII-d)

1204

R s

_I_ ®),,
R201—€A201—2201 |

201 \ / \ 7202 — 52023 R202
02
(6]
[6]
(VIII-e)
(0]

(R206)n206

RZOI_(AZOI_ZZOI N
M1

[0243] In the formulas (VII-c), (VII-d), and (VII-e), the
definitions of R*%, R292, A201 A292 7201 7202 1y and 0,0y
are the same as those of the formulas (VII-a) and (VII-b);
R?%, R R2% R2% and R*°7 eachindependently represent
a halogen atom (F, Cl, Br, or I), a methyl group, a methoxy
group, —CF,, —OCF;, a carboxy group, a sulfo group, a
nitro group, an amino group, or a hydroxy group; and

n?°? represents an integer of 0 to 4, n>** represents an integer
of 0 to 3, n°® represents an integer of 0 or 1, n*°° represents
an integer of 0 to 4, and n**” represents an integer of 0 to 5.

[0244] Although alight source of the liquid crystal display
element is not particularly limited, in consideration of low
power consumption, an LED is preferable. An LED is pref-
erably disposed along a short side of the liquid crystal display
element as compared to along a long side thereof, is prefer-
ably provided at one side as compared to at two sides, and is
more preferably provided only at a corner of the liquid crystal
display element. Furthermore, in order to suppress the power
consumption, for example, a blinking control (technique to
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decrease light quantity or turn off light in a dark region), a
multi-field drive technique (technique to discriminate a drive
frequency for a moving image display and that for a still
image display), a technique to switch a light quantity mode
between the inside and the outside of a building or between
night and day, and a technique to temporarily stop drive using
a memory function of the liquid crystal display element are
preferably used. In addition, since outdoor light (sunlight
and/or interior light) can be used, a reflective type display
element is preferable although having no light source. In
order to prevent the loss of light emitted from a light source,
alight guide plate and/or a prism sheet is preferably used. The
light guide plate and/or the prism sheets preferably uses an
association resin, and as a transparent resin, for example, a
methacrylic resin (PMMA or the like), a polycarbonate resin,
an ABS resin (acrylonitrile-styrene-butadiene copolymer
resin), an MS resin (methyl methacrylate-styrene copolymer
resin), a polystyrene resin, an AS resin (acrylonitrile-styrene
copolymer resin), a polyolefin resin (polyethylene, polypro-
pylene, or the like), and a cyclic polyolefin may be mentioned.

[0245]  As for the improvement in contrast, a blinking con-
trol (technique to decrease light quantity or turn off light in a
dark region), an element having an aperture ratio of 50% or
more, an alignment film having high alignment characteris-
tics, and/or an antiglare film may be used, or a field sequential
method (coloring method in which without using a color
filter, LEDs of three RGB colors are sequentially turned on
for a time within one frame of displaying image shorter than
human eyes’ time resolution so as to enable a viewer to
recognize a color) may be preferably used. In order to
increase the aperture ratio, the size of the active element is
preferably decreased, and a semiconductor having a high
mobility of 600 cm*/V's or more is preferably used to reduce
the size of the active element.

[0246] For the rapid response performance, it is preferable
to use an overdrive scheme (voltage for gray scale display is
increased to obtain fast switching time), to impart a pretilt to
the substrate, or to use a ferroelectric liquid crystal having
negative dielectric anisotropy.

[0247] The liquid crystal display element of the present
invention may also be used as a touch panel display element
for tablet PC application, and in this case, the display element
preferably has an impact resistance, a vibration resistance,
hydrophobic and lipophobic characteristics, a stain resis-
tance, and a finger print resistance. In applications, such as an
ATM (automatic teller machine), an automatic vending
machine, an automatic ticketing machine, a toilet monitor, a
copying machine, and a public phone, which many unspeci-
fied people use, and also in medical, nursing care, and baby-
related applications, the display element preferably has a
virus resistance against viruses, such as a flu virus, a norovi-
rus, and an RS virus, and a bacterial resistance against sal-
monella, Bacillus coli, Staphylococcus aureus, and the like
and more preferably has a solvent resistance, an acid resis-
tance, an alkaline resistance, and a heat resistance which are
required for cleaning, such as sterilization, of the display
element. In applications for warehouses, transportation/dis-
tribution, manufacturing, maintenance works, construction
sites, marine survey, fire fighting/police, lifesaving (rescue),
accident prevention, and the like, the display element prefer-
ably has characteristics, such as a dust resistance, a water
resistance, a salt resistance, an explosion resistance, and a
radiation resistance and more preferably satisfies Europe

Nov. 6, 2014

Explosion Protection Regulation (ATEX Zone2 Category3),
water-proof and dust-proof execution (IP65), and US military
standard (MIL-STD-810F).

[0248] The impact resistance is preferably used for a dis-
play element which is required to pass a 3-foot drop test
performed onto a concrete floor, an impact-resistance mag-
nesium alloy or a multilayer magnesium alloy is preferably
used for a case of the display element, and in order to secure
the impact resistance and the vibration resistance, a SSD is
preferably used for storage. In order to enhance the visibility
even in an outdoor environment under direct sunlight, Dual-
Mode Allvue™ Xtreme Technology is preferably used.
[0249] Inorder to suppress the degradation in display qual-
ity caused by stains, a film having hydrophobic and lipopho-
bic characteristics, a stain resistance, a finger print resistance,
finger-print erasing characteristics, and the like is preferably
used, a transparent base film is preferably used as a base
material of the film, and in particular, as a resin material
forming the transparent base film, there may be mentioned an
acrylic resin, such as a poly(meth)acrylate, a cellulose resin,
such as a triacetate cellulose (TAC), a diacetyl cellulose, or a
cellophane, a polyester resin, such as a poly(ethylene tereph-
thalate) (PET) or a poly(ethylene naphthalate), a polyamide
resin, such as a 6-nylon, a polyolefin resin, such as a polyeth-
vlene or a polypropylene, an organic polymer, such as a
polystyrene, a poly(vinyl chloride), a polyimide, a poly(vinyl
alcohol), a polycarbonate, or an ethylene vinyl alcohol, an
epoxy resin, a urethane resin, or a copolymer resin, such as an
ABS resin (acrylonitrile-styrene-butadiene copolymer resin),
an MS resin (methyl methacrylate-styrene copolymer resin),
or an acrylonitrile-styrene. Among those mentioned above, in
view of the versatility, a triacetate cellulose (TAC)-based
resin and a poly(ethylene terephthalate) (PET)-based resin
are preferable.

