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(57) ABSTRACT

An object of the present invention is to obtain a polymer-
stabilized liquid crystal composition which can suppress
dependency of a driving voltage on a temperature by decreas-
ing the driving voltage. To a low-molecular liquid crystal
compound, a chiral compound, and a specific acrylate and a
polymerizable liquid crystal compound as polymerizable
acrylate compounds are added, to prepare a polymer-stabi-
lized liquid crystal composition. By subjecting the polymer-
stabilized liquid crystal composition to ultraviolet exposure
while maintaining a desired alignment state to form a poly-
mer chain in a liquid crystal phase, a polymer-stabilized lig-
uid crystal display device containing a low-molecular liquid
crystal in a stabilized alignment state is obtained.
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FIG. 3
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FIG. 5
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POLYMER-STABILIZED LIQUID CRYSTAL
COMPOSITION, LIQUID CRYSTAL DISPLAY
DEVICE, METHOD FOR PRODUCING
LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a composition
which is useful for a polymer-stabilized liquid crystal display
device that can be operated by an active device, and a poly-
mer-stabilized liquid crystal display device using the relevant
composition and a method for producing the same.

BACKGROUND ART

[0002] As a technique of stabilizing liquid crystal align-
ment using a polymer, a technique is disclosed in which a
photocurable monomer is added to a twisted nematic liquid
crystal, followed by light irradiation in an attempt in polymer-
stabilization of alignment (refer to Non-Patent Document 1).
The nematic liquid crystal described in the relevant cited
document retains an original twisted structure before polymer
stabilization is performed even after photocuring, and tries
not to eliminate liquid crystallinity and alignment properties
of a liquid crystal material for display by using a liquid
crystalline monomer containing a liquid crystal skeleton as a
photocurable monomer.

[0003] The relevant cited document discloses an example
of a polymer-stabilized liquid crystal device produced by
adding a photocurable monomer into a twisted nematic liquid
crystal host in a concentration of several %, followed by light
irradiation in a state where no voltage is applied. Further-
more, Examples disclose voltage-dielectric constant charac-
teristics when the concentration of the liquid crystalline
monomer is varied (2%, 3%, 4%, 5%). As is apparent from the
results, a saturated dielectric constant decreases when the
addition amount of the liquid crystalline monomer increases
so as to have a higher voltage applied for saturation, and thus
a driving voltage increases, resulting in an increased driving
voltage of the device. This is a point of issue in practical use
of a polymer-stabilized liquid crystal device.

[0004] When a smectic liquid crystal is used for the liquid
crystal device, it exhibits behavior which is basically different
from that of a nematic phase. When the smectic phase is
applied for the liquid crystal display device, we utilize a
phenomenon that a major axis of liquid crystal molecules
(direction of molecules) inclines from a direction where a
layer structure of a smectic phase is formed. An angle at
which liquid crystal molecules incline from a layer normal
line direction is called as a tilt angle, which is a characteristic
physical property when the smectic liquid crystal is used for
the liquid crystal device, and acquisition of the tilt angle
suited for the liquid crystal device is desirable. However, the
cited document does not disclose an influence on this tilt
angle.

[0005] As an example of applying a polymer-stabilized
twisted nematic liquid crystal for a TFT liquid crystal display
device, a technique is disclosed in which a small amount of a
photocurable liquid crystalline monomer is added and poly-
merized in a TFT liquid crystal display device, thereby sta-
bilizing alignment by an action of the formed polymer (refer
to Patent Document 1). However, in the relevant cited docu-
ment, a response speed of a liquid crystal upon falling is
revised, but aforementioned problem of the driving voltage is
not solved. Also, the cited document does not disclose an
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influence that addition of the photocurable liquid crystal
monomer exerts on aforementioned tilt angle.

[0006] In a polymer-stabilized liquid crystal display
device, a technique of applying for an OCB (optically com-
pensated birefringence) mode is proposed, except for a
twisted nematic liquid crystal display mode (refer to Non-
Patent Document 2). The relevant cited document discloses a
technique of dispersing liquid crystal molecules in a photo-
reactive monomer, applying an external electric field to
obtain a desired bend alignment structure, and immobilizing
the bend alignment by light irradiation. In the OCB mode,
liquid crystal molecules take spray alignment in an initial
state by applying a high voltage when a display device is
booted. Since it requires an alignment transition operation for
converting it into bend alignment, the bend alignment is pre-
liminarily immobilized with a polymer so as to enable display
boot without requiring an alignment transition operation to
this bend alignment, as well as display by the OCB mode, and
thus overcoming drawbacks of the OCB mode.

[0007] There is also a technique disclosed in which liquid
crystal molecules are immobilized in a polymer liquid crystal
matrix on a sheet of substrate, thereby immobilizing hybrid
alignment, and two sheets of substrate are laminated so as to
contact the homogeneous alignment portion on the substrate
to make bent alignment of an OCB mode, which is used for a
liquid crystal display device (refer to Patent Document 2).
This case is characterized by forming bent alignment without
applying a voltage.

[0008] However, aforementioned problem of the driving
voltage is not solved in these inventions disclosed in the cited
documents, and also the cited documents do not disclose an
influence of the addition of the photocurable liquid crystal
monomer on aforementioned tilt angle.

[0009] With respect to a polymer-stabilized ferroelectric
liquid crystal (polymer-stabilized FLC), there is a proposed
technique for making an attempt of polymer stabilization, in
which a FLC material is used together with a monomer, and
ultraviolet rays are irradiated while liquid crystal molecules
are aligned in one direction by applying an eclectic field (refer
to Non-Patent Documents 3 and 4).

[0010] There is also a polymer-stabilized ferroelectric lig-
uid crystal display device disclosed, which is obtained by
injecting a liquid crystal composition containing a ferroelec-
tric liquid crystal and a monofunctional liquid crystalline
(meth)acrylate monomer into a liquid crystal cell, and irradi-
ating it with ultraviolet rays at a temperature at which the
composition exhibits a predetermined liquid crystal phase,
thereby polymerizing the monofunctional liquid crystalline
(meth)acrylate monomer (refers to Patent Documents 3, 4,
and 5). Although polymer stabilization for the alignment of
liquid crystal molecules imparts a novel function, and afore-
mentioned OCB mode and a device using a monofunctional
liquid crystalline (meth)acrylate as a ferroelectric liquid crys-
tal have such features as obtaining satisfactory bent alignment
and enabling satisfactory grayscale display, there was a prob-
lem that the polymer obtained by polymerization of the
monofunctional liquid crystalline (meth)acrylate monomer
had unfavorable heat resistance, resulting in unsatisfactory
reliability at a high temperature. Furthermore, there was a
problem that the driving voltage was high in a device using a
monofunctional liquid crystalline (meth)acrylate as a ferro-
electric liquid crystal. There was also a problem of high
driving voltage in a document disclosed, in which it becomes
possible to achieve grayscale display in proportion to an
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applied voltage when polymer stabilization is conducted by
ultraviolet exposure in a smectic A phase and phase transition
is conducted by annealing to the smectic C phase (refer to
Patent Document 3). As described above, aforementioned
problem of the driving voltage is not solved in these inven-
tions disclosed in the cited documents, and also the cited
documents do not disclose an influence that the addition of the
photocurable liquid crystal monomer exerts on aforemen-
tioned tilt angle.

[0011] There is a polymer-stabilized ferroelectric liquid
crystal display device disclosed, using a polyfunctional liquid
crystalline monomer which gives a polymer having superior
heat resistance to a monofunctional liquid crystalline (meth)
acrylate monomer (refer to Patent Document 6). However,
many of the polyfunctional liquid crystalline monomers
require a high temperature (80° C. or higher) at which liquid
crystallinity is exhibited, and it becomes necessary to raise
temperature in a stage before ultraviolet rays are irradiated for
production of a polymer-stabilized liquid crystal device. As a
result, there occurred a problem that undesirable thermopo-
lymerization is induced, resulting in deterioration of unifor-
mity of liquid crystal alignment.

[0012] Since the content of a liquid crystal is from 60 to
95% by weight and the remainder is a network-shaped poly-
mer, light scattering commonly observed in polymer-dis-
persed liquid crystals arises. This scattering causes a decrease
in contrast of a display device using polarized light. There-
fore, the liquid crystal display device had a drawback that
other means is required to improve the contrast. Furthermore,
regarding a polyfunctional liquid crystalline (meth)acrylate,
reliability of polymer stabilization increases as a result of
suppression of thermal fluctuation of a mesogen group when
compared with a monofunctional liquid crystalline (meth)
acrylate. However, there was a problem that an interaction
with a low-molecular liquid crystal increases and thus a driv-
ing voltage increases.

[0013] [Patent Document 1]

[0014] Japanese Unexamined Patent Application, First
Publication No. 2005-10202

[0015] [Patent Document 2]

[0016] Japanese Unexamined Patent Application, First
Publication No. 2003-248226

[0017] [Patent Document 3]

[0018] Japanese Unexamined Patent Application, First
Publication No. Hei 9-211462

[0019] [Patent Document 4]

[0020] Japanese Unexamined Patent Application, First
Publication No. Hei 9-211463

[0021] [Patent Document 5]

[0022] Japanese Unexamined Patent Application, First
Publication No. Hei 11-21554

[0023] [Patent Document 6]

[0024] Japanese Unexamined Patent Application, First
Publication No. Hei 6-194635

[0025] [Non-Patent Document 1]

[0026] Japan Society for Promotion of Science, Organic
Material for Information Science, 142nd Committee, Sec-
tional Meeting A (Liquid Crystal Material), Documents of
91st Society (pp. 28-30)

[0027] [Non-Patent Document 2]

[0028] The Institute of Electronics, Information and Com-
munication Engineers Technical Research Report, Vol. 95,
(EID95-17), pp. 43-48, 1995
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[0029] [Non-Patent Document 3]
[0030] H. Fume, Jpn. J. Appl. Phys. 36, L1517 (1997)
[0031] [Non-Patent Document 4]
[0032] H. Fume, Jpn. J. Appl. Phys., 37, 3417 (1998)
DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention
[0033] An object of the present invention is to provide a

polymer-stabilized liquid crystal composition, which
decreases a driving voltage to a level capable of conducting a
TFT (thin film transistor) operation, suppresses a temperature
change of the driving voltage to give stable display by a TFT
operation, and gives a tilt angle suited for display in a poly-
mer-stabilized liquid crystal display device using a smectic
liquid crystal which enables grayscale display, and to provide
a polymer-stabilized liquid crystal display device produced
using the same.

Means to Solve the Problems

[0034] In order to strongly exert the polymer stabilization
effect on liquid crystal molecules in a composition for a
polymer-stabilized liquid crystal display device using a smec-
tic liquid crystal, a liquid crystalline polymer precursor such
as a liquid crystalline acrylate having a mesogen structure as
a polymer precursor may be used. This is because the liquid
crystalline acrylate has a mesogen structure and therefore can
have a strong anchoring force with the mesogen structure of
the surrounding low-molecular liquid crystal, and thus ther-
mal and dynamic stability in a polymer-stabilized state is
improved. However, there was a problem that, since the
anchoring force increases, a driving voltage increases and
thus it becomes difficult to operate by amorphous silicon-TFT
orpolysilicon TFT. Also, there was a drawback that, since the
anchoring force increases, it becomes difficult to incline lig-
uid crystal molecules in a smectic layer and a tilt angle
decreases.

[0035] In order to improve stability in the polymer-stabi-
lized state, a crosslinked polymer may be exploited using a
difunctional liquid crystalline acrylate. Since a mesogen
group is disposed on a polymer main chain and both ends of
the mesogen group are immobilized by crosslinking by use of
a difunctional liquid crystalline acrylate, a less influence of
thermal fluctuation is exerted and reliability of alignment
stabilization of a low-molecular liquid crystal is improved. In
contrast, since thermal fluctuation decreases, an interaction
with the low-molecular liquid crystal increases. As a result, an
anchoring force at an interface between the low-molecular
liquid crystal and the polymer surface produced when align-
ment of the low-molecular liquid crystal is immobilized
increases further, resulting in a problem such as more
increased driving voltage. Furthermore, it becomes more dif-
ficult to incline liquid crystal molecules in a smectic layer,
resulting in a small tilt angle.

[0036] In order to improve reliability of polymer stabiliza-
tion, there is a method of increasing a glass transition tem-
perature by increasing crosslinking density of a polymer
chain. However, an anchoring force of the low-molecular
liquid crystal and the polymer simultaneously increases to
cause an increase in a driving voltage and a decrease in a tilt
angle. When a volume ratio of a network-shaped polymer
chain increases, thermal and dynamic stability of the polymer
chain is improved. However, a refractive index of the polymer
chain exerts a strong influence on refractive index distribution
of the low-molecular liquid crystal in a display device and a
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difference in a refractive index with the low-molecular liquid
crystal causes light scattering, resulting in a decrease in con-
trast of the display.

[0037] As described above, when the liquid crystalline
polymer precursor is used, the polymer-stabilized state is
stabilized, but the anchoring force simultaneously increases
to cause unpreferable increase in a driving voltage and a
decrease in a tilt angle. The present inventors have intensively
studied about compositions of various polymerizable liquid
crystal compounds and liquid crystal compounds and found
that an increase in a driving voltage and a decrease in a tilt
angle were prevented and also temperature dependency of a
driving voltage was suppressed by using both of a liquid
crystalline polymer precursor and a non-liquid crystalline
polymer precursor in combination. Thus, the present inven-
tion has been completed.