[0250] In order to enhance a scratch resistance, a hard coat
film or a self-restoring coat film is preferably applied to the
film. As a resin contained in a hard coat-layer forming com-
position, although known resins may be used, in consider-
ation of improvement in surface hardness, an ionizing radia-
tion curable resin is preferably contained.

[0251] As the ionizing radiation curable resin, for example,
there may be mentioned a polyfunctional acrylate, such as an
acrylate ester or a methacrylate ester of a polyalcohol, or a
polyfunctional urethane acrylate synthesized, for example,
from diisocyanate and a hydroxy ester between a polyalcohol
and acrylic acid or methacrylic acid. In addition, besides the
aboveresins, for example, a polyether resin, a polyester resin,
an epoxy resin, an alkyd resin, a spiro acetal resin, a polyb-
utadiene resin, and a polythiol-polyene resin, each of which
has an acrylate functional group, may also be mentioned.
Among those mentioned above, in consideration of the
improvement in surface hardness, a polyfunctional (meth)
acrylic monomer is preferably used. In this case, as the poly-
functional (meth)acrylic monomer, an ester compound is
preferable which is formed in such a way that a polyalcohol
having at least two alcoholic hydroxides in its molecule is
allowed to react at the alcoholic hydroxides thereof with at
least two (meth)acrylic acid molecules. Besides the above
compound, for example, a compound in which a reactive
acrylic group is bonded to an acrylic resin skeleton, a poly
(ester acrylate), a urethane acrylate, an epoxy acrylate, and a
poly(ether acrylate) may also be mentioned. In addition, for
example, a compound in which an acrylic group is bonded to
a rigid skeleton, such as melamine or isocyanuric acid, may
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also be used. In addition, the polyfunctional (meth)acrylic
monomer of the present invention may also be an oligomer.
As commercially available polyfunctional acrylic monomers,
for example, products sold by Mitsubishi Rayon Co., Ltd.
(trade name: “Diabeam” series and the like), Nagase Chem-
teX Corp. (trade name: “Denacol” series and the like), Shin-
Nakamura Chemical Co., Ltd. (trade name: “NK Ester” series
and the like), Dainippon Ink and Chemicals Inc. (trade name:
“UNIDIC” series and the like), Toagosei Co., Ltd. (trade
name: “Alonix” series and the like), NOF Corp. (trade name:
“Blenmer” series and the like), Nippon Kayaku Co., Ltd.
(trade name: “KAYARAD” series and the like), and Kyoeisha
Chemical Co., Ltd. (trade name: “Light Ester” series, “Light
Acrylate” and the like) may be used.

[0252] In addition, as another ionizing radiation curable
resin, a fluorine-containing compound having a polymeriz-
able group may be mentioned. Since the hard coat-layer form-
ing composition contains a fluorine-containing compound
having a polymerizable group, the stain resistance can be
imparted to the surface of a hard coat layer formed from the
hard coat-layer forming composition. When a fluorine-based
additive having no polymerizable group is used, since being
present in a floating state on the surface of the hard coat layer,
the additive is removed from the surface thereof by wiping
with acloth or the like. Hence, when the surface is wiped once
with a cloth or the like, the stain resistance is disadvanta-
geously lost. Accordingly, when a fluorine compound having
a stain resistance is modified to have a polymerizable group,
the fluorine additive can be simultaneously polymerized
when the hard coat layer is formed, and as a fluorine-contain-
ing compound which has a polymerizable group and an
advantage of maintaining a stain resistance even if the surface
is wiped out with a cloth or the like, a compound having a
(meth)acrylate group as a polymerizable group is more pref-
erable. The reason for this is that copolymerization can be
performed with a polyfunctional (meth)acrylate monomer,
and by radical polymerization with ionizing radiation, an
increase in hardness can be achieved. As the fluorine-contain-
ing compound having a polymerizable group, a compound
having a (meth)acrylate group as a polymerizable group is
more preferable. The reason for this is that copolymerization
can be performed with a polyfunctional (methjacrylate
monomer, and by radical polymerization with ionizing radia-
tion, an increase in hardness can be achieved. As the fluorine-
containing compound having a polymerizable group
described above, for example, there may be mentioned
Optool DAC (manufactured by Daikin Industries, Ltd.),
SUA1900L10 and SUA1900L6 (manufactured by Shin-Na-
kamura Chemical Co., Ltd.), UT3971 (manufactured by The
Nippon Synthetic Chemical Industry Co., Ltd.), Defen-
saTF3001, DefensaTF3000, and DefensaTF3028 (manufac-
tured by Dainippon Ink and Chemicals Inc.), Light Procoat
AFC3000 (manufactured by Kyoeisha Chemical Co., Ltd.),
KNSS5300 (manufactured by Shin-Etsu Silicone Co., Ltd.),
and UVHCI1105 and UVHCS8550 (manufactured by GE
Toshiba Silicones Co., [td.). The use amount of the fluorine-
containing compound having a polymerizable group is pref-
erably 0.01 to 10 percent by weight with respect to the poly-
functional (meth)acrylic monomer of the hard coat-layer
forming composition. When the amount is less than 0.01
percent by weight, a sufficient stain resistance cannot be
obtained, and a surface energy is high, such as more than 20
mN/m, and when the amount is more than 10 percent by
weight, since the compatibility with a polymerizable mono-

Nov. 6, 2014

mer and a solvent is inferior, whitening of a coating solution
and precipitation occur, so that problems, such as defect gen-
eration of the coating solution and the hard coat layer, may
arise in some cases.

[0253] The hard coat-layer forming composition prefer-
ably contains a photoradical polymerization initiator to ini-
tiate a polymerization reaction of the above ionizing radiation
curable resin. The photoradical polymerization initiator gen-
erates radicals by irradiation of ionizing radiation and ini-
tiates the polymerization reaction of the above ionizing radia-
tion curable resin. As particular examples of the photoradical
polymerization initiator, for example, there may be used car-
bonyl compounds, such as acetophenone, 2,2-diethoxyac-
etophenone, p-dimethylacetophenone, p-(dimethylamino)
propiophenone, benzophenone, 2-chlorobenzophenone, 4,4'-
dichlorobenzophenone, 4 4'-bis(diethylamino)
benzophenone, Michler ketone, benzil, benzoin, benzoin
methyl ether, benzoin ethyl ether, benzoin isopropyl ether,
p-isopropyl-c-hydroxyisobutylphenone, —a-hydroxyisobu-
tylphenone,  2,2-dimethoxy-2-phenylacetophenone, and
1-hydroxycyclohexyl phenyl ketone, and sulfur compounds,
such as tetramethylthiuram monosulfide, tetramethylthiuram
disulfide, thioxanthone, 2-chlorothioxanthone, and 2-meth-
ylthioxanthone. Those photopolymerization initiators may be
used alone, or at least two types thereof may be used in
combination. The use amount of the photoradical polymer-
ization initiator is, with respect to the ionizing radiation cur-
able resin of the hard coat-layer forming composition, appro-
priately 0.01 to 10 percent by weight. When the amount is less
than 0.01 percent by weight, a sufficient curing reaction does
not proceed by irradiation of ionizing radiation, and when the
amount is more that 10 percent by weight, the ionizing radia-
tion does not reach a lower portion of the hard coat layer.

[0254] Besides the components described above, if neces-
sary, the hard coat-layer forming composition may contain,
within the range in which the reaction by ionizing radiation is
not disturbed, a modifier to improve the characteristics of the
hard coat layer and/or a thermal polymerization inhibitor
which inhibits thermal polymerization in manufacturing of a
hard coat film and/or a dark reaction of the hard coat-layer
forming composition during storage. As the modifier, for
example, a coating improver, an antifoaming agent, a thick-
ener, an anti-static agent, an inorganic filler, an organic filler,
an organic lubricant, an organic polymer compound, an UV
absorber, an optical stabilizer, a dye, a pigment, and a stabi-
lizer may be mentioned. The content of the modifier is, in 100
percent by weight of the solid component of the hard coat-
layer forming composition, preferably 0.01 to 5 percent by
weight. As the thermal polymerization inhibitor, for example,
hydroquinone, hydroquinone monomethyl ether, or 2,5-t-bu-
tyl hydroquinone may be mentioned. The content of the ther-
mal polymerization initiator is, in 100 percent by weight of
the solid component of the hard coat-layer forming compo-
sition, preferably 0.005 to 0.05 percent by weight.

[0255] Inaddition, in order to impart an antiglare function
to the hard coat layer, the hard coat-layer forming composi-
tion may contain various types of particles. As the particles,
for example, organic particles, such as acrylic particles,
acrylic-styrene particles, polystyrene particles, polycarbon-
ate particles, and melamine particles, and inorganic particles,
such as silica particle talc, various types of aluminosilicates,
kaolin clay, and MgAl hydrotalcite, may be mentioned. As the
average particle diameter of the above particles, 0.5 to 10 pm
is preferable, and in this case, the average film thickness of the
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hard coat layer is preferably 2 to 20 um. When the average
particle diameter of the particles is less than 0.5 pum, irregu-
larities are difficult to be formed on the surface of the hard
coat layer. On the other hand, when the average particle
diameter of the particles is more than 10 pm, the texture of a
hard coat film to be obtained becomes coarse, and hence, a
hard coat film which is not suitable for a highly fine display
surface may be formed in some cases. In addition, when the
average film thickness of the hard coat layer is less than 2 um,
a scratch resistance sufficient for the display surface may not
be obtained in some cases. On the other hand, when the
average film thickness of the hard coat layer is more than 20
um, the degree of curling of a hard coat film to be manufac-
tured is increased. and hence handling thereof may become
difficult in some cases.

[0256] In view of the scratch resistance, a film having a
self-restoring function is also preferably applied, a film is
preferably self-restored by its elastic modulus even if being
scratched, and for example, “magic film” (Suncrest) or the
like may be applied.

[0257] For the virus resistance and bacterial resistance,
methods using an optical catalyst and/or Ag particles are
preferably used, inorganic particles, such as titanium oxide,
are preferably used as the optical catalyst, nanoparticles are
more preferably used as the Ag particles, and a ceramic com-
posite material, such as e* (Farth Plus), having an optical
decomposition ability is preferable for the virus resistance.
When being not transparent, a coating or a film exhibiting the
virus resistance and/or bacterial resistance is preferably
applied to a portion other than a display portion, and when
being transparent, the coating or the film mentioned above is
preferably applied to the entire display element.

[0258] For the finger print resistance, a compound having
an oil-repellent property is preferably added to the film, and a
compound having a fluorinated substituent or a perfluoro
group, such as a perfluoropolyether acrylate compound, is
preferably added to the film. Alternatively, a functional film,
such as “ClearTouch” (NOF Chemical) or Anti fingerprint
(registered trade mark) Film (Tsujiden Co., Ltd.) may also be
applied.

[0259] As the function of the display element of the present
invention, a triaxial gyroscope, an acceleration sensor, an
ambient light sensor, mobile phone communication such as
Wi-Fi or 3G, a digital compass, and a GPS function are
preferable.

[0260] As a UPU used for a tablet PC using the display
element of the present invention, a unit which consumes a low
power, generates a small heat quantity, and performs a large
number of operations is preferable, a single core and a dual
core are preferable, and a quad core, an 8-core, a 12-core, a
24-core, a 48-core, a 96-core, and a 192-core are more pref-
erable.

[0261] Inaddition, the display element ofthe present inven-
tion preferably has a communication function to control a
notebook personal computer, a mobile phone, a smart phone,
atablet PC, a monitor, a measuring instrument, a home appli-
ance, such as a house air conditioner, a television, a washing
machine, a rice cooker, a component stereo, a portable music
player, a home solar cell, or a home fuel cell, a hybrid car, an
electric car, a nursing robot, a nursing body suit, and a robot
or an observation apparatus to be used for disasters, such as an
earthquake, a fire, a flood disaster, a landslide, an eruption, a
pyroclastic flow, an avalanche of earth and rocks, a guerrilla
rainstorm, a nuclear reactor accident, and a nuclear reactor
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phenomenon. The communication is preferably performed
through mobile LAN, such as Wi-Fi, 3G, fourth-generation
mobile communication, fifth-generation mobile communica-
tion, or sixth-generation mobile communication, high speed
networks, telephone lines, Internet, Bluetooth, and infrared
rays. The display element of the present invention preferably
has a function to control a next-generation power transmis-
sion system, such as a smart grid, a smartcity, ora smart town,
in which “centralized power generation” such as thermal
power generation and/or nuclear power generation and “dis-
tributed power generation” which separately performs power
generation at various places close to power consumption
areas are efficiently controlled using a leading-edge IT tech-
nology, and is preferably used as an information terminal
which controls at any time and at any place, electric power
generated by thermal power generation, hydraulic power gen-
eration, nuclear power generation, wind power generation,
geothermal power generation, solar cell power generation,
geothermal power generation, fuel cell power generation,
ocean current power generation, wave power generation,
piezoelectric power generation, recyclable energy, and/or the
like, and which also controls at any time and at any place, an
automobile, an electric car, a work, a housing, a hospital, a
school, a public office, a lighting device, an air conditioner, a
machine, an apparatus, a homeappliance, and the like, each of
which is driven by using the electric power generated as
described above. In addition, the display element of the
present invention is preferably used for an electronic book, an
electronic textbook, an electronic medical record, an elec-
tronic notebook, or the like, and a touch panel type in which
a pressing force is applied by a finger, a pen input, or the like
is most preferable.