[0038] The present invention provides a polymer-stabilized
liquid crystal composition comprising:

[0039] a polymerizable compound (I) represented by gen-
eral formula (I-a);

[0040] a compound (II) represented by general formula
(II-a) or (1I-b);
[0041] at least one polymerizable compound (III) selected

from the group consisting of compounds represented by gen-
eral formulas (I1I-a), (I1I-b), and (III-¢); and

[0042] a chiral compound (IV) represented by general for-
mula (IV-a) or (IV-b), wherein

[0043] the polymerizable compound (I) forms a polymer
that has a glass transition temperature of -100° C. to 25° C.,
[0044] the general formula (I-a):

[Chemical Formula 1]

Al A3 B? AS
I I I I
H,C=C—CO0—A>—C C Cc—B!
MA\B/ b
k

[0045] (in the formula (I-a), A’ represents a hydrogen atom
or a methyl group, A? represents a single bond or an alkylene
group of 1 to 15 carbon atoms (one, or two or more methylene
group(s) existing in the alkylene group each independently
may be substituted with an oxygen atom, —CO—,
—COO—, or —OCO— in a manner that any oxygen atoms
are not directly bonded to each other, and one, or two or more
hydrogen atom(s) existing in the alkylene group each inde-
pendently may be substituted with a fluorine atom, a methyl
group, or an ethyl group),

[0046] A® and A° each independently represents a hydro-
gen atom or an alkyl group of 1 to 18 carbon atoms (one, or
two or more methylene group(s) existing in the alkyl group
each independently may be substituted with an oxygen atom,
—CO—, —COO—, or —OCO— in a manner that any oxy-
gen atoms are not directly bonded to each other, one, or two or
more hydrogen atom(s) existing in the alkyl group each inde-
pendently may be substituted with a halogen atom or an alkyl
group of 1 to 17 carbon atoms),

[0047] A* and A” each independently represents a hydro-
gen atom or an alkyl group of 1 to 10 carbon atoms (one, or
two or more methylene group(s) existing in the alkyl group
each independently may be substituted with an oxygen atom,
—CO—, —COO—, or —OCO— in a manner that any oxy-

(I-2)
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gen atoms are not directly bonded to each other, and one, or
two or more hydrogen atom(s) existing in the alkyl group
each independently may be substituted with a halogen atom
or an alkyl group of 1 to 9 carbon atoms),

[0048] Kk represents 1 to 40, and

[0049] B', B> and B® each independently represents a
hydrogen atom, or a linear or branched alkyl group of 1 to 10
carbon atoms (one, or two or more methylene group(s) exist-
ing in the alkyl group each independently may be substituted
with an oxygen atom, —CO—, —COO—, or —OCO—1ina
manner that any oxygen atoms are not directly bonded to each
other), or a group represented by general formula (I-b):

[Chemical Formula 2]

-b)
A9

— A%-0CO—C==CH,

[0050] (inthe formula (I-b), A® represents a hydrogen atom
or a methyl group, and

[0051] AS® represents a single bond or an alkylene group of
1to 15 carbon atoms (one, or two or more methylene group(s)
existing in the alkylene group each independently may be
substituted with an oxygen atom, —CO—, —COO—, or
—OCO— in amanner that any oxygen atoms are not directly
bonded to each other, and one, or two or more hydrogen
atom(s) existing in the alkylene group each independently
may be substituted with a fluorine atom, a methyl group, or an
ethyl group)), provided that the number of groups represented
by the general formula (I-b) among B*, B® and B?, a total
number of which is 2k+1, is from 0 to 3);

[0052] the general formula (II-a) or (II-b):

[Chemical Formula 3]
(II-a)
Rl_fCI—ZIjTCZ—ZZ—CJ—XI
(II-b)
1 71 272 (M3_R2
Rl—¢C!—2Z ﬁnTC 2F—CP—R

[0053] (in the formulas (II-a) and (II-b), R' and R* each
independently represents an alkyl group of 1 to 18 carbon
atoms or an alkenyl group of 2 to 18 carbon atoms (one, or two
or more methylene group(s) existing in the alkyl group or an
alkenyl group each independently may be substituted with an
oxygen atom in a manner that any oxygen atoms are not
directly bonded to each other),

[0054] C* represents a 1,4-phenylene group, a 1,4-cyclo-
hexylene group, or a 1,3-dioxane-2,5-diyl group (the 1,4-
phenylene group among these groups is unsubstituted, or can
contain one, or two or more fluorine atom(s), chlorine atom
(s), methyl group(s), triftuoromethyl group(s) or trifluo-
romethoxy group(s) as substituent(s)),

[0055] C?and C? each independently represents a 1,4-phe-
nylene group, a 1,4-cyclohexylene 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-tet-
rahydronaphthalene-2,6-diyl group, a 2,6-naphthylene
group, a 1,3,4-thiadiazole-2,5-diyl, or an indan-2,5-diyl
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group (the 1,4-phenylene group, the 1,2,3,4-tetrahydronaph-
thalene-2,6-diyl group, the 2,6-naphthylene group, and the
indan-2,5-diyl group among these groups are unsubstituted,
or can contain one, or two or more fluorine atom(s), chlorine
atom(s), methyl group(s), trifluoromethyl group(s), or trifluo-
romethoxy group(s) as substituent(s)),

[0056] Z' and Z* each independently represents a single
bond, —CH,CH,—, —CH,0—, —OCH,—,
—CH,CH,0—, —OCH,CH,—, —CH,CH,CH,0—,

— OCH,CH,CH,—,— CH—CH—, —C=C—, —CF,0—,
—OCF,—, —COO—, or —OCO—,

[Chemical Formula 5]
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each independently may be substituted with a fluorine atom,
a methyl group, or an ethyl group),

[0063] Z* represents a single bond, —CH,CH,—,
~ CH,0—, —OCH,—, —CH,CH,0—, —OCH,CH,—.
— CH,CH,CH,O—, — OCH,CH,CH,—,
— CH,CH,0CO—, — COOCH,CH,—.
— CH,CH,COO—, —OCOCH,CH,—, —CH—CH—,
(=, -CF0-, —OCF,, —COO—, or
—OCO—, and

[0064] n?represents 0, 1, or 2, provided that plural C* and

Z* may be the same or different when n® represents 2);
[0065] the general formula (III-b):

(IT-b)

RS R¢
—_— | 6 8 9 6 7 7 8 l —_—
CH==C—C00—Z25 4 —C¥—2"—¢C*—2Z"y——C 28—0CO—C=CH, / _
n n n

[0057] X' represents a fluorine atom, a chlorine atom, a
trifluvoromethyl group, a trifluoromethoxy group, a difluo-
romethyl group, or an isocyanate group or cyano group, and
[0058] n' represents 0, 1, or 2, provided that plural C' and
7' may be the same or different when n* represents 2);
[0059] the general formula (I1I-a):

[Chemical Formula 4]
(1I-a)
R? R*

H,C=C—C00-Z3—¢C*Z*3—5—C>-Z5-0CO—C=CH,
n

[0060] (in the formula (IIl-a), R® and R* each indepen-
dently represents a hydrogen atom or a methyl group,
[0061] C*and C° each independently represents a 1,4-phe-
nylene group, a 1,4-cyclohexylene 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-tet-
rahydronaphthalene-2,6-diyl group, a 2,6-naphthylene
group, or an indan-2,5-diyl group (the 1,4-phenylene group,
the 1,2,3,4-tetrahydronaphthalene-2,6-diyl group, the 2,6-
naphthylene group, and the indan-2,5-diyl group among these
groups are unsubstituted, or can contain one, or two or more
fluorine atom(s), chlorine atom(s), methyl group(s), trifluo-
romethyl group(s), or triffluoromethoxy group(s) as substitu-
ent(s))a

[0062] Z3 and Z° each independently represents a single
bond or an alkylene group of 1 to 15 carbon atoms (one, or two
or more methylene group(s) existing in the alkylene group
each independently may be substituted with an oxygen atom,
—CO—, —COO—, or —OCO— in a manner that any oxy-
gen atoms are not directly bonded to each other, and one, or
two or more hydrogen atom(s) existing in the alkylene group

[0066] (in the formula (III-b), R® and R® each indepen-
dently represents a hydrogen atom or a methyl group,
[0067] C° represents 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 indan-2,5-diyl group (the 1,4-phenylene group, the 1,23,
4-tetrahydronaphthalene-2,6-diyl group, the 2,6-naphthylene
group, and the indan-2,5-diyl group among these groups are
unsubstituted, or can contain one, or two or more fluorine
atom(s), chlorine atom(s), methyl group(s), trifluoromethyl
group(s) or trifluoromethoxy group(s) as substituent(s)),

[0068] C7and C®each independently represents a benzene-
1,2,4-triyl group, a benzene-1,3,4-triyl group, a benzene-1,3,
S-triyl group, a cyclohexane-1,2,4-triyl group, a cyclohex-
ane-1,3,4-triyl group, or a cyclohexane-1,3,5-triyl group,
[0069] Z° and Z® each independently represents a single
bond oran alkylene group of' 1 to 15 carbon atoms (one, or two
or more methylene group(s) existing in the alkylene group
each independently may be substituted with an oxygen atom,
—CO—, —COO—, or —OCO— in a manner that any oxy-
gen atoms are not directly bonded to each other, and one, or
two or more hydrogen atom(s) existing in the alkylene group
each independently may be substituted with a fluorine atom,
a methyl group, or an ethyl group),

[0070] Z7 and Z° each independently represents a single
bond, —CH,CH,—, —CH,0—, —OCH,—,
—CH,CH,0—, —OCH,CH,—, —CH,CH,CH,0—,
—OCH,CH,CH,—, —CH,CH,0CO—,
—COOCH,CH,—, —CH,CH,COO0—,
—OCOCH,CH,—, —CH—CH—, —C=C—, —CF,0—,
—OCF,—, —COO—, or —OCO—,

[0071] and n® represents 0, 1, or 2, provided that plural C°
and Z” may be the same or different when n° represents 2, and

[0072] n° and n® each independently represents 1, 2, or 3);
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[0073] the general formula (I1I-c):

[Chemical Formula 6]

R’
|
HZC:C_COO@Yl@YZ@Y3 _RS
't

[0074] (in the formula (I1I-c), R” represents a hydrogen
atom or a methyl group,

[0075] 6-membered rings T*, T and T° each independently
represents any one of:

[Chemical Formula 7]

[0076] (in which m represents an integer of 1 to 4),
[0077] n* represents an integer of 0 or 1,
[0078] Y' and Y* each independently represents a single

bond, —CH,CH,—, —CH,0—, —OCH,—, —COO0—,
—0CO0—, —(C=C—, —CH=—CH—, —CF—CF—,
—(CH,),—, —CH,CH,CH,0—, —OCH,CH,CH,—,

—CH,—CHCH,CH,—, or —CH,CH,CH—CH—,
[0079] Y? represents a single bond, —COO—, or
—OCO—, and

[0080] R®represents a hydrocarbon group of 1 to 18 carbon
atoms; and
[0081] the general formula (IV-a) or (IV-b):

[Chemical Formula 8]

(IV-3)
R9_6C8_297_n S C9_Y4_ X4

(IV-b)
XS_YS_fCS_Zgﬁ_SCQ_Y“_X“
n

[0082] (in the formula (IV-a) and (IV-b), R® represents an
alkyl group of 1 to 18 carbon atoms or an alkenyl group of 2
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to 18 carbon atoms (one, or two or more methylene group(s)
existing in the alkyl group or an alkenyl group each indepen-
dently may be substituted with an oxygen atom in a manner
that any oxygen atoms are not directly bonded to each other),

[0083] C®and C® each independently represents a 1,4-phe-
nylene group, a 1,4-cyclohexylene group, or a pyrimidine-2,
5-diyl group (the 1,4-phenylene group or the 1,4-cyclohexy-
lene group among these groups is unsubstituted, or can
contain one, or two or more fluorine atom(s), chlorine atom
(s), methyl group(s), cyano group(s), trifluoromethyl group
(s) or trifluoromethoxy group(s) as substituent(s)),

[0084] Z° represents a single bond, —CH,CH,—,
—C=C—, —CF,0—, —COO—, or —OCO—,

[0085] Y* and Y* each independently represents a single
bond, an oxygen atom, an alkylene group of 1 to 14 carbon
atoms, —OCH,—, —COO—, —OCO—, —OCH,CH,—,
or —OCOCH,—,

[0086] n’ represents O, 1, or 2, provided that plural C* and
7° may be the same or different when n> represents 2, and
[0087] X* and X® each independently represents a group
represented by any of general formulas (IV-c) to (IV-h):

[Chemical Formula 9]

(IVe)

XC

(lj* — R{.‘

H
av-d)

x4 H

é* — Zd C*— Rd

H Y4
(IV-e)

Ze
/\

C K C 3 RZ

* 1

- Iv-fH

RS
v
O
*
av-g
Z. RE
X

(IV-h)

Xh
O *
Aé Ny

(6]
[0088] (in the formulas (IV-c) to (IV-h), the symbol * rep-
resents that a carbon atom is an asymmetric carbon,
[0089] R°,RY R® R/, and R€ each independently represents
an alkyl group of 2 to 20 carbon atoms (one, or two or more
methylene group(s) existing in the alkyl group each indepen-
dently may be substituted with an oxygen atom, —CO—,

—COO—, or —OCO— in a manner that any oxygen atoms
are not directly bonded to each other),
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[0090] X°, X7 and Y?each independently represents a fluo-
rine atom, a chlorine atom, a methyl group, or a cyano group,
[0091] X°andY*eachindependently represents a hydrogen
atom, a fluorine atom, a chlorine atom, a methyl group, or a
cyano group,

[0092] X" and Y” each independently represents a fluorine
atom, a chlorine atom, a methyl group, or a cyano group,
[0093] Z?represents a single bond or methylene group,
[0094] 7 represents an oxygen atom or a group represented
by —OCR*")(R**)O— (in which R! and R** each indepen-
dently represents a hydrogen atom or an alkyl group of 1 to 10
carbon atoms),

[0095] Z' represents a carbonyl group or a group repre-
sented by —CH(R’*)— (in which R” represents a hydrogen
atom or an alkyl group of 1 to 10 carbon atoms), and

[0096] Z# represents —OCO—, —COO—, —CH,0—, or
—OCH,—)).