[0262] Even if a pressure of 1 kg or less is pressed as the
pressing force to the surface of the display element by a
pointed front end, such as a mechanical pencil having an area
of 0.2 mm? or a stylus pen for a tablet PC, the display is
preferably restored; the display is preferably restored even
when the surface of the display element is pressed by a thumb,
an index finger, or the like; the display is preferably restored
even when a pressure of 2 kg or less is applied by a finger
having an area of 4x3 cm? or less; and resistance against
repeated pressure cycles is preferably 10,000 times or more,
100,000 times or more, and 100,000 times or more and is
more preferably 10,000,000 times or more.

[0263] Although the display element of the present inven-
tion may be used for a stationary type display element, such as
a desktop personal computer, a small, a medium, or a large
control apparatus, or an automatic vending machine, in addi-
tion to that, the display element may also be used fora digital
signage (electronic signage), point of purchase advertising
(POP), an electronic time table, an electronic display board,
an electronic price tag, an electronic black board, an instru-
mental display, or the like. As the display surface, either one
surface or two surfaces may be used, and a sea-through dis-
play may also be used. In particular, preferably, a touch panel
system in which a pressing force is applied, for example, by a
finger or a pen input is most preferable. In order to readily use
the display element at any time and at any place, the form of
a notebook personal computer, a tablet PC, a smart phone, or
a mobile phone is preferable, and in particular, preferably, a
touch panel type display element in which a pressing force is
applied, for example, by a finger or a pen input is most
preferable.



US 2014/0327862 Al

[0264] The liquid crystal display element may be a flexible
display element, and in this case, as an electrode substrate, a
flexible substrate, such as a plastic substrate or a thin film
glass substrate, is preferably used. As the electrode, a flexible
electrode material, such as a graphene (sheet formed of a
carbon monoatomic layer) or an organic semiconductor, is
preferably used.

[0265] The structure of an organic TFT is preferably a top
contact or a bottom contact and more preferably a bottom
gate/bottom contact type. As an organic semiconductor func-
tioning as a key material, for example, an polycyclic aromatic
compound, such as a metal (Cu, Pb, or Ni) phthalocyanine
derivative, a metal porphyrin derivative, a pentacene deriva-
tive, an anthracene derivative, a tetracene derivative, an
anthradithiophene derivative, a hexabenezocoronene deriva-
tive, or a rubrene derivative; a low molecular weight com-
pound, such as tetracyanodiquimethane; a polymer, such as a
polyacetylene, a poly-3-hexylthiophene (P3HT), a poly(p-
phenylene vinylene) (PPV), a polyfluorene, or a polypyrrole;
a polythiophene derivative, a perylene tetracarboxylic diim-
ide derivative (PTCDI), a perylene tetracarboxylic acid dian-
hydride derivative (PTCDA), a fluorine-substituted phthalo-
cyanine derivative, carbon nanotubes, a polyaniline
derivative, a graphene, a naphthalene tetracarbonyl com-
pound, a perylene tetracarbonyl compound, a quaterrylene
tetracarbonyl compound, a fullerene compound, or a hetero
S-membered cyclic compound (such as an oligothiophene or
a TTF derivative) is preferable, and pentacene is more pref-
erable. In addition, those organic semiconductors each may
be doped, and a polypyrrole doped with iodine and a poly-
acetylene doped with iodine are preferable. In order to
improve the characteristics of the organic semiconductor
compound, the alignment of molecules is preferably
enhanced, and an organic semiconductor compound obtained
by imparting liquid crystal properties to the above compound
is preferably used. Those liquid crystal organic semiconduc-
tor compounds each may be any one of a low molecular
weight compound, a high molecular weight compound, and a
supramolecular weight compound and each preferably has a
columnar structure or a layer structure to transport electrons
or holes.

[0266] For manufacturing of a graphene material, either a
top down or a bottom up may be used, any one ofa scotch tape
method, a modified Hummers method, and a supercritical
method may be used for the top down, and either a thermal
CVD method or a method for growing a graphene on SiC may
be used for the bottom up. The formation of a transistor using
a graphene is preferably performed by a peeling and transfer
method, a CVD and transfer method, or a SiC surface pyro-
lytic method, and when manufacturing is performed at a low
temperature, a technique is preferable in which a graphene is
formed on an insulating substrate by CVD at a low tempera-
ture of 650° C. so as to directly form a graphene transistor
over the entire surface of the substrate (Fujitsu Laboratories).
In order to obtain a monolayer graphene sheet having a large
area anda high carrier mobility, amethod in which a graphene
film is formed on a thin Cu film by CVD and is then trans-
ferred to another substrate is preferable, and in particular, a
method is preferable in which after a Cu film is adhered to the
inside of a cylindrical quartz tube having a diameter of 8
inches or more, and CVD is performed on the film, the Cu film
is recovered and is then tightly adhered to a polymer film,
followed by performing peeling (X. Li et al., Science, 324,
1312 to 131.4 (2010)).
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[0267] Gold, platinum/gold, and a polymer material are
preferably used of a gate electrode, a source and a drain
electrode, and a gate insulating film and a passivation film,
respectively, and after all layers other than the passivation
film are formed, a pentacene film is preferably formed by
deposition. In order to improve the performance of an organic
TFT, the control of the interface of the pentacene with the
organic gate insulating film and the electrode is important,
and for example, it is preferable to increase the mobility by
addition of a silane coupling agent into the organic insulating
film so as to impart hydrophobic properties thereto and/or to
form an electrode having a laminate structure so as to
decrease the contact resistance of the pentacene with the
source and the drain electrodes. Fine and precise integration
between the organic TFT and an organic EL having a top
emission structure is preferable as a display element.