EFFECTS OF THE INVENTION
[0097] The polymer-stabilized ferroelectric liquid crystal

display device including the polymer-stabilized liquid crystal
composition of the present invention as a structural member
has characteristics such that it exhibits a low driving voltage,
suppresses temperature dependency of a driving voltage to
give a stable display by a TFT operation within a temperature
range of a low temperature (~10° C.) to a high temperature
(60° C.), enables a grayscale display which cannot be
achieved by a display device of a single ferroelectric liquid
crystal, and is excellent in thermal and dynamic stability. It is
also useful as a structural member for a plastic liquid crystal
cell or the like since it enables a TFT operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0098] FIG. 1 is a graph illustrating the results shown in
Table 1.
[0099] FIG. 2 is a graph illustrating the results shown in
Table 2.
[0100] FIG. 3 is a graph illustrating the results shown in
Table 3.
[0101] FIG. 4 is a graph illustrating the results shown in
Table 4.
[0102] FIG. 5 is a graph illustrating the results shown in

Table 5.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0103] One example of the present invention will be
explained below. The composition for a polymer-stabilized
liquid crystal display device of the present invention is used
so as to obtain a polymer-stabilized liquid crystal display
device comprising a transparent polymer material and a liquid
crystal composition by polymerizing a radical polymerizable
compound contained therein by heat, or active energy rays
such as ultraviolet rays, thereby causing phase separation
with the liquid crystal composition, or a state of being dis-
persed in the liquid crystal composition. This device is a
liquid crystal device comprising an alignment control film
and a liquid crystal layer between substrates having a pair of
electrode layers, wherein the liquid crystal layer contains a
photocured medium of a photocurable composition contain-
ing at least a liquid crystalline polymer precursor and a non-
liquid crystalline polymer precursor, as well as a ferroelectric
liquid crystal material; a polymer stabilization procedure is
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taken in a way that an alignment direction of a mesogen group
of a liquid crystalline polymer precursor in a state where a
voltage is not applied between a pair of electrode layers, or a
major axis direction of a polymer main chain of a non-liquid
crystal polymer precursor, and an alignment direction of a
ferroelectric liquid crystal material are uniformed to an align-
ment direction of the alignment control film, resulting in a
uniaxial alignment; a photocured medium of a photocurable
composition containing a liquid crystalline polymer precur-
sor and a non-liquid crystalline polymer precursor is dis-
persed in the liquid crystal layer so as to realize an uniaxial
alignment state where a major axis direction of a mesogen
group of a liquid crystalline polymer precursor or a major axis
direction of a non-liquid crystalline polymer precursor main
chain is the same as the alignment direction in the alignment
control film, and a long axis in a liquid crystal molecule of the
ferroelectric liquid crystal material is aligned to exhibit the
uniaxial alignment in a state where a voltage is not applied,
thanks to an alignment stabilization effect of the ferroelectric
liquid crystal material due to a polymer chain having a
mesogen group; and such a property that an angle between an
alignment direction in a liquid crystal molecule of the ferro-
electric liquid crystal material and that of a mesogen group of
the liquid crystalline polymer precursor changes continu-
ously is provided by a voltage change, since when a voltage is
applied, the alignment direction of long axis in the ferroelec-
tric liquid crystal material is shifted from that of the mesogen
group of the liquid crystalline polymer precursor due to driv-
ing force generated by spontaneous polarization of the ferro-
electric liquid crystal. For example, it is possible to control
the amount of transmitted light continuously by disposing the
device between two crossed polarizing plates and changing a
voltage to be applied, and thus enables a grayscale display
such as v-shaped transmittance-voltage properties where the
transmittance changes in proportion to an applied voltage
without using a special means such as area coverage modu-
lation performed for a ferroelectric liquid crystal monomer
device. Aforementioned uniaxial alignment is obtained by
polymerizing mesogen groups or polymer main chains on
exposure to ultraviolet rays in a state where major axes
thereof are uniformly aligned by a method using a polymer
alignment film including polyimide subjected to a rubbing
alignment treatment to obtain uniaxial alignment, a method
using a photo-alignment film, a method using external fields
such as electric field and magnetic field, or a method using an
alignment film in combination with the external field.

[0104] Regarding the polymer-stabilized liquid crystal dis-
play device thus formed, the driving voltage and light scat-
tering increase in proportion to the content of the polymer
precursor added to the composition. When the content of the
precursor is a trace amount, increment of the driving voltage
decreases, but the obtained liquid crystal display device is
inferior in thermal or mechanical stability. It is necessary to
increase the content of the precursor so as to enhance reliabil-
ity. At this time, there arise problems such as an increase in the
driving voltage, deterioration of liquid crystal alignment
properties, and exhibition of scattering properties. Regarding
the increase in the driving voltage, as the description about the
driving voltage of a polymer-dispersed liquid crystal display
device, a relational equation shown below is disclosed in
Japanese Unexamined Patent Application, First Publication
No. Hei 6-222320. The idea for a driving voltage of a poly-
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mer-stabilized liquid crystal device is in the same way as a
polymer-dispersed liquid crystal display device, as shown
below:

[Equation 1]

1
Vil d (zKii]'f
C ) +IKiijA\ Ae

[0105] (Vth denotes a threshold voltage, 'Kii and >Kii
denote an elastic constant, 1 denotes 1, 2, or 3, AE denotes a
dielectric constant anisotropy, <r> denotes an average cavity
interval between transparent polymer material interfaces, A
denotes anchoring energy of a transparent polymer material
to a liquid crystal composition, and d denotes a distance
between substrates having transparent electrodes.)

[0106] According to this relational equation, the driving
voltage of a polymer-stabilized liquid crystal display device
is determined by an average gap spacing of a transparent
polymer material interface, a distance between substrates,
elastic constant and dielectric constant anisotropy of a liquid
crystal composition, and anchoring energy between a liquid
crystal composition and a transparent polymer material. In a
general liquid crystal display device, the driving voltage is
determined by a cell thickness, dielectric constant anisotropy
and elastic constant, but there is a factor that is peculiar to the
polymer-stabilized liquid crystal display device, as with the
polymer-dispersed liquid crystal. It is anchoring energy at an
interface between the liquid crystal composition and the
transparent polymer material. Accordingly, even in the poly-
mer-stabilized liquid crystal display device, when an inter-
face area between a polymer and a liquid crystal increases,
anchoring energy of the system increased and the driving
voltage increases. In other words, when the content of the
liquid crystalline polymer precursor in the composition of the
present invention increases, the driving voltage increases.
This means that in order to maintain a low driving voltage by
reducing increase of the driving voltage, anchoring energy of
the polymer constituting the polymer-stabilized liquid crystal
should be kept low. For example, an effect of the polymeriz-
able polymer precursor lies in polymer stabilization of
uniaxial alignment of the low-molecular liquid crystal. In
contrast, the non-liquid crystalline polymer precursor plays a
role of reducing increase of the driving voltage by a polymer-
izable polymer, in using a non-liquid crystalline polymer
having a weak anchoring force against the low-molecular
liquid crystal. Thus the driving voltage is reduced maintain-
ing reliability of polymer stabilization, by adjusting the com-
position using the polymerizable liquid crystal polymer pre-
cursor and the non-liquid crystalline polymer precursor in
combination.

[0107] Inorder to reduce the energy of the non-liquid crys-
talline polymer precursor, a difunctional monomer contain-
ing an alkyl side chain is used. The number of carbon atoms
of the alkyl side chain is preferably from 5 to 15, and more
preferably from 8to 13. The anchoring energy increases when
the alkyl side chain is short, whereas, it increases when the
alkyl side chain is too long due to a strong influence of the side
chain. When the side chain is composed of a mesogen group
containing a benzene ring or others similar to the low-mo-
lecular liquid crystal, affinity with the low-molecular liquid
crystal increases and anchoring energy increases unfavor-
ably. Furthermore, a distance between alkyl side chains is also
important, which is preferably from 6 to 18 in terms of a
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distance of the number of carbon atoms. Although it depends
on a composition of the liquid crystal to be used, short dis-
tance between alkyl side chains causes vertical alignment of
the low-molecular liquid crystal at a polymer interface unfa-
vorably.

[0108] The anchoring energy is determined by a balance
between intermolecular interaction that a side chain exerts on
the low-molecular liquid crystal and intermolecular interac-
tion that a main chain exerts on the low-molecular liquid
crystal, and when both forces are equivalent, the anchoring
energy is minimized. Furthermore, a crosslinkage distance of
the polymer exerts an influence on thermal mobility of the
polymer main chain. When the crosslinkage distance is short
and thermal mobility is low, a strong molecule interaction is
exerted on the low-molecular liquid crystal and therefore the
anchoring energy increases. When the crosslinkage distance
becomes longer, thermal mobility of the polymer main chain
increases and fluctuation due to heat of the main chain
increases. When the force of the fluctuation becomes larger
than that of intermolecular interaction, the anchoring energy
becomes small since the fluctuation acts as cancelling the
intermolecular interaction. However, when the crosslinkage
distance becomes longer, a polymerization rate of a polymer
precursor decreases and compatibility with the liquid crystal
decreases unfavorably. As an indicator which indicates ther-
mal mobility of the polymer main chain, a polymer glass
transition temperature is generally used.

[0109] In the present invention, it is preferred to use a
polymer precursor for the purpose of decreasing anchoring,
whose glass transition temperature is room temperature or
lower. Furthermore, the glass transition temperature is more
preferably from 0 to —100° C. Another meaning of reducing
the glass transition temperature is improvement of mechani-
cal stability. When the glass transition temperature is room
temperature or higher, a polymer network structure capable of
stabilizing alignment of a liquid crystal with a polymer is
deformed or damaged by deformation or other external forces
of the device, resulting in decline in action of the polymer
alignment stabilization. When the glass transition tempera-
ture is low, even if the network structure is deformed, the
network structure is recovered to the original state due to
network resilience and the immobilized alignment is
retained. Namely, by adjusting the composition of the liquid
crystal used in the present invention and the main and side
chain length of the polymer precursor, and using a polymer
precursor whose glass transition temperature is room tem-
perature or lower, a polymer-stabilized liquid crystal device
having a low driving voltage and high reliability is obtained.
However, in the polymer-stabilized liquid crystal, it is also an
important object to stabilize initial alignment upon produc-
tion of the liquid crystal display device.

[0110] Light scattering is observed when the average gap
spacing falls within a wavelength range of visible rays, and
becomes maximum at a wavelength of about 500 nm to 1,500
nm. In the case of the polymer-stabilized liquid crystal, it is
important to form a network in the liquid crystal, with a mesh
size out of the above range. Examples of a method for forming
a mesh 500 nm or less include a method exploiting a phase
separation process by spinodal decomposition, a method for
producing the network at a higher UV polymerization rate (a
method using a UV polymerization process, or a method by
adjusting the composition of a polymer precursor), and a
method of allowing polymerization hardly bringing phase
separation in a state where compatibility with a low-molecu-
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lar liquid crystal is attained, and it is preferred to form a light
scattering-free fine network-shaped polymer effectively
using these methods. The case where the polymer precursor is
compatibilized with the low-molecular liquid crystal is more
preferred, since a network-shaped polymer can be formed in
a state of being dispersed in the low-molecular liquid crystal,
and a finer structure on a molecular level is obtained. How-
ever, when polymerization microphase separation is locally
generated by polymerizing the polymer precursor of the
present invention in a liquid crystal phase, formation of a
network-shaped polymer is observed along a liquid crystal
molecule director with electron microscope, although the
alignment order is not high. This is because the precursor
main chain tends to align in a liquid crystal molecule director
direction when a precursor main chain is contacted with the
liquid crystal, and thus alignment of the liquid crystal is
immobilized by polymerization of the precursor. However,
when the concentration of the precursor increases, a phase
separation structure is formed by spinodal decomposition or
binodal decomposition caused by polymerization
microphase separation ignoring alignment of the liquid crys-
tal, thus making it impossible to immobilize alignment of the
objective liquid crystal. The above method may disturb align-
ment of the low-molecular liquid crystal. In this case, in order
to obtain the desired stabilizing alignment, the device can be
produced by adjusting the external field so as to obtain the
objective polymer-stabilized liquid crystal device by making
use of an electric field, an alignment control force of an
alignment film, an external magnetic field or the like. Further-
more, a periodic structure having regularity may be formed
with a copolymer of a polymerizable liquid crystal polymer
precursor and a non-liquid crystalline polymer precursor,
applying a self-organization property of a mesogen group or
based on a hydrogen-bonding group. If it is necessary for
obtaining desired characteristics, a structure with a fine par-
ticle-shaped polymer dispersed in a low-molecular liquid
crystal may be taken.

[0111] As described above, by using the polymer-stabilized
liquid crystal composition composed of a liquid crystal poly-
mer precursor and a non-liquid crystal polymer precursor, itis
possible to obtain a liquid crystal display device which exhib-
its a low driving voltage, enables a grayscale display, gives
high reliability in terms of polymer stabilization, generates no
light scattering, and gives a large tilt angle and high contrast.