[0268] Furthermore, as a method for manufacturing a dis-
play element using an organic semiconductor, a printing
method (printable electronics) is preferable, and a graphene
transistor formed by a printing method is preferably used. For
a printing wire used for a flexible display element, a metal
nanoparticles material, such as nano silver particles or nano
copper particles, is preferably used. In addition, as a printing
method which can obtain an organic semiconductor superior
to amorphous silicon, a “double shot” printing method is
preferable in which an ink dissolving an organic semiconduc-
tor and an ink promoting crystallization thereof are alter-
nately dripped, and in this case, as a semiconductor ink,
C8-BTBT (dioctyl benzothieno benzothiophene) is prefer-
able (Nature 475, 364 to 367, 21 Jul. 2011).

[0269] Theliquid crystal display element may also perform
3D display, for example, by time division, such as a field
sequential method; space division, such as a polarization
method, a parallax barrier method, or an integral imaging
method; wavelength division, such as a spectroscopic method
or anaglyph; or a FPS mode.

[0270] In order to improve the vibration resistance and
impact resistance, which are required due to the reduction in
number of components of a liquid crystal display element
(cost reduction) and the reduction in number of portions to be
connected to outside circuits, SOG (System on Glass) is
preferable. As circuits mounted on a glass substrate, a DAC,
a power amplifier, a logic circuit, a microprocessor, and a
memory, each of which is supplied as an IC or an LSI, are
mentioned, and a peripheral circuit mounted on a glass sub-
strate is preferable which is systematically formed thereon by
mounting a liquid crystal control circuit, a power source
circuit, an input/output interface circuit, a signal processing
circuit, a power amplifier, and the like.

EXAMPLES

[0271] Hereinafter, although the present invention will be
described in detail with reference to examples, the present
invention is not limited only to those examples. In addition,
unless otherwise noted, “%” indicates “percent by weight”.

(Preparation of Ferroelectric Liquid Crystal Composition)

[0272] A ferroelectric liquid crystal composition (Compo-
sition 1) of Example 1 was prepared by blending a ferroelec-
tric liquid crystal composition LC-1 (total 65%) and 35% of
a chiral compound (CH-1).
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[0273] A ferroelectric liquid crystal composition (Compo-
sition 2) of Example 2 was prepared by blending the ferro-
electric liquid crystal composition LC-1 (total 65%) and 35%
of a chiral compound (CH-2).

[0274] A ferroelectric liquid crystal composition (Compo-
sition 0.3) of Example 3 was prepared by blending the ferro-
electric liquid crystal composition LC-1 (total 65%) and 35%
of a chiral compound (CH-3).

[0275] A ferroelectric liquid crystal composition (Compo-
sition 4) of Example 4 was prepared by blending the ferro-
electric liquid crystal composition LC-1 (total 65%), 10% of
a chiral compound (CH-4), 15% of a chiral compound (CH-
5), and 10% of a chiral compound (CH-6).

]
—N
OCgH
Satat
N
—N
C8H17{ />_®7OC8H17
\
—N
C3H17{ />—®70C9H19
\
—N
Pt
N
]

[Chem. 46

CgHy7
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E
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NN 35%
N F
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=111
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[0276] A ferroelectric liquid crystal composition (Compo-
sition 5) of Comparative Example 1 was prepared by blending
a ferroelectric liquid crystal composition LC-2 (total 65%)
and 35% of the chiral compound (CH-1).

[0277] A ferroelectric liquid crystal composition (Compo-
sition 6) of Comparative Example 2 was prepared by blending
the ferroelectric liquid crystal composition LC-2 (total 65%)
and 35% of the chiral compound (CH-2).

[0278] A ferroelectric liquid crystal composition (Compo-
sition 7) of Comparative Example 3 was prepared by blending
the ferroelectric liquid crystal composition LC-2 (total 65%)
and 35% of the chiral compound (CH-3).

19.4% h

17.5%

> LC-1

6.5%
21.6% /
(CH-2)
O
(0] 35%
CeHy3
HiC
(CH-3)
35%
(CH-3)

F
Celi3 CGng—(
)—Csng > C6H13

E
Cd‘hs*{
’ Q O O A o
>7C5H13

(CH-6)
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[0279] In addition, in the formulas LC-1, LC-2, CH-1, and
CH-2,C.H, 5, CgH, 5, and CoH, 4 each represent a linear alkyl
group.

[0280] A ferroelectric liquid crystal composition (Compo-
sition 1M) of Example 5 was prepared by blending the ferro-
electric liquid crystal composition (total 94 parts) described
in Example 1 and the following monomer mixture (total 6.12
parts).

[0281] A ferroelectric liquid crystal composition (Compo-
sition 2M) of Example 6 was prepared by blending the ferro-
electric liquid crystal composition (total 94 parts) described
in Example 2 and the following monomer mixture (total 6.12
parts).

[Cherm. 49]

SN NN
(0]
/\[( 0 OMO
(0] (0]
0]
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[Chem. 48]

25% )

15%

5%

[0282]
sition 3M) of Example 7 was prepared by blending the ferro-

A ferroelectric liquid crystal composition (Compo-

electric liquid crystal composition (total 94 parts) described
in Example 3 and the following monomer mixture (total 6.12
parts).
[0283]
sition 4M) of Example 8 was prepared by blending the ferro-

A ferroelectric liquid crystal composition (Compo-

electric liquid crystal composition (total 94 parts) described
in Example 4 and the following monomer mixture (total 6.12
parts).

(I-A)

A

NN NN

2.4 parts

(1I-A)

AJOWO\QJ\O/Q\/\OJ\@/OWO\(\

2.4 parts
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1.2 parts
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0.12 parts
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[0284] A ferroelectric liquid crystal composition (Compo-
sition SM) of Comparative Example 4 was prepared by blend-
ing the ferroelectric liquid crystal composition (total 94 parts)
described in Comparative Example 1 and the following
monomer mixture (total 6.12 parts).

[0285] A ferroelectric liquid crystal composition (Compo-
sition 6M) of Comparative Example 5 was prepared by blend-
ing the ferroelectric liquid crystal composition (total 94 parts)
described in Comparative Example 2 and the following
monomer mixture (total 6.12 parts).

[0286] A ferroelectric liquid crystal composition (Compo-
sition 7M) of Comparative Example 6 was prepared by blend-
ing the ferroelectric liquid crystal composition (total 94 parts)
described in Comparative Example 3 and the following
monomer mixture (total 6.12 parts).