[0112] In order to immobilize a state in which liquid crys-
tals are aligned by an alignment film without alignment
defects, it is preferred to allow at least phase transition from a
nematic phase to smectic phase by annealing, and it is more
preferred that a liquid crystal cell to be used has a flat sub-
strate surface. It is also necessary to polymerize the polymer
precursor into a network or dispersed state in a liquid crystal
phase such as a nematic and smectic phase. Furthermore, in
order to avoid formation of the phase separation structure, it
is preferred to reduce the polymer precursor content and
adjust the composition of the precursor so as to form a net-
work-shaped polymer between liquid crystal molecules in a
state where liquid crystals are aligned. In the case of photo-
polymerization, it is preferred to prevent liquid crystal align-
ment defects by adjusting UV exposure time, UV exposure
intensity and temperature to form a network-shaped polymer.
In order to obtain desired liquid crystal alignment in the
polymerization of a polymer precursor in the composition, it
is possible to use a liquid crystal cell comprising an alignment
film, which is subjected to a rubbing alignment treatment of
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vertical alignment, parallel alignment or anti-parallel align-
ment or a photoalignment treatment, or to use a liquid crystal
cell in which upper and lower substrates are composed of a
vertical alignment film, or a combination of the vertical align-
ment film and a parallel alignment. Furthermore, the objec-
tive polymer-stabilized liquid crystal display device can be
obtained by forming twist alignment, bent alignment, spray
alignment or parallel alignment applying light, heat, voltage,
or external field such as magnetic field, or forming a liquid
crystal alignment state which is not easily obtained by an
alignment film alone, and immobilizing the alighment by
polymerization of the precursor. For example, in the case of a
smectic phase, the desired polymer-stabilized liquid crystal
display device can also be obtained by polymer stabilization
of an alignment state where directors are aligned in a fixed
direction by an external field, or polymerizing and immobi-
lizing a transitional alignment state by switching.

[0113] The polymer precursor used in the present invention
was obtained as a result of searching a compound having
larger improving effect as the above polymer precursor.

[0114] The polymer-stabilized liquid crystal composition
of the present invention contains at least one kind of a poly-
merizable compound (I) represented by the general formula
(I-a), at least one kind of a low-molecular liquid crystal com-
pound (II) represented by the general formula (II-a) or (II-b),
at least one kind of a polymerizable liquid crystal compound
(I1D) selected from the group consisting of compounds repre-
sented by the general formulas (I1I-a), (I1I-b) and (I1II-c), and
atleast one kind of a chiral compound (IV) represented by the
general formula (IV-a) or (IV-b).

[0115] It is possible to have the polymerizable compound
(I) contain plural compounds represented by the general for-
mula (I-a) each having a different main chain length or alkyl
side chain length. Furthermore, a polymerizable liquid crystal
compound may be used in combination, if necessary. A pre-
ferred amount thereof is 5% or less, since while the polymer-
izable liquid crystal compound enhances alignment proper-
ties of the low molecular liquid crystal, it has high affinity
with the low-molecular liquid crystal and the driving voltage
is likely to increase. Furthermore, it is possible to obtain a
polymer-stabilized liquid crystal display device having a low
driving voltage and high mechanical strength by enhancing
alignment properties in combinational use of a polymerizable
liquid crystal compound (III), and by the action of low
anchoring energy due to the polymerizable compound (1)
represented by the general formula (I-a) and the effect of a
low glass transition temperature.

[0116] Two substrates of the liquid crystal cell can be made
of'a flexible transparent material such as glass and plastic, and
one of the substrates can be made of an opaque material such
as silicon. The transparent substrate comprising a transparent
electrode layer is obtained, for example, by sputtering indium
tinoxide (ITO) ona transparent substrate such as a glass plate.

[0117] The color filter is prepared, for example, by a pig-
ment dispersion method, a printing method, an electrodepo-
sition method, or a dyeing method. The procedure is
explained by taking the pigment dispersion method as an
example: a curable coloring composition for a color filter is
applied on the transparent substrate, subjected to a patterning
treatment and cured by heating or light irradiation; and the
procedure is performed on each of 3 colors, red, green and
blue, to prepare a pixel portion for a color filter. In addition,
pixel electrodes equipped with an active device such as TFT,
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thin film diode and metallic insulator metal resistance device
may be provided on the substrate.

[0118] The substrates are faced each other with the trans-
parent electrode layers inside. A distance between the sub-
strates may be adjusted via a spacer. At this time, the thickness
of the obtained light control layer is preferably adjusted
within a range from 1 to 100 um, and more preferably from
1.5 to 10 um. When a polarizing plate is used, product of
refractive index anisotropy An and a cell thickness d of the
liquid crystal is preferably adjusted so as to maximize con-
trast. When two polarizing plates are present, it is also pos-
sible to adjust a polarizing axis of each polarizing plate to
have satisfactory viewing angle or contrast. It is also possible
to use a phase difference film for extending the viewing angle.
Examples of the spacer include glass particles, plastic par-
ticles, alumina particles, photoresist material and the like.
Thereafter, a sealing agent such as an epoxy-based thermo-
curable composition is screen-printed on the substrates with a
liquid crystal injection inlet, the substrates are laminated each
other and the sealing material is thermally cured by heating.

[0119] As the method ofinterposing the polymer-stabilized
liquid crystal composition between two substrates, acommon
vacuum injection method, or an ODF method can be used. At
this time, the polymer-stabilized liquid crystal composition
may be in a state where various liquid crystal compounds are
compatibilized with the polymer precursor of the present
invention, and is preferably in a uniform isotropic state or a
nematic phase. In the case of a smectic phase, handling is
difficult upon the production of the device.

[0120] The radical polymerizable compound is preferably
polymerized by irradiation with ultraviolet rays. As alamp for
generation of ultraviolet rays, a metal halide lamp, a high-
pressure mercury lamp, an ultrahigh-pressure mercury lamp
or the like can be used. A preferred wavelength of ultraviolet
rays to be irradiated is an absorption wavelength range of a
photopolymerization initiator contained in a composition for
apolymer-dispersed liquid crystal display device, at the same
time as a wavelength range that is not an absorption wave-
length range of the liquid crystal composition contained.
Specifically, it is preferred to use ultraviolet rays after cutting
out a wavelength of 330 nm or less, and more preferably 350
nm or less, using a metal halide lamp, a high-pressure mer-
cury lamp, or an ultrahigh-pressure mercury lamp.

[0121] The intensity of ultraviolet rays to be used can be
appropriately adjusted to obtain an intended light control
layer, but is preferably from 10 to 10,000 mJ/cm? more
preferably from 50 to 5,000 ml/cm?, although it varies
depending on reactivity of a polymer precursor to be used.
The irradiation time of ultraviolet rays is appropriately
selected according to the intensity of ultraviolet rays, but is
preferably from 10 to 600 seconds.

[0122] The temperature upon irradiation of ultraviolet rays
is an important element for stabilizing desired initial liquid
crystal alignment after determining characteristics of a light
control layer. When an isotropic phase state is immobilized,
the temperature is preferably slightly higher than an isotro-
pic-nematic transition point of the composition for a poly-
mer-stabilized liquid crystal display device. Specifically, the
temperature is preferably from a transition point+0.1 to 10°
C., and more preferably a transition point+0.1° C.t03° C. The
device can also be produced by adjusting the temperature at
which a nematic phase, a smectic phase or a cholesteric phase
is exhibited.
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[0123] Examples ofthe alignment state of the liquid crystal
to be polymer-stabilized include requisite alignment states
such as bend alignment, twist alignment, and spray alignment
observed in a smectic phase or a nematic phase, multi-domain
obtained by combination of plural alignments, multi-domain
in which mono-domain having a uniaxial alignment is
arranged in plural directions and the like. These alignment
states are preferably polymer-stabilized by ultraviolet expo-
sure, after forming an intended alignment state in the liquid
crystal by way of changing temperature, changing voltage by
applying an external electric field, or treating a polyimide
alignment film or photo-alignment film on a substrate inter-
face to have it aligned in an or plural directions.

[0124] The polymer-stabilized liquid crystal display device
the of present invention is that with a stabilized alignment
state of a low-molecular liquid crystal by polymerizing a
polymer-stabilized liquid crystal composition of the present
invention to form a polymer chain in a liquid crystal phase.
Such a polymer-stabilized liquid crystal display device is
obtained by applying an external electric field to a polymer-
stabilized liquid crystal composition or controlling alignment
of'apolymerizable liquid crystal using an alignment film, thus
polymerizing the composition under ultraviolet exposure
while maintaining a desired alignment state.

[0125] A specific one example of a compound used in the
polymer-stabilized liquid crystal composition of the present
invention is shown below.

<Polymerizable Compound (I)>

[0126] The polymerizable compound (I) used in the poly-
mer-stabilized liquid crystal composition of the present
invention is represented by the general formula (I-a) shown
below:

[Chemical Formula 10]

Al A3 B? AS
I | I |
H2C=C—COO—A2—? ? ?—Bl
At B/ A7

[0127] (in the formula (I-a), A' represents a hydrogen atom
or a methyl group,

(I-a)

[0128] A® represents a single bond or an alkylene group of
1to 15 carbon atoms (one, or two or more methylene group(s)
existing in the alkylene group each independently may be
substituted with an oxygen atom, —CO—, —COO—, or
—OCO— in amanner that any oxygen atoms are not directly
bonded to each other, and one, or two or more hydrogen
atom(s) existing in the alkylene group each independently
may be substituted with a fluorine atom, a methyl group or an
ethyl group),

[0129] A? and A° each independently represents a hydro-
gen atom or an alkyl group of 1 to 18 carbon atoms (one, or
two or more methylene group(s) existing in the alkyl group
each independently may be substituted with an oxygen atom,
—CO—, —COO—, or —OCO— in a manner that any oxy-
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gen atoms are not directly bonded to each other, one, or two or
more hydrogen atom(s) existing in the alkyl group each inde-
pendently may be substituted with a halogen atom or an alkyl
group of 1 to 17 carbon atoms),

[0130] A* and A7 each independently represents a hydro-
gen atom or an alkyl group of 1 to 10 carbon atoms (one, or
two or more methylene group(s) existing in the alkyl group
each independently may be substituted with an oxygen atom,
—CO—, —COO—, or —OCO— in a manner that any oxy-
gen atoms are not directly bonded to each other, and one, or
two or more hydrogen atom(s) existing in the alkyl group
each independently may be substituted with a halogen atom
or an alkyl group of 1 to 9 carbon atoms),

[0131] krepresents 1 to 40, and

[0132] B, B and B? each independently represents a
hydrogen atom, a linear or branched alkyl group of 1 to 10
carbon atoms (one, or two or more methylene group(s) exist-
ing in the alkyl group each independently may be substituted
with an oxygen atom, —CO—, —COO—, or —OCO—in a
manner that any oxygen atoms are not directly bonded to each
other), or a group represented by the general formula (I-b):

[Chemical Formula 11]

(-b)
A9

— A3—0CO—C==CH,

[0133] (in the formula (I-b), A® represents a hydrogen atom
or a methyl group, and

[0134] A® represents a single bond or an alkylene group of
1 to 15 carbon atoms (one, or two or more methylene group(s)
existing in the alkylene group each independently may be
substituted with an oxygen atom, —CO—, —COO—, or
—OCO— in amanner that any oxygen atoms are not directly
bonded to each other, and one, or two or more hydrogen
atom(s) existing in the alkylene group each independently
may be substituted with a fluorine atom, a methyl group, or an
ethyl group)), provided that the number of groups represented
by the general formula (I-b) among B*, B> and B>, a total
number of which is 2k+1, is from 0 to 3), a glass transition
temperature of a polymer formed by the polymerizable com-
pound (I) being from —100° C. to 25° C.

[0135] In the present invention, the term “alkylene group”
means a divalent group “—(CH,),—" (in which n is an inte-
ger of 1 or more) in which each one hydrogen atom has been
eliminated from carbon atoms of both ends of an aliphatic
linear hydrocarbon) unless otherwise specified. When the
hydrogen atom is substituted with a halogen atom or an alkyl
group, or a methylene group is substituted with an oxygen
atom, —CO—, —COO—, or —OCO—, the effect should be
particularly specified. The term “alkylene chain length”
refers to n in general formula “—(CH,),—” of “alkylene
group”.

[0136] Examples of preferred structure of the polymeriz-
able compound (I) represented by the general formula (I-a)
include at least one or more compounds selected from the
group consisting of a compound represented by general for-
mula (I-c) shown below:
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[Chemical Formula 12]

(I-¢)
All Al3 Als Al9
H2C=C—COO—A12—?—A]5—(II—A18—OCO—C=CH2

Al4 Al7

[0137] (in the formula (I-c), A'" and A'® each indepen-
dently represents a hydrogen atom or a methyl group,

[0138] A'?and A'® each independently represents a single
bond oran alkylene group of 1 to 15 carbon atoms (one, or two
or more methylene group(s) existing in the alkylene group
each independently substituted with an oxygen atom,
—CO—, —COO—, or —OCO— in a manner that any oxy-
gen atoms are not directly bonded to each other, and one, or
two or more hydrogen atom(s) existing in the alkylene group
each independently may be substituted with a fluorine atom,
a methyl group, or an ethyl group),

[0139] A3 and A'® each independently represents a linear
alkyl group of 2 to 20 carbon atoms (one, or two or more
methylene group(s) existing in the linear alkyl group each
independently may be substituted with an oxygen atom,
—CO—, —COO—, or —OCO in a manner that any oxygen
atoms are not directly bonded to each other),

[0140] A'*and A'7 each independently represents a hydro-
gen atom or an alkyl group of 1 to 10 carbon atoms (one, or
two or more methylene group(s) existing in the alkyl group
each independently may be substituted with an oxygen atom,
—CO—, —COO—, or —OCO— in a manner that any oxy-
gen atoms are not directly bonded to each other, and one, or
two or more hydrogen atom(s) existing in the alkyl group
each independently may be substituted with a halogen atom
or an alkyl group of 1 to 9 carbon atoms), and

[0141] A’ represents an alkylene group of 9 to 16 carbon
atoms (in at least one or more and five or less methylene
group(s) existing in the alkylene group, one hydrogen atom in
the methylene group each independently is substituted with a
linear or branched alkyl group of 1 to 10 carbon atoms, and
one, or two or more methylene group(s) existing in the alky-
lene group each independently may be substituted with an
oxygen atom, —CO—, —COO—, or —OCO— in a manner
that any oxygen atoms are not directly bonded to each other)),

[0142] a compound represented by general formula (I-d):

[Chemical Formula 13]

d-d)
A2l A2

H,C=C—C00— (CH,),—0CO—C=CH,

[0143] (in the formula (I-d), A** and A** each indepen-
dently represents a hydrogen atom or a methyl group, and a
represents an integer of 6 to 22),
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[0144] a compound represented by general formula (I-e):
[Chemical Formula 14]

(I-e)

A¥ CaHags AR

H,C=(— (00— (CH,),— C— (CH,),— 0CO—C=CH,

CeHaer

[0145] (in the formula (I-e), A*' and A** each indepen-
dently represents a hydrogen atom or a methyl group, b and ¢
each independently represents an integer of 1 to 10, d repre-
sents an integer of 1 to 10, and e represents an integer of 0 to
6), and

[0146] a compound represented by general formula (I-f):

[Chemical Formula 15]

-
A4l

CH;(CH,), — CH—(CH,),,—0CO—C=CH,
CH3(CH2)q—CH—(CHM—OCO—T:CHZ

A%

[0147] (in the formula (I-f), A*' and A** each indepen-
dently represents a hydrogen atom or a methyl group, and m,
n, p, and q each independently represents an integer of 1 to
10). It is preferred to include a compound represented by the
formula (I-c) among these compounds.

[0148] Preferred structure of the polymerizable compound
represented by the general formula (I-c) is that both A'' and
A'? are hydrogen atoms. Although the effects of the present
invention is exerted in the compound in which these substitu-
ents A'' and A'® are methyl groups, a compound in which
these substituents are hydrogen atoms are advantageous in
view of more increased polymerization rate.

[0149] It is preferred that A'> and A'® each independently
represents a single bond or an alkylene group of 1 to 3 carbon
atoms. A distance between two polymerizable functional
groups can be adjusted by varying the number of carbon
atoms of A’? and A'®, and A'®, independently. The feature of
the compound represented by the general formula (I-c) is a
long distance between polymerizable functional groups (a
distance between crosslinking points). When this distance is
too long, the polymerization rate extremely decreases and an
adverse influence in exerted on phase separation, and there-
fore there is an upper limit in the distance between polymer-
izable functional groups. Also, a distance between two side
chains of A'® and A'® exerts an influence on mobility of a
main chain. In other words, when the distance between A*>
and A is short, side chains A'® and A'® interfere with each
other, resulting in decreased mobility. Therefore, in general
compound represented by the formula (I-c), the distance
between polymerizable functional groups is decided by the
sum of A2, A*® and A'®. It is preferred to increase the length
of A'® when compared with the case of increasing the lengths
of A’ and A'®,

[0150] In contrast, in A3, A A'S, and A'” as the side
chain, the length of the side chain of them preferably has
aspects shown below.

11
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[0151] Inthe general formula (I-c), A'® and A'* are bonded
to the same carbon atom of the main chain. When each length
is different, the longer side chain is called A'® (when the
length of A2 is the same as that of A, any one is called A'?).
Similarly, when the length of A'¢ is different from that of A7,
the longer side chain is called A'® (when the length of A'® is
the same as that of A'7, nay one is called A*%).

[0152] Inthe present invention, A** and A'® each indepen-
dently represents a linear alkyl group of 2 to 20 carbon atoms
(one, or two or more methylene group(s) existing in the linear
alkyl group each independently may be substituted with an
oxygen atom, —CO—, —COO—, or —OCO— in a manner
that any oxygen atoms are not directly bonded to each other),
[0153] preferably each independently represents a linear
alkyl group of 2 to 18 carbon atoms (one, or two or more
methylene group(s) existing in the linear alkyl group each
independently may be substituted with an oxygen atom,
—CO—, —COO—, or —OCO— in a manner that any oxy-
gen atoms are not directly bonded to each other, and

[0154] more preferably each independently represents a
linear alkyl of 3 to 5 carbon atoms (one, or two or more
methylene group(s) existing in the linear alkyl group each
independently may be substituted with an oxygen atom,
—CO—, —COO—, or —OCO— in a manner that any oxy-
gen atoms are not directly bonded to each other).

[0155] Although the side chain has higher mobility than
that of the main chain and the existence contributes to an
improvement in mobility of a polymer chain at a low tem-
perature, mobility decreases to the contrary in a state where
spacial interference occurs between two side chains, as
described above. In order to prevent spacial interference
between side chains, it is effective to increase the distance
between side chains and to decrease the side chain length
within a requisite range.

[0156] Inthe present invention, A'* and A'” each indepen-
dently represents hydrogen atom or an alkyl group of 1 to 10
carbon atoms (one, or two or more methylene group(s) exist-
ing in the alkyl group each independently may be substituted
with an oxygen atom, —CO—, —COO—, or —OCO—ina
manner that any oxygen atoms are not directly bonded to each
other, and one, or two or more hydrogen atom(s) existing in
the alkyl group each independently may be substituted with a
halogen atom or an alkyl group of 1 to 9 carbon atoms),
[0157] preferably each independently represents a hydro-
gen atom or an alkyl group of 1 to 7 carbon atoms (one, or two
or more methylene group(s) existing in the alkyl group each
independently may be substituted with an oxygen atom,
—CO—, —COO—, or —OCO— in a manner that any oxy-
gen atoms are not directly bonded to each other),

[0158] more preferably each independently represents a
hydrogen atom or an alkyl group of 1 to 5 carbon atoms (one,
or two or more methylene group(s) existing in the alkyl group
each independently may be substituted with an oxygen atom,
—CO—, —COO—, or —OCO— in a manner that any oxy-
gen atoms are not directly bonded to each other), and
[0159] still more preferably each independently represents
a hydrogen atom or an alkyl group of 1 to 3 carbon atoms
(one, or two or more methylene group(s) existing in the alkyl
group each independently may be substituted with an oxygen
atom, —CO—, —COO—, or —OCO— in a manner that any
oxygen atoms are not directly bonded to each other).

[0160] With respect to A'* and A'”, too long length is not
preferred since spacial interference between side chains
occurs. It is considered that an alkyl chain in which A'* and
A'7 have a short length can be a side chain having high
mobility can be obtained and has the function of suppressing
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approach of adjacent main chains, and also the action of
preventing interference between polymer main chains
enhances mobility of the main chain. Therefore, an increase
in anchoring energy at a low temperature can be suppressed,
and thus it is effective to improve display characteristics in a
low temperature range of a polymer-stabilized liquid crystal
display device.

[0161] The longer, A'® located between two side chains
becomes, the better in order to vary the distance between side
chains and to decrease a glass transition temperature by wid-
ening the distance between crosslinking points. However,
when A'® is too long, the molecular weight of a compound
represented by the general formula (I-c) excessively increases
and compatibility with a liquid crystal composition exces-
sively deteriorates, and thus the polymerization rate exces-
sively decreases and an adverse influence is exerted on phase
separation, resulting in setting of the upper limit.

[0162] Therefore,in the present invention, A'® is preferably
an alkylene group of 9 to 16 carbon atoms (in at least one or
more and five or less methylene group(s) existing in the
alkylene group, one of hydrogen atoms in the methylene
group each independently be substituted with a linear or
branched alkyl group of 1 to 10 carbon atom, and one, or two
or more methylene group(s) existing in the alkylene group
each independently may be substituted with an oxygen atom,
—CO—, —COO—, or —OCO— in a manner that any oxy-
gen atoms are not directly bonded to each other).

[0163] Inother words, inthe present invention, the alkylene
chain length of A'® is preferably 9 to 16 carbon atoms. A'®
has, as a structural feature, a structure in which hydrogen
atoms in an alkylene group are substituted with an alkyl group
of'1 to 10 carbon atoms. The substitution number of the alkyl
group is 1 or more and 5 or less, preferably from 1 to 3, and
more preferably 2 or 3. The number of carbon atoms of the
alkyl group for substitution is preferably from 1 to 5, and
more preferably from 1 to 3.

[0164] The compound represented by the general formula
(I-a) can be synthesized by known methods described in
Tetrahedron Letters, Vol. 30, pp. 4985; Tetrahedron Letters,
Vol. 23, No. 6, pp. 681-684; and Journal of Polymer Science:
Part A: Polymer Chemistry, Vol. 34, pp. 217-225.

[0165] For example, a compound of the general formula
(I-c) in which A'* and A'” are hydrogens can be obtained by
reacting a compound containing plural epoxy groups with a
polymerizable compound containing active hydrogen
capable of reacting with an epoxy group, such as acrylic acid,
methacrylic acid or the like to synthesize a polymerizable
compound containing a hydroxyl group, and reacting the
polymerizable compound containing a hydroxyl group with a
saturated fatty acid.

[0166] Furthermore, the compound can be obtained by
reacting a compound containing plural epoxy groups with a
saturated fatty acid to synthesize a compound containing a
hydroxyl group, and reacting the compound containing a
hydroxyl group with a polymerizable compound containing a
group capable of reacting with a hydroxyl group, such as
acrylate.

[0167] When a radical polymerizable compound is a com-
pound of the general formula (I-c) in which A'* and A'” are
alkyl groups and A'? and A'® are methylene groups having 1
carbon atom, the compound can be obtained by a method of
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reacting a compound containing plural oxetane groups with a
fatty acid chloride or fatty acid capable of reacting with the
oxetane group, and reacting the reaction product with a poly-
merizable compound containing active hydrogen, such as
acrylic acid, a meted of reacting a compound having one
oxetane group with a polyhydric fatty acid chloride or fatty
acid capable of reacting with the oxetane group, and reacting
the reaction product with a polymerizable compound contain-
ing active hydrogen, such as acrylic acid.

[0168] Also, a compound of the general formula (I-c) in
which A'? and A'® are alkylene group of 3 carbon atoms
(propylene group; —CH,CH,CH,—) can be obtained by
using a compound containing plural furan groups in place of
the oxetane group. Furthermore, a compound of the general
formula (I-c) in which A'* and A'® are alkylene groups of 4
carbon atoms (butylene group; —CH,CH,CH,CH,—) can
be obtained by using a compound containing pyran groups in
place of the oxetane group.

[0169] Among the compound of the general formula (I-c)
thus obtained, particularly preferred compound has a struc-
ture shown below:

[Chemical Formula 16]

l-c-1
Al A3 Al6 Al® ( )

HZC:é—COO-AIZ-Cl-A15-C|-A18-OCO—(|I:CH2

Al4 A7

[0170] (in the formula (I-c-1), A*" and A'® each indepen-
dently represents a hydrogen atom or a methyl group,

[0171]

[0172] A3 and A'S each independently represents a linear
alkyl group of 2 to 20 carbon atoms (one, or two or more
methylene group(s) existing in the linear alkyl group each
independently may be substituted with an oxygen atom,
—CO—, —COO—, or —OCO— in a manner that any oxy-
gen atoms are not directly bonded to each other),

[0173] A'*and A7 each independently represents an alkyl
group of 1 to 10 carbon atoms, and

[0174] A’ represents an alkylene group of 9 to 16 carbon
atoms (at least one or more and five or less methylene groups
existing in the alkylene group, one of hydrogen atoms in the
methylene group may be substituted with a linear or branched
alkyl group of 1 to 10 carbon atoms, and one, or two or more
methylene group(s) existing in the alkylene group each inde-
pendently may be substituted with an oxygen atom, —CO—,
—COO—, or —OCO— in a manner that any oxygen atoms
are not directly bonded to each other)). Among the compound
represented by (1-c-1), particularly preferred is a compound
in which each number of —COO— or —OCO— groups
contained in A'® is 2 or less and each number of —COO— or
—OCO— groups contained in A'* and A'®is 1 or less, and
specific examples thereof include compounds of (I-1) to (I-9).

A'? and A'® each represents a methylene group,
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[Chemical Formula 17]
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<Low-Molecular Liquid Crystal Compound (IT)>

[0175] The low-molecular liquid crystal compound (II)
used in the polymer-stabilized liquid crystal composition of
the present invention is represented by the general formula
(II-a) or (II-b) shown below:

[Chemical Formula 19]

Rl_<C1_Zl_)_c2_ZZ_C3_Xl

Yll

Rl_(cl_zl_)_CZ_ZZ_C3_R2
nl

[0176] (in the formulas (II-a) and (II-b), R' and R* each
independently represents an alkyl group of 1 to 18 carbon
atoms or an alkenyl group of 2 to 18 carbon atoms (one, or two
or more methylene group(s) existing in the alkyl group or an
alkenyl group each independently may be substituted with an
oxygen atom in a manner that any oxygen atoms are not
directly bonded to each other),

[0177] C! represents a 1,4-phenylene group, a 1,4-cyclo-
hexylene group, or a 1,3-dioxane-2,5-diyl group (the 1,4-
phenylene group among these groups is unsubstituted, or can
contain one, or two or more fluorine atom(s), chlorine atom
(s), methyl group(s), trifluoromethyl group(s), or trifluo-
romethoxy group(s) as substituent(s)),

[0178] C?and C? each independently represents a 1,4-phe-
nylene group, a 1,4-cyclohexylene 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-tet-
rahydronaphthalene-2,6-diyl group, a 2,6-naphthylene
group, 1,3,4-thiadiazole-2,5-diyl group, or an indan-2,5-diyl
group (the 1,4-phenylene group, the 1,2,3,4-tetrahydronaph-
thalene-2,6-diyl group, the 2,6-naphthylene group, and the
indan-2,5-diyl group among these groups are unsubstituted,
or can contain one, or two or more fluorine atom(s), chlorine
atom(s), methyl group(s), trifluoromethyl group(s), or trifluo-
romethoxy group(s) as substituent(s)),

[0179] Z' and Z* each independently represents a single
bond, —CH,CH,—, —CH,0—, —OCH,—,
—CH,CH,0—, —OCH,CH,—, —CH,CH,CH,0—,
—OCH,CH,CH,—,—CH—CH—, —C=C—,—CF,0—,
—OCF,—, —CO0O—, or —OCO—,

[0180] X' represents a fluorine atom, a chlorine atom, a
trifluvoromethyl group, a trifluoromethoxy group, a difluo-
romethyl group, an isocyanate group, or a cyano group, and

[0181] n' represents 0, 1, or 2, provided that plural C' and
7' may be the same or different when n* represents 2).