(Formation of Liquid Crystal Display Element)

[0287] By using a capillary filling with heating, the ferro-
electric liquid crystal composition of each of Examples 1 to 4
and Comparative Examples 1 to 3 was injected into a liquid
crystal cell using a polyimide alignment film for vertical
alignment, and after the injection was completed, the liquid
crystal cell was sealed. As the vertically aligned liquid crystal
cell, S-0088-4-N-W (Sun Trading Co., Ltd., cell gap: 4 uM)
was used.

(Method for Manufacturing Polymer Stabilized Display
Element)

[0288] By the use of the ferroelectric liquid crystal compo-
sition described in each of Examples 5 to 8 and Comparative
Examples 4 to 6, after a liquid crystal display element was
formed 1n a manner similar to that of the above-described
method for manufacturing a liquid crystal display element, by
irradiation for 300 seconds using a metal halide lamp so as to
obtain an irradiation intensity of 5 mW/cm? at the cell sample
surface, a polymerizable compound of a polymer stabilized
ferroelectric liquid crystal composition is polymerized, so
that a polymer stabilized liquid crystal display element was
obtained. UV rays were guided to the liquid crystal cell dis-
posed on a microscope stage through a quartz glass optical
fiber with an UV cut filter L-37 (manufactured by Hoya
Candeo Optronics Corp.) provided therebetween.

(Method for Confirming Layer Normal)

[0289] The angle of the layer normal was determined by
measuring incidence angle dependence of retardation of the
liquid crystal cell. In particular, the following equation was
used which was the formula (3) in the literature by T. I.
Scheffer and J Nehring (“Accurate determination of liquid-
crystal tilt bias angles”, J. Appl. Phys., Vol. 48, No. 5, May
1977, p 1.783 to 1792).

[Math. 1]

2,2 242 5
Lo, . a . .
—(a° = b )sinacosy - ——| 1 = ——sin“y, | sing, +
o2 o3 c?

1
b(1 - PPsiny) Zsing, =0

(However, a=1/n,. a=1/n,, and c*=a” cos”0.+b” sin’ct hold.)
As shown by the above equation, when the incidence angle
(1) dependence of retardation showed an extreme value
(differentiation at 1, was 0), a value o indicating the angle of

Nov. 6, 2014

the layer normal was obtained by curve fitting. However, as
for the refractive index n, of extraordinary rays and the refrac-
tive index n, of ordinary rays, the tilt angle was taken into
consideration.

[0290] For measurement of the retardation, a liquid crystal
characteristic evaluation apparatus OMS-D14RD (Chuo Pre-
cision Industrial Co., Ltd.) was used.

(Anti-Pressure Alignment Ability)

[0291] After two polarizing plates were disposed in an
crossed nicol state, and a plastic bar (cross-sectional area:
approximately 0.2 mm?) having a diameter of 0.5 mm and a
length of 200 mm was brought into contact with a liquid
crystal cell provided between the polarizing plates, and a
pressure of 3 N/em? (300 g per 1 cm®, or 6 g per 0.2 mm?) was
applied thereto for 3 seconds. The pressure was released after
3 seconds, and the alignment restoration was confirmed by
visual inspection. Evaluation was performed as follows.
When the alignment was distorted (X)), white light leaked, and
when the alignment was restored (@), a dark field was
obtained.

TABLE 1
Angle of  Anti-Pressure
Layer Alignment
Composition Normal Ability
Example 1 Composition 1 88° ®
Example 2 Composition 2 88° @
Example 3 Composition 3 90° @
Example 4 Composition 4 90° &
Example 5 Composition 1M 88° ®
Example 6 Composition 2M 88° @
Example 7 Composition 3M 90° @
Example 8 Composition 4M 90° o]
Comparative Example | ~ Composition 5 78° X
Comparative Example 2 Composition 6 77° X
Comparative Example 3~ Composition 7 79° X
Comparative Example 4 ~ Composition 5M 78° X
Comparative Example 5 Composition 6M 77° X
Comparative Example 6 ~ Composition 7M 79° X

[0292] The results thus obtained are shown in Table 1.
According to Examples 1 to 8, after the pressure was released,
the alighment was immediately restored, and a dark field was
recovered. In the case of Comparative Examples 1 to 6, after
the pressure was released, white light leaked. The reason for
this is that although a voltage is not applied, light is scattered
due to the distortion of the alignment, and a light quantity
passing through the polarizing plates placed in an crossed
nicol state is generated. Hence, it could be confirmed that
according to the present invention, a ferroelectric liquid crys-
tal composition having an excellent anti-pressure alignment
ability was obtained.

1. A ferroelectric liquid crystal composition which con-
tains at least one type of liquid crystal compound and which
has a chiral smectic C phase, wherein a layer normal direction
of the chiral smectic C phase obtained when the ferroelectric
liquid crystal composition is sandwiched between substrates
is 80° to 90° with respect to the substrate surface.

2. The ferroelectric liquid crystal composition according to
claim 1, wherein the ferroelectric liquid crystal composition
is used for application in which when the ferroelectric liquid
crystal is sandwiched between the substrates, the chiral smec-
tic C phase has a helical pitch equal to or less than a cell gap.
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3. The ferroelectric liquid crystal composition according to
claim 1, wherein when the ferroelectric liquid crystal is sand-
wiched between the substrates, the chiral smectic C phase has
a helical pitch of 500 nm or less.

4. The ferroelectric liquid crystal composition according to
claim 1, wherein when the ferroelectric liquid crystal is sand-
wiched between the substrates, the chiral smectic C phase has
a helical pitch of 800 nm to 5 um.

5. The ferroelectric liquid crystal composition according to
claim 1, wherein a chiral compound included in the ferroelec-
tric liquid crystal composition contains at least one of a com-
pound having an asymmetric atom, a compound having axial
asymmetry, and a compound having plane asymmetry, and
the chiral compound has or has not a polymerizable group.

6. The ferroelectric liquid crystal composition according to
claim 1, wherein the ferroelectric liquid crystal composition
expresses at least one phase sequence of isotropic liquid-
chiral nematic phase-smectic A phase-chiral smectic C phase,
isotropic liquid-chiral nematic phase-chiral smectic C phase,
isotropic liquid-blue phase-chiral nematic phase-smectic A
phase-chiral smectic C phase, isotropic liquid-blue phase-
chiral nematic phase-chiral smectic C phase, and isotropic
liquid-chiral smectic C phase.