[0182] Alternatively, the low-molecular liquid crystal com-
pound (1) used in the polymer-stabilized liquid crystal com-
position of the present invention is represented by the general
formula (VIII-a), general formula (IX-a), or general formula
X).

[0183] Specifically, the compound represented by the gen-
eral formula (II-a) or (II-b) is preferably a compound repre-
sented by the general formula (V-a), general formula (VI-a),
general formula (VI-b), general formula (VII-a), or general
formula (VII-b) shown below in view of a wide liquid crystal
temperature range, liquid crystal phase stability and compat-

(II-a)

(I1-b)
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ibility in a low temperature range, a high dielectric constant,
and a high specific resistance value.

<Compound Represented by General Formula (V-a)>

[0184]

[Chemical Formula 20]

R“—<'C“-Z“
/11

[0185] (in the formula (V-a), R'* represents an alkyl group
of'1 to 18 carbon atoms or an alkenyl group of 2 to 18 carbon
atoms (one, or two or more methylene group(s) existing in the
alkyl group or an alkenyl group may be substituted with an
oxygen atom in a manner that any oxygen atoms are not
directly bonded to each other),

[0186] C'! represents a 1,4-phenylene group or a 1,4-cy-
clohexylene group (the 1,4-phenylene group is unsubstituted,
or can contain one, or two or more of fluorine atom(s), chlo-
rine atom(s), methyl group(s), trifluoromethyl group(s), or
trifluoromethoxy group(s) as substituent(s)),

[0187] Z'! represents a single bond or —CH,CH,—,

[0188] X'! represents an alkyl group of 1 to 18 carbon
atoms or an alkenyl group of 2 to 18 carbon atoms (one, or two
or more methylene group(s) existing in the alkyl group or an
alkenyl group may be substituted with an oxygen atom in a
manner that any oxygen atoms are not directly bonded to each
other), a fluorine atom, a chlorine atom, an isocyanate group,
a trifluoromethyl group, a trifluoromethoxy group, a difluo-
romethoxy group, or a group represented by general formula
(V-b) shown below, X'? to X'” each independently represents
a hydrogen atom, a fluorine atom, a chlorine atom, a trifluo-
romethyl group, a trifluoromethoxy group, a methyl group,
methoxy group, or an ethyl group, and

[0189] n'' represents O or 1).

[0190] Herein, the general formula (V-b) is formula shown
below:

[Chemical Formula 21]
—Cl_x (V-b)
18

[0191] (in the formula (V-b), C'* represents a 1,4-phe-
nylene group or a 1,4-cyclohexylene group (the 1,4-phe-
nylene group is unsubstituted, or can contain one, or two or
more of fluorine atom(s), chlorine atom(s), methyl group(s),
trifluvoromethyl group(s), or trifluoromethoxy group(s) as
substituents(s)),

[0192] X'® represents an alkyl group of 1 to 18 carbon
atoms or an alkenyl group of2 to 18 carbon atoms (one, or two
or more methylene group(s) existing in the alkyl group or an
alkenyl group may be substituted with an oxygen atom in a
manner that any oxygen atoms are not directly bonded to each
other), a fluorine atom, a chlorine atom, an isocyanate group,
a trifluoromethyl group, a trifluoromethoxy group, or a dif-
luoromethoxy group)).
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[0193] In the general formula (V-a), R'! is preferably an
alkyl group of 1 to 18 carbon atoms or an alkenyl group of 2
to 18 carbon atoms (one, or two or more methylene group(s)
existing in the alkyl group or an alkenyl group may be sub-
stituted with an oxygen atom as a substituted in a manner that
any oxygen atoms are not directly bonded to each other), and
more preferably an alkyl group of 1 to 12 carbon atoms or an
alkoxy group of 1 to 12 carbon atoms.

[0194] Z'!is preferably a single bond. X! is preferably an
alkyl group of 1 to 18 carbon atoms, an alkoxy group of 1 to
18 carbon atoms, or a fluorine atom. X'? to X'” are preferably
hydrogen atoms, fluorine atoms, or methyl groups, and one or
more and three or less substituents among X' to X' are more
preferably fluorine atoms or methyl groups.

[0195] Specifically, preferred compounds are those repre-
sented by general formula (V-1) to general formula (V-7):

[Chemical Formula 22]

(V-1
X161 X]41
RlecEc@fl{n
Xl?l XlSl
(V-2)
Xls] X141
RIZO_Q?CEC&RB
Xl7] XlSl
(V-3)
Xlﬁl X141
C=cC R?
R]Z
Xl7l XlSl
(V-4)
X]81 Xls] X141
RIZCECAQRB
X191 Xl7] XlSl
V-5
X122 ( )
R]4OCECQ '
X132
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-continued
(V-6)
X162 XIZZ
R C=cC F
X172 X]32
V-7
XISZ XIGZ X]22
X192 X172 Xl32

[0196] (wherein R'? R'?, and R'* each independently rep-
resents an alkyl group of 1 to 18 carbon atoms or an alkoxy
group of 1 to 18 carbon atoms,

[0197] X', XM XML X7 X! and X' each inde-
pendently represents a hydrogen atom, a fluorine atom, or a
methyl group, and

[0198] X'22, X!32 X162 X!72 X182 and X'*? each inde-
pendently represents a hydrogen atom or a fluorine atom).
Among these compounds, preferred compounds are those in
which at least one or more and three or less of substituents
among X'*', X' X' X'7! X' and X! are fluorine
atoms or methyl groups in the general formula (V-1) to the
general formula (V-4), and those in which at least one or more
and three or less of substituents among X'*?, X'32 X2
X172, X182 and X**? are fluorine atoms in the general formula
(V-5) to the general formula (V-7). Specifically, more pre-
ferred compounds are those represented by general formula
(V-8) to general formula (V-16):

[Chemical Formula 23]

(
H;C

(V-9)

F

X175

V-8)

(V-10)

F
RISO_Q?CECAQRM
H;C

X175
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-continued
(V-11)
X145
RISO_QCEC‘QRIG
F
(V-12)
X]GG X146
C=cC RI6
R]S
X176 XISG
(V-13)
X]SG XIGG X146
X176 XISG
. (V-14)
RJSOCECQF
Xl37
(V-15)
F
X137
(V-16)
X187 F
Xl37

[0199] (wherein R**, R*S, and R’ each independently rep-
resents an alkyl group of 1 to 18 carbon atoms or an alkoxy
group of 1 to 18 carbon atoms,

[0200] X!'%5, X'75 X'06 X'76 and X'®° each indepen-
dently represents a hydrogen atom or a fluorine atom,
[0201] X'#¢ and X'°® each independently represents a
hydrogen atom, a fluorine atom, or a methyl group, and
[0202] X'*7 and X'®” each independently represents a
hydrogen atom or a fluorine atom).
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<Compounds Represented by General Formula (VI-a) and
General Formula (VI-B)>

[0203]
[Chemical Formula 24]
(VI-a)
X26
X24 XZZ
R2! _6C21_221 O
! Q ZZZ XZ]
XZS X23
[0204] (inthe formula (VI-a), R*! represents an alkyl group

of'1 to 18 carbon atoms or an alkenyl group of 2 to 18 carbon
atoms (one, or two or more methylene group(s) existing in the
alkyl group or an alkenyl group may be substituted with an
oxygen atom in a manner that any oxygen atoms are not
directly bonded to each other),

[0205] C?' represents a 1,4-phenylene group or a 1,4-cy-
clohexylene group (the 1,4-phenylene group is unsubstituted,
or can contain one, or two or more of fluorine atom(s), chlo-
rine atom(s), methyl group(s), trifluoromethyl group(s) or
trifluoromethoxy group(s) as substituent(s)),

[0206] 6-membered ring Y** represents a benzene ring or a
cyclohexane ring,

[0207] X>! represents a fluorine atom, a chlorine atom, an
isocyanate group, a trifluoromethyl group, a trifluoromethoxy
group, or a difluoromethoxy group,

[0208] X32to X?° each independently represents a hydro-
gen atom, a fluorine atom, a chlorine atom, a trifluoromethyl
group, or a trifluoromethoxy group,

[0209] 73! represents a single bond or —CH,CH,—,
[0210] Z** represents a single bond, —CH,CH,—, or
—CF,0—,
[0211] n*! represents O or 1).
[Chemical Formula 25]
(VLb)
X35 X34
X3Z
R3lﬂ<c3l>z3l 232 O
X36
X33
[0212] (intheformula (VI-b), R*! represents an alkyl grou
P group

of'1to 18 carbon atoms or an alkenyl group of 2 to 18 carbon
atoms (one, or two or more methylene group(s) existing in the
alkyl group or an alkenyl group may be substituted with an
oxygen atom in a manner that any oxygen atoms are not
directly bonded to each other),

[0213] C®' represents a 1,4-phenylene group or a 1,4-cy-
clohexylene group (the 1,4-phenylene group is unsubstituted,
or can contain one, or two or more of fluorine atom(s), chlo-
rine atom(s), methyl group(s), trifluvoromethyl group(s) or
trifluoromethoxy group(s) as substituent(s)),

[0214] 6-membered ring Y>' represents a benzene ring or a
cyclohexane ring,
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[0215] X3! represents a fluorine atom, a chlorine atom, an
isocyanate group, a trifluoromethyl group, a triffuoromethoxy
group, or a difluoromethoxy group,

[0216] X32 to X>3° each independently represents a hydro-
gen atom, a fluorine atom, a chlorine atom, a trifluoromethyl
group or a trifluoromethoxy group,

[0217] Z*' represents a single bond or —CH,CH,—,
[0218] Z3* represents a single bond, —CH,CH,—, or
—CF,0—, and

[0219] n?' represents O or 1).

[0220] In the general formula (VI-a) and general formula
(VI-b), R*! and R?' are preferably alkyl groups of 1 to 18
carbon atoms or alkenyl groups of 2 to 18 carbon atoms (one,
or two or more methylene group(s) existing in the alkyl group
or an alkenyl group may be substituted with an oxygen atom
in a manner that any oxygen atoms are not directly bonded to
each other), and

[0221] the alkyl group or alkenyl group is more preferably
an alkenyl group represented by formula (VI-c) or an alkyl
group of 1 to 18 carbon atoms:

[Chemical Formula 26]

/N N\
/ \_ /N N\ \_

[0222] (the respective structural formulas in the formula
(VI-c) are directly connected to the ring at right end, or
connected to the ring via an oxygen atom).

[0223] C?' and C?' are preferably 1,4-cyclohexylene
groups.

[0224] 73! and 7! are preferably single bonds.

[0225] X*'and X' are preferably fluorine atoms or trifluo-
romethoxy groups, and more preferably fluorine atoms.

(Vl-¢c)

[0226] Specifically, preferred compounds are those repre-
sented by general formula (VI-1) to general formula (VI-33):

[Chemical Formula 27]
(VI-1)
(VI-2)
F
(VI-3)
F F
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-continued
(VI-4)
F
F
(VI-5)
F F
F
(VI-6)
F F
F F
(VI-7)
F
F F
F F
(VL8)
(VL-9)

F
(VI-10)
F F

(VI-11)

F
F
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-continued
(VI-12)

%
[
I les]
i | les]
o

(VI-13)

R22

i
oo}
5]

F F

(VI-14)

F
F F
F
F F
[Chemical Formula 28]
(VI-15)

R32

&

(VI-16)
R]Z
F
(VI-17)
F
F
(VI-18)
F
F
F
(VI-19)
F
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-continued
(VI-20)
F
F
Q F
F
(VI-21)
F
F
Q F
F
(VI-22)
F F
F
Q F
F
(VI-23)
F F
F
Q F
F
F
(VI-24)
Q F
(VI-25)
F
Q F
(VI-26)
F
F
Q F
(VI-27)

F
F
Q F



US 2010/0149446 Al

-continued
(VI-28)

Q C F
Q F
F
(VI-29)
F
Q C F
Q F
F
(VI-30)

F
Q C F
Q F
F

~,
53

=,
53

”,
}

(VI-31)
F F
F
Q F
F
(VI-32)

”,
i

F F
Q C F
Q F
F
F
(VI-33)

F F
F
o
F
F

:
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[0227] (R** and R** represent an alkyl group of 1 to 18
carbon atoms.)

<Compounds Represented by General Formula (VII-a) and
General Formula (VII-B)>

[0228]
[Chemical Formula 29]
(VII-a)
bl X4
R‘”-éC‘”—Z‘”
! 742 “ 4!
45 43
[0229] (in the formula (VII-a), R*! represents an alkyl

group of 1 to 18 carbon atoms or an alkenyl group of 2 to 18
carbon atoms (one, or two or more methylene group(s) exist-
ing in the alkyl group or an alkenyl group may be substituted
with an oxygen atom in a manner that any oxygen atoms are
not directly bonded to each other),

[0230] C*! represents a 1,4-phenylene group or a 1,4-cy-
clohexylene group (the 1,4-phenylene group is unsubstituted,
or can contain one, or two or more of fluorine atom(s), chlo-
rine atom(s), methyl group(s), triftuoromethyl group(s), or
trifluoromethoxy group(s) as substituent(s)),

[0231] 6-membered ring Y*' represents a benzene ring or a
cyclohexane ring,

[0232] X*! represents a fluorine atom, a chlorine atom, an
isocyanate group, a trifluoromethyl group, a trifluoromethoxy
group, or a difluoromethoxy group,

[0233] X**to X** each independently represents a hydro-
gen atom, a fluorine atom, a chlorine atom, a trifluoromethyl
group, or a trifluoromethoxy group,

[0234] Z*' represents a single bond or —CH,CH,—,
[0235] Z** represents a single bond, —CH,CH,—, or
~CF,0—, and

[0236] ! represents 0 or 1).