7. The ferroelectric liquid crystal composition according to
claim 1, which contains a pitch canceller which is an additive
to cancel the pitch ofa chiral nematic phase ora chiral smectic
C phase.

8. The ferroelectric liquid crystal composition according to
claim 1, which contains a polymerizable compound.

9. The ferroelectric liquid crystal composition according to
claim 1, which contains a biaxial compound.

10. The ferroelectric liquid crystal composition according
to claim 1, which contains inorganic particles.

11. The ferroelectric liquid crystal composition according
to claim 1, which contains organic-inorganic hybrid particles.

12. The ferroelectric liquid crystal composition according
to claim 1, which contains a trapping material for 1ons and
polar compounds.

13. The ferroelectric liquid crystal composition according
to claim 1, wherein the liquid crystal compound is at least one
compound selected from the group represented by the follow-
ing general formula:

[Chem. 1]

R—Z—A—Z—A+Z—R

(in the formula, R each independently represent a linear or a
branched alkyl group having 1 to 18 carbon atoms, a hydro-
gen atom, or a fluorine atom, at least one —CH,— group of

[Chem. 2]

7I—Y—7
/
R—Z—Cyclo
il
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the alkyl group may be substituted by —O—, —S—,
~ o, (OO0, —O0CO., —CO S,
—s—-C0—, —0—S0,— —S0,—0—, —0—CO—

O—, —CH—CH—, —C=C—, a cyclopropyl group, or
—Si(CH,),— so that oxygen atoms or sulfur atoms are not
directly bonded to each other, and at least one hydrogen atom
of the alkyl group may be substituted by a fluorine atom, a
chlorine atom, a bromine atom, or a CN atom;
7 each independently represent —O—, —S—, —CO—,
—C0—0— —0—CO0—,—0—CO—0—,—CO—

NR“)—, —NR%)—CO—, —OCH,—, —CH0—,
~SCH,, —CH,S—, — 080, , SO, O,
~CF,0, —OCF,—, —CFS—, —SCF,,
—CH,CH,—,  —CF,CH,—,  —CH,CF,—,
_CFCF,, —Co—CH-, —CF—CH,
— CH—CF ., ~ CF—CF—, —C=C,

—CH—CH—C0O—0—, —0—CO—CH—CH—, or

a single bond, and R* of —CO—N(R)— or —N(R“)—

CO— represents a hydrogen atom or a linear or a

branched alkyl group having 1 to 4 carbon atoms;

A each independently represent a cyclic group selected
from a phenylene group, a cyclohexylene group, a
dioxolanediyl group, a cyclohexenylene group, a
bicyclo[2,2,2]octylene group, a piperidinediyl group,
a naphthalenediyl group, a decahydronaphthalene-
diyl group, a tetrahydronaphthalenediyl group, or an
indanediyl group, at least one —CH— group in the
ring of the phenylene group, naphthalenediyl group,
tetrahydronaphthalenediyl group, or indanediyl
group may be substituted by a nitrogen atom, one
—CH,— group or at least two —CH,— groups
which are not adjacent to each other in the ring of the
cyclohexylene group, dioxolanediyl group, cyclohex-
enylene group, bicyclo[2,2,2]octylene group, pip-
eridinediyl group, decahydronaphthalenediyl group,
tetrahydronaphthalenediyl group, or indanediyl
group may be substituted by —O— and/or —S—,
and at least one hydrogen atom of the cyclic group
may be substituted by a fluorine atom, a chlorine
atom, a bromine atom, a CN group, or a NO, group or
by an alkyl group having 1 to 7 carbon atoms, an
alkoxy group, an alkyl carbonyl group, or an alkoxy
carbonyl group, in each of which at least one hydro-
gen atom may be substituted by a fluorine atom or a
chlorine atom; and

nrepresents 1, 2,3, 4, or 5).

14. The ferroelectric liquid crystal composition according
to claim 1, wherein the liquid crystal compound is at least one
compound selected from the group consisting of liquid crys-
tal compounds represented by the following general

(LC-I)
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-continued

7—Y—7Z \
/
R—Z—Cyclo —
g

(On oot
/ |_\\/Z—Y—Z _|_
/
R—Z—(C,{clo A — a5 \6 \ NJ"3
: LI—Y—7Z
\
Cyclo
4

(in the formula, R each independently represent a linear or a
branched alkyl group having 1 to 18 carbon atoms, a hydro-
gen atom, or a fluorine atom, at least one —CH,— group of
the alkyl group may be substituted by —O—, —S—,
—0—, (00— —0-CO0—- —CO—-5
—s—C0—, —0—S0,—, —S0,—0—, —0—CO—
O—, —CH—CH—, —C=C—, a cyclopropyl group, or
—Si(CH;),— so that oxygen atoms or sulfur atoms are not
directly bonded to each other, and at least one hydrogen atom
of the alkyl group may be substituted by a fluorine atom, a
chlorine atom, a bromine atom, or a CN atom;

7 each independently represent —O—, —S—, —CO—,
—0—0— —0—C0—,—0—C0—0—,—CO0—
NR*}—, —N(R*)—CO—, —OCH,—, —CH,0—,
—SCH,—, —CH,S—, —0—S80,—, —S0,—0—,

~CF,0, —OCF,—, -—CFES—, —SCF,,
~ CH,CH, , —CFCH,, —CH.CF,
_CFCF,, —Co—CH-, —CF—CH,
— CH—CF—, — CF—CF—, —=C,

—CH—CH—CO0—0—, —0—CO—CH—CH—, or
a single bond, and R* of —CO—N(R)— or —N(R*)—
CO— represents a hydrogen atom or a linear or a
branched alkyl group having 1 to 4 carbon atoms;

Y each independently represent a single bond or a linear
or a branched alkylene group having 1 to 10 carbon
atoms, at least one methylene group present in the
alkylene group each may be independently substi-
tuted by —O—, —CO—, —COO—, or—OCO—so
that oxygen atoms are not directly bonded to each
other, and at least one of hydrogen atom present in the
alkylene group each may be independently substi-
tuted by a halogen atom or an alkyl group having 1 to
9 carbon atoms;

X each independently represent a halogen atom, a cyano
group, a methyl group, a methoxy group, —CF, or

39

n represents an integer of 0 to 4;

although n,, n,, n;, and n, each independently represent 0
or 1, n,+n,+n,+n,=1 to 4 holds; and

Le-m

(X)n

4@/ ;
L—Y—7 )
\
Cyclo Z—R
4

(LC-TID)

Z—R

Cyclo each independently represent a cylcoalkane having
3 to 10 carbon atoms and may arbitrarily have a double
bond).