[Chemical Formula 30]
(VII-b)
X54
XSZ
Rsl_(_CSJ_ZSI = 752
XSI
XSS
X53
[0237] (in the formula (VII-b), R>' represents an alkyl

group of 1 to 18 carbon atoms or an alkenyl group of 2 to 18
carbon atoms (one, or two or more methylene group(s) exist-
ing in the alkyl group or an alkenyl group may be substituted
with an oxygen atom in a manner that any oxygen atoms are
not directly bonded to each other),

[0238] C° represents a 1,4-phenylene group or a 1,4-cyclo-
hexylene group (the 1,4-phenylene group is unsubstituted, or
can contain one, or two or more of fluorine atom(s), chlorine
atom(s), methyl group(s), trifluoromethyl group(s), or trifluo-
romethoxy group(s) as substituent(s)),

[0239] 6-membered ring Y>* represents a benzene ring or a
cyclohexane ring,
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[0240] X! represents a fluorine atom, a chlorine atom, an
isocyanate group, a trifluoromethyl group, a triffuoromethoxy
group, or a difluoromethoxy group,

[0241] X°? to X°® each independently represents a hydro-
gen atom, a fluorine atom, a chlorine atom, a trifluoromethyl
group, or a trifluoromethoxy group,

[0242] Z°! represents a single bond or —CH,CH,—,
[0243] Z°2 represents a single bond, —CH,CH,—, or
—CF,0—, and

[0244] n’! represents O or 1).

[0245] In the general formula (VII-a) and general formula
(VII-b), R*! and R>! are preferably an alkyl group of 1 to 18
carbon atoms or an alkenyl group of 2 to 6 carbon atoms (one,
or two or more methylene group(s) existing in the alkyl group
or an alkenyl group may be substituted with an oxygen atom
in a manner that any oxygen atoms are not directly bonded to
each other), and

[0246] the alkyl group or an alkenyl group is more prefer-
ably an alkenyl group represented by formula (VII-c) or an
alkyl group of 1 to 5 carbon atoms:

[Chemical Formula 31]

/N N\
/N /N N\ \_

[0247] (the respective structural formulas in formula (VII-
¢) are directly connected to the ring at right end, or connected
to the ring via an oxygen atom).

[0248] C* and C*' are preferably 1,4-cyclohexylene
groups.

[0249] Z*' and 7> are preferably single bonds.

[0250] X*'and X' are preferably fluorine atoms or triffuo-
romethoxy groups, and more preferably fluorine atoms.
[0251] Specifically, preferred compounds are those repre-
sented by general formula (VII-1) to general formula (VII-
42):

(VII-c)

[Chemical Formula 32]

(VII-1)

(VIL-2)

(VIL-3)
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-continued
(VII-4)

R42

I o]
i

e ’ s3]
o]

(VIL-5)

=
S
’ les]

(VII-6)

=
[
’ 3]

(VIL-7)

R#%

(VII-8)

=
s}
s> ’ oo}

(VII-9)

=
I
oo} ’ je>]

(VII-10)

= %
[ [
2] 2]

(VII-11)
F

(VII-12)

F
F



US 2010/0149446 Al Jun. 17,2010

22
-continued -continued
(VII-13) (VII-21)

(VII-14)

F F (VII-22)
)= F
OO ()
OO
(VII-15)

F F (VII-23)
R42 . . F F
R42 Q Q F
F

(VII-16) (VII-24)
F F F
~ ) O
F
(VII-17) (VII-25)
F F F
L= O
QO - ases
F
(VII-18) (VII-26)
F ¥ F F
R42 ' . '
42
F
[Chemical Formula 33] (VII-27)
(VII-19) .
(VII-20) [Chemical Formula 34]

' F (VIL-28)
52
R*? F K
F
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-continued
(VII-29)
F
RS2
F
(VII-30)
F
RS2
F
F
(VIL-31)
Rszm '
(VIL-32)
F
Rszm '
(VII-33)
F
R524<:>_/_<:%;§7 F
F
(VII-34)
R32
F
(VII-35)
F
RSZ
F
(VIL-36)
F
R
F
F
[Chemical Formula 35]
(VII-37)
R% F
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(VII-38)
F

R>? F
(VII-39)
F

R F
F
(VII-40)

R>? F
(VII-41)
F

R F
(VII-42)
F

R%? F
F

[0252] (wherein R** and R>? represent an alkyl group of 1
to 18 carbon atoms).

<Compound Represented by General Formula (VIII-a)>
[0253]

[Chemical Formula 36]

R51_6 1.zl )_ (C62_762.(63_p 62
7151

[0254] (in the formula (VIII-a), R®' and R%* each indepen-
dently represents an alkyl group of 1 to 18 carbon atoms or an
alkenyl group of 2 to 18 carbon atoms (one, or two or more
methylene group(s) existing in the alkyl group or an alkenyl
group may be substituted with an oxygen atom in a manner
that any oxygen atoms are not directly bonded to each other),
[0255] C°', C® and C% each independently represents a
1,4-phenylene group or a 1,4-cyclohexylene group (the 1,4-
phenylene group is unsubstituted, or can contain one, or two
or more of fluorine atom(s), chlorine atom(s), methyl group
(s), trifluoromethyl group(s), or trifluoromethoxy group(s) as
substituent(s)),

[0256] Z°' and Z%* each independently represents a single
bond or —CH,CH,—, and

(VIII-a)
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[0257] n®'represents 0, 1,or 2, provided that plural C®* and
75" may be the same or different when n® is 2).

[0258] In the general formula (VIII-a), R%' and R%* are
preferably alkyl groups of 1 to 18 carbon atoms or alkenyl
groups of 2 to 18 carbon atoms (one, or two or more methyl-
ene group(s) existing in the alkyl group or an alkenyl group
may be substituted with an oxygen atom in a manner that any
oxygen atoms are not directly bonded to each other), and
more preferably alkenyl groups represented by the formula
(VI-c), alkenyloxy groups (in which the alkenyl group is
represented by the formula (VI-c)), or alkyl or an alkoxy
groups of 1 to 5 carbon atoms.

[0259] When particularly low viscosity is desired, it is pre-
ferred that n®' is O, C®* and C* are 1,4-cyclohexylene
groups, and Z%? is a single bond.

[0260] In order to expand a liquid crystal temperature
range, it is preferred that n® is 0 or 1, C5' and C%* are 1,4-
cyclohexylene groups, C* is a 1,4-phenylene group (the 1,4-
phenylene group is unsubstituted, or can contain one, or two
or more fluorine atom(s) or methyl group(s) as substituent
(s)), Z°%' is a single bond or —CH,CH,—, and Z%* is a single
bond.

[0261] In order to obtain a particularly high refractive
index, it is preferred that n®" is 1, C°" is a 1,4-cyclohexylene
group or a 1,4-phenylene group (the 1,4-phenylene group is
unsubstituted, or can contain one, or two or more fluorine
atom(s) or methyl group(s) as substituent(s)), and C** and C**
are 1,4-phenylene groups (the 1,4-phenylene group is unsub-
stituted, or can contain one, or two or more fluorine atom(s) or
methyl group(s) as substituent(s)).

[0262] Specifically, preferred compounds are those repre-

sented by general formula (VIII-1) to general formula (VIII-
5):

[Chemical Formula 37]
(VII-1)
(VII-2)

(VIII-3)

(VIIL-4)

X66 X4 Xx63 x6!

X65 XGZ
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(VIII-5)
X66 X64 X63 XGI
XGS X62

[0263] (wherein R°® and R%° eachindependently represents
an alkyl group of 1 to 18 carbon atoms (one, or two or more
methylene group(s) existing in the alkyl group may be sub-
stituted with an oxygen atom in a manner that any oxygen
atoms are not directly bonded to each other), and X°®' to X%°
each independently represents a hydrogen atom, a fluorine
atom, or a methyl group).

<Compound Represented by General Formula (Ix-a)>

[0264]

[Chemical Formula 38]

R71_€ cTig )_ T2z 72 CTBRT
7171

(IX-a)

[0265] (inthe formula (IX-a), R7* represents an alkyl group
of 1 to 18 carbon atoms or an alkenyl group of 2 to 18 carbon
atoms (one, or two or more methylene group(s) existing in the
alkyl group or an alkenyl group may be substituted with an
oxygen atom in a manner that any oxygen atoms are not
directly bonded to each other),

[0266] C7', C"2, and C”? each independently represents a
1,4-phenylene group, a 1,4-cyclohexylene group, or anindan-
2,5-diyl group (the 1,4-phenylene group and the indan-2,5-
diyl group are unsubstituted, or can contain one, or two or
more of fluorine atom(s), chlorine atom(s), methyl group(s),
trifluoromethyl group(s), or trifluoromethoxy group(s) as
substituent(s)),

[0267] Z7' and Z7* each independently represents a single
bond, —CH?*CH*—, or —CF,0—,

[0268] X' represents a fluorine atom, a chlorine atom, a
trifluvoromethyl group, a trifluoromethoxy group, a difluo-
romethyl group, or an isocyanate group, and

[0269] n”* represents0, 1, or 2, provided that plural C”* and
Z"! may be the same or different when n”* is 2).

[0270] R7" in the general formula (IX-a) is preferably an
alkyl group of 1 to 18 carbon atoms or an alkenyl group of 2
to 6 carbon atoms (one, or two or more methylene group(s)
existing in the alkyl group or an alkenyl group may be sub-
stituted with an oxygen atom in a manner that any oxygen
atoms are not directly bonded to each other), and the alkenyl
group is preferably represented by the formula (V-c), and
more preferably an alkyl group of 1 to 18 carbon atoms or an
alkoxy group of 1 to 18 carbon atoms.

[0271] X! is preferably a fluorine atom or a trifluo-
romethoxy group, and more preferably a fluorine atom.
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[0272] Whenitis desired to obtain particularly high dielec-
tric constant, it is preferred that n”* is 0 or 1, C”* is a 1,4-
cyclohexylene group, C? is a 1,4-cyclohexylene group or a
1,4-phenylene group (the 1,4-phenylene group is unsubsti-
tuted, or can contain one, or two or more fluorine atom(s) or
methyl group(s) as substituent(s)), C”* is a 2-fluoro-1,4-phe-
nylene group, a 3-fluoro-1,4-phenylene group, a 2,6-difluoro-
1,4-phenylene group, or a 3,5-difluoro-1,4-phenylene group,
and Z"* and Z”? are single bonds.

[0273] In order to expand a liquid crystal temperature
range, it is preferred that n”* is 2, C”* is a 1,4-cyclohexylene
group, C’* is a 1,4-cyclohexylene group or a 1,4-phenylene
group, C”* is a 2-fluoro-1,4-phenylene group, a 3-fluoro-1,4-
phenylene group, a 2,6-difluoro-1,4-phenylene group, or a
3,5-difluoro-1,4-phenylene group, and Z7* and Z”? are single
bonds or —CH,CH,—.

[0274] Specifically, preferred compounds are those repre-
sented by general formula (IX-1) to general formula (IX-4):

[Chemical Formula 39]
IX-1)
X72
R F
X73
(IX-2)
x4 X2
X75 X73
(IX-3)
X72
X73
IX-4)
X7 X72
X75 X73

[0275] (wherein R7? represents an alkyl group of 1 to 18
carbon atoms or an alkoxy group, X2 to X”* each indepen-
dently represents a hydrogen atom or a fluorine atom, and Z7*
represents a single bond or —CH,CH,—).

[0276] Among these compounds of the general formula
(IX-1) to the general formula (IX-4), more preferred com-
pounds are those represented by general formula (IX-5) to
general formula (IX-7):
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[Chemical Formula 40]
(IX-5)
F
R7 F
X77
(IX-6)
X8 F
X79 X77
(IX-7)
F
F
R77
X77
[0277] (wherein R”7 represents an alkyl group of 1 to 18

carbon atoms, and X”” to X”° each independently represents
a hydrogen atom or a fluorine atom).

<Compound Represented by General Formula (X)>
[0278]

[Chemical Formula 41]

&
N
al —N [ !

[0279] (wherein R'®" and R'®* each independently repre-
sents a linear or branched alkyl group of 1 to 18 carbon atoms,
provided that one or two non-adjacent —CH,— group(s)
may be substituted with —O—, —S—, —CO—, —CO—
o—,—0—-CO—,—CO—S—, —S—CO—, —0—CO—
O—, —CH=—CH—, —C=C—, cyclopropylene group, or a
—Si(CH;),—, and one or more hydrogen atom(s) of the alkyl
group may be substituted with a fluorine atom or a CN group,
A'°! represents 1,4-phenylene group, B'°' and C*°! each
independently represents a 1,4-phenylene group in which one
or two hydrogen atom(s) may be substituted with a fluorine
atom, a CF; group, a OCF; group, or a CN group, or plural
groups thereof, and a', b*, and ¢! represent an integer of 0 or
1 and (a'+b'+c')=1 or 2).