15. The ferroelectric liquid crystal composition according
to claim 1, wherein the ferroelectric liquid crystal composi-
tion contains as a compound having an asymmetric atom, an
optically active compound represented by the following gen-
eral

[Chem. 9]

Ch-I
RI00—¢ A 100— 7100, — D3 - €7101— 7101 — Rlot (Ch-D
# n mn

(in the formula, although R'®® and R'°* each independently
represent a hydrogen atom, a cyano group, NO,, a halogen,
OCN, SCN, SF, a chiral or an achiral alkyl group having 1 to
30 carbon atoms, or a chiral group having a polymerizable
group or a cyclic structure, one CH, group or at least two CH,
groups which are not adjacent to each other of the alkyl group
each may be independently substituted by —O—, —S—,
—NH—, —N(CH;)—, —CO—, —(C00—, —0CO—,
—0c0—0—, —S—C0—, —CO—S8—, —CH—CH—,
—CF,—, —CF=CH—, —CH=CF—, —CF=CF—, or
—C=C—, at least one hydrogen atom of the alkyl group
each may be independently substituted by a halogen or a
cyano group, and the alkyl group may have a linear, a
branched, or a cyclic structure;

7% and 7*°* each independently represent —O—, —S—,
—C0—, —CO00—, —0C0— —0—L00—,
—CO-NR%—, —NR9—CO—, —OCH,—,
_CH,0, - SCH,—, - CHS—, —CFO,
—O0CF,—, —CF,S—, —SCF,—, —CH,CH,—,
_CF,CH,,  —CHCF,,  —CECF, .
~ CH—CH, - CF—CH_-, —CH-—CF.
—CF—CCF—, —(C=(C— —CH—CH—CO0—,

—OCO—CH—CH—, or a single bond, and R* of
—CO—NR)— or —N(R“)—CO— represents a
hydrogen atom or a linear or a branched alkyl group
having 1 to 4 carbon atoms;
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although A'® and A'®* each independently represent

(a) a trans-1,4-cyclohexylene group (one —CH,— or at
least two —CH,— groups which are not adjacent to
each other present in this group each may be indepen-
dently substituted by —O— or —S),

(b) a 1,4-phenylene group (one —CH— or at least two
—CH— groups which are not adjacent to each other
present in this group may be substituted by a nitrogen
atom), or

(c)a functional group selected from the group consisting of
a 1,4-cyclohexenylene group, a 1,4-bicyclo[2,2,2]octy-
lene group, indane-2,5-diyl, a naphthalene-2,6-diyl
group, a decahydronaphthalene-2,6-diyl group, and a
1,2,3,4-tetrahydronaphthalene-2,6-diyl  group (one
—CH,— or at least two —CH,— groups which are not
adjacent to each other present in the functional group of
this group (¢) each may be independently substituted by
—O— or —S—, and one —CH— or at least two
—CH=— groups which are not adjacent to each other
present in the functional group of this group (¢) may be
substituted by a nitrogen atom), all those groups may be
unsubstituted or each may be substituted at least one
position by a halogen, a cyano group, or NO, or by an
alkyl having 1 to 7 carbon atoms, an alkoxy, an alkyl
carbonyl, or an alkoxy carbonyl group, in each of which
at least one hydrogen atom may be substituted by F or
Cl;

n'! represents O or 1, whenn' represents 0, m'2 represents
0, and m"' represents 0, 1, 2, 3, 4, or 5, when n'" repre-
sents 1, m'! and m*? each independently represent 0, 1,
2,3, 4, or 5, and when n'! represents 0, at least one of
R'% and R'°! represent a chiral alkyl group or a chiral
group having a polymerizable group or a cyclic struc-
ture; and

D is represented by formulas (D1) to (D8):

[Chem. 15]

(DL
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-continued
D3)
H_, CO0—
D4)
H>TCOO—
CH;
D5)
H
0
Do)
H H
O
D7
DY)

(in the formulas, at least one arbitrary hydrogen atom of the
benzene ring may be substituted by a halogen atom (F, Cl, B,
orI), an alkyl group having 1 to 20 carbon atoms, or an alkoxy
group, a hydrogen atom of the alkyl group or the alkoxy group
may be arbitrarily substituted by a fluorine atom, and a meth-
ylene group of the alkyl group or the alkoxy group may be
substituted by —O—, —S—, —COO—, OCO—, CF,—,
—CF—=CH—, —CH—CF—, —CF—=CF—, or —(C=C—
so that oxygen atoms or sulfur atoms are not directly bonded
to each other)).

16. A ferroelectric liquid crystal display element compris-
ing: a pair of pixel electrodes and a common electrode on at
least one ofa pair of substrates on which two polarizing plates
are disposed so that polarizing surfaces thereof are orthogo-
nal to each other; and the ferroelectric liquid crystal compo-
sition according to claim 1 provided between the pair of
substrates, wherein the layer normal direction of the chiral
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smectic C phase of the ferroelectric liquid crystal composi-
tion is 80° to 90° with respect to the substrate surface.

17. The ferroelectric liquid crystal display element accord-
ing to claim 16, wherein the pair of pixel electrodes and the
common electrode are provided on each of the pair of sub-
strates.

18. The ferroelectric liquid crystal display element accord-
ing to claim 16, which has a display restoring ability against
a pressure of 1 kg or less per 0.2 mm?>.

19. The ferroelectric liquid crystal display element accord-
ing to claim 16, further comprising an alignment film which is
one of a polyimide, a polyamide, a poly(amic acid), and an
photoalignment layer.

20. The ferroelectric liquid crystal display element accord-
ing to claim 16, which uses an LED as a light source.

21. The ferroelectric liquid crystal display element accord-
ing to claim 16, which uses a retardation film.

22. The ferroelectric liquid crystal display element accord-
ing to claim 16, which has a touch panel.

23. An optical element using the ferroelectric liquid crystal
composition according to claim 1.

24. An optical path switching element using the ferroelec-
tric liquid crystal composition according to claim 1.

25. A wavelength conversion element using the ferroelec-
tric liquid crystal composition according to claim 1.

26. An energy conversion element using the ferroelectric
liquid crystal composition according to claim 1.

27. An electronic material using the ferroelectric liquid
crystal composition according to claim 1.
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