[0280] Specifically, the compound represented by the gen-
eral formula (X) is represented by general formula (X-a) to
general formula (X-f):
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[Chemical Formula 42]
(X-2)
x8! x82
N
YIOI{ \ Z101
—N
83 X84
(X-b)
x93 x4
N
—N
x95 X9
X-¢)
X85 x86 x87 X88
X8 X9 x91 92
X-d)
x81 x82
N
Y{ \ o
—N
x83 84
(X-e)
X85 Xx86 x87 X88
N
—N
X80 X% x9!1 x92
x93 x4 *-H

N
—N

X5 X96

[0281] (wherein Y'°', and X* each independently repre-
sents an alkyl group of 1 to 18 carbon atoms, or an alkoxy
group, or an alkenyl group of 2 to 18 carbon atoms (one, or
two or more methylene group(s) existing in the alkyl group or
an alkenyl group may be substituted with an oxygen atom in
a manner that any oxygen atoms are not directly bonded to
each other),

[0282] Z'°' represents an alkyl group of 1 to 18 carbon
atoms, or an alkoxy group, or an alkenyl group of 2 to 18
carbon atoms (one, or two or more methylene group(s) exist-
ing in the alkyl group or an alkenyl group may be substituted
with an oxygen atom in a manner that any oxygen atoms are
not directly bonded to each other), or independently repre-
sents a fluorine atom, a chlorine atom, a triffuoromethyl group
or a trifluoromethoxy group, a difluoromethyl group, or an
isocyanate group, and
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[0283] X®' to X®° each independently represents a hydro-
gen atom, a fluorine atom, or a methyl group).

[0284] Specific examples of the compound represented by
the general formula (X-a) to general formula (X-f) include
compounds (X-1) to (X-17) shown below:

[Chemical Formula 43]
N X-1)
—N
X-2)
E
N
—N
X-3)
F
N
—N
(X-4)
F F
N
—N
N X-5)
YIOIQ_C \>_®72101
—N
(X-6)
F
N
YlOl / \>_©72101
—N
X-7)
Y]01\©_<: @Zml
(X-8)
Y1014©_</: >_©7zml
[Chemical Formula 44]
N X-9)
—N
(X-10)

F

N
-
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-continued
(X-11)
F
N
—N
(X-12)
F
N
Ym{/ \ Q Q
-
(X-13)
F
N
—N
X-14)
F F
N
Ym{/ \ Q Q
-
(X-15)
F F
N
Ym{/ \ Q Q
-
(X-16)
F F F F
N
Ym_</ \ Q Q
-
X-17)
F F
N
Ym{/ \ Q Q
-

[0285] (wherein Y'°! represents an alkyl group of 1 to 18
carbon atoms, or an alkoxy group, or an alkenyl group of 2 to
18 carbon atoms (one, or two or more methylene group(s)
existing in the alkyl group or an alkenyl group may be sub-
stituted with an oxygen atom in a manner that any oxygen
atoms are not directly bonded to each other),

[0286] Z'°' represents an alkyl group of 1 to 18 carbon
atoms, or an alkoxy group, or an alkenyl group of 2 to 18
carbon atoms (one, or two or more methylene group(s) exist-
ing in the alkyl group or an alkenyl group may be substituted
with an oxygen atom in a manner that any oxygen atoms are
not directly bonded to each), or independently represents a
fluorine atom, a chlorine atom, a trifluoromethyl group or a
trifluvoromethoxy group, a difluoromethyl group, or an isocy-
anate group).

[0287] It is desired to use, as the compound of general
formula (IT), a compound represented by general formula

27
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(VIII-a) or general formula (X) so as to stably obtain a desired
liquid crystal phase and also to respond at a high speed. When
a particularly high specific resistance value is required for
operation using an active device such as a thin film transistor
device, a metal-insulator-metal device or a thin film diode
device, it is desired to use a compound of general formula
(VIII-a). When the active device is not used or a particularly
high specific resistance value is not required, a compound of
general formula (X) is also preferably used, similarly to a
compound of general formula (VIII-a). The compound of
general formula (VIII-a) or general formula (X) may be used
alone, or plural compounds can be used by mixing them. It is
preferred to mix two or more kinds of different compounds in
view of improvement in stability of a liquid crystal phase and
control of physical properties.

[0288] In order to obtain a display device having a high
transmittance, birefringence (An) must be adjusted depend-
ing on a cell thickness. In view of the production of the
display device, the more the cell thickness increases, the
better. Inthat case, itis necessary to use a liquid crystal having
small An. In that case, a ring structure of general formula (II)
is preferably a cyclohexyl or 1,3,4-thiadiazole-2,5-diyl struc-
ture. One or two cyclohexyl structure(s) preferably exist(s) in
one molecule, and one 1,3,4-thiadiazole-2,5-diyl structure
preferably exists in one molecule.

<Polymerizable Liquid Crystal Compound (III)>

[0289] The polymerizable liquid crystal compound (III)
used in the polymer-stabilized liquid crystal composition of
the present invention is at least one kind of a polymerizable
compound (III) selected from the group consisting of com-
pounds represented by the general formula (III-a) shown
below:

[Chemical Formula 45]
(IlI-a)
R? R*
HzC=c—coo-z3—6c4-z4j—c5-25—oco—c=CHz
2

n

[0290] (in the formula (I1I-a), R* and R* each indepen-
dently represents a hydrogen atom or a methyl group,
[0291] C*and C? each independently represents a 1,4-phe-
nylene group, a 1,4-cyclohexylene group, a pyridine-2,5-diyl
group, 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, decahydronaphthalene-2,6-diyl group, a 1,2,3,4-tet-
rahydronaphthalene-2,6-diyl group, a 2,6-naphthylene
group, or an indan-2,5-diyl group (the 1,4-phenylene group,
the 1,2,3,4-tetrahydronaphthalene-2,6-diyl group, the 2,6-
naphthylene group, and the indan-2,5-diyl group among these
groups are unsubstituted, or can contain one, or two or more
fluorine atom(s), chlorine atom(s), methyl group(s), trifluo-
romethyl group(s) or trifluoromethoxy group(s) as substitu-
ent(s)).

[0292] Z? and Z° each independently represents a single
bond oran alkylene group of 1 to 15 carbon atoms (one, or two
or more methylene group(s) existing in the alkylene group
each independently may be substituted with oxygen atom(s),
—CO—, —COO—, or —OCO— in a manner that any oxy-
gen atoms are not directly bonded to each other, and one, or
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two or more hydrogen atom(s) existing in the alkylene group
each independently may be substituted with a fluorine atom,
a methyl group, or an ethyl group),

[0293] Z* represents a single bond, —CH,CH,—,
—CH,0—, —OCH,—, —CH,CH,0—, —OCH,CH,—,

—CH,CH,CH,0—, — OCH,CH,CH,—,
—CH,CH,0CO—, —COOCH,CH,—,
— CH,CH,COO—, —OCOCH,CH,—, —CH—CH
~(C=C-, —CF0-, —OCF,—, —COO—, or
—0CO—, and

[0294] n’represents 0, 1, or 2, and plural C* and Z* may be
the same or different when n? represents 2),

[0295] the general formula (I1I-b):

[Chemical Formula 46]
(III-b)

< l|{5 1 N )
|
—_—C— 6} 8_79 6_77 7 8 —_—=
CH,=C—COO-Z r C%-Z +C -Z —)—n3 C Z°-0CO—C=CH,, /s

[0296] (in the formula (III-b), R® and R® each indepen-
dently represents a hydrogen atom or a methyl group,
[0297] C° represents 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 indan-2,5-diyl group (the 1,4-phenylene group, the 1,23,
4-tetrahydronaphthalene-2,6-diyl group, the 2,6-naphthylene
group, and the indan-2,5-diyl group among these groups are
unsubstituted, or can contain one, or two or more fluorine
atom(s), chlorine atom(s), methyl group(s), trifluoromethyl
group(s), or trifluoromethoxy group(s) as substituent(s)),
[0298] (7 and C®each independently represents a benzene-
1,2,4-triyl group, a benzene-1,3,4-triyl group, a benzene-1,3,
5-triyl group, a cyclohexane-1,2,4-triyl group, a cyclohex-
ane-1,3,4-triyl group, or a cyclohexane-1,3,5-triyl group,
[0299] Z° and Z® each independently represents a single
bond or an alkylene group of 1 to 15 carbon atoms (one, or two
or more methylene group(s) existing in the alkylene group
each independently may be substituted with an oxygen atom,
—CO—, —COO—, or —OCO— in a manner that any oxy-
gen atoms are not directly bonded to each other, and one, or
two or more hydrogen atom(s) existing in the alkylene group
each independently may be substituted with a fluorine atom,
a methyl group, or an ethyl group),

[0300] Z7 and Z° each independently represents a single

bond, = —CH,CH,, —CHO -, —OCH,,
—CH,CH,0—, —OCH,CH,—, —CH,CH,CH,0—,
— OCH,CH,CH,—, — CH,CH,0CO—,
—COOCH,CH,—, — CH,CH,COO—,

—OCOCH,CH,—, —CH—CH—, —C—=C—, —CF,0—,
—OCF,—, —COO—, or —OCO—,
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[0301] n’represents O, 1, or 2, and plural C® and Z” may be
the same or different when n® represents 2, and

[0302] n’ and n® each independently represents 1, 2, or 3,
and
[0303] the general formula (II1-¢):

[Chemical Formula 47]

(III-c)
R7
|

[0304] (informula (III-c), R” represents a hydrogen atom or
a methyl group,
[0305] 6-memberedrings T", T* and T° each independently

represents any one of:

[Chemical Formula 48]

sle

NS

Y

\o)\o
e

@]

(F)m ( Ha)m

:
s

[0306]
[0307]
[0308] Y! and Y? each independently represents a single
bond, — CH,CH,—, —CH,0—, —OCH,—, —COO—,
—0Cc0—, —(C=(C—, —CH—CH—, —CF—CF—,
—(CH,);,—, —CH,CH,CH,0—, —OCH,CH,CH,—,
—CH,—CHCH,CH,—, or —CH,CH,CH—CH—,

[0309] Y? represents a single bond, —COO—, or
—OCO—, and

[0310]
atoms).

(in which m represents an integer of 1 to 4),

n® represents an integer of 0 or 1,

R® represents a hydrocarbon group of 1 to 18 carbon
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[0311] More specifically, it is preferred to use a compound
represented by either general formula (I1I-d) or (I1I-e):

[Chemical Formula 49]

7~ O(CHZ)’_YII‘@Y13>_©1
' Y Y!2—(CHy),0
(6]
(0]
A( YISOYM w(\
(0] (0]

[0312] (wherein, in the formula (I1I-d) and (II1I-e), m" rep-
resents O or 1,

[0313] Y'!andY'?each independently represents a single
bond, —O—, —OCO—, or —OCO—,

[0314] Y and Y'* each independently represents
—0CO— or —OCO—,

[0315] Y'° and Y'® each independently represents
—OCO— or —OCO—,

[Chemical Formula 50]

CH,==CHCOO(CH;);,0 (e/0]e]

CH,==CHCOO(CH,);,0 (el0]e]

COO

CH,==CHCOO(CH,),0

CH,==CHCOO(CH,);0 €00

CH,==CHCOO(CH,);0

P QR oC

CH,==CHCOO(CH,);0

29

ol
P

&
0

(el0]e] Q 0oCco

‘
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(ITI-d)

T

(Il-e)

[0316] randseachindependently represents an integer of 2
to 14, and a 1,4-phenylene group existing in formula is unsub-
stituted, or can contain one, or two or more fluorine atom(s),
chlorine atom(s), methyl group(s), trifluoromethyl group(s),
or trifluoromethoxy group(s) as substituent(s)), since an opti-
cally anisotropic body having excellent mechanical strength
and heat resistance is obtained.

[0317] Specific examples of the compound represented by
the general formula (I1I-a) include compounds (I1I-1) to (I1I-
10) shown below:

(III-1)
O(CH,);OCOCH=CH,

(I11-2)
0co O(CH,);OCOCH==CH,

(I11-3)
CH;

0Co O(CH,);0COCH=CH,

(I11-4)

NN

0CO

O(CH,);0COCH=—CH,

(II1-5)

O(CH,);0COCH=CH,
(I11-6)

0Co O(CH,);0COCH=CH,

.
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-continued
(IIL-7)

CH,==CHCOO(CH,),0 €00 O(CH,);0COCH=CH,

.

(I11-8)

CH,==CHCOO(CH,); €00 (CH,);0OCOCH=CH,

(I11-9)

CH,==CHCOO(CHy); o0 (CH,);0COCH=CH,

(II-10)

CH,==CHCOO(CH,); o0 (CH,);0COCH=CH,

0 Y

(II-11)
F

Q (CH,);0COCH=—CH,

[0318] (wherein j and k each independently represents an
integer of 2 to 14).

[0319] Specific examples of the compound represented by
either general formula (III-d) or (I1I-e) include compounds
(I11-12) to (I11-21) shown below:

CH,==CHCOO(CHy),;

[Chemical Formula 51]
(111-12)

CH,==CHCOO(CH,),0 Co0

0
>—©— O(CHy);0COCH =CH,
d

O(CH,);OCOCH ==CH,

o)
>—®— O(CH,);OCOCH ==CH,
o]
0
€00 >—©— O(CH,);0COCH ==CH,
o]

(II1-13)
CH,==CHCOO(CH,),0 €00
(I1-14)

CH,==CHCOO(CH,),0 Co0

00
.

&
o)
o)

(III-15)

CH,==CHCOO(CH,),0

0P oC
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-continued

CHZ—CHCOO(CHz)jO— & >—©—(CHZ),QCOCH—CHZ
CHZ—CHCOO(CH2)14®— @1 >—®—(CHZ)kOCOCH=cH2
0

0
CH2:CHCOO(CH2)j4®—COOAQ—\; >—©7(CH2)kOCOCH:CH2
o]

H;CO

o)
CH2=CHCOO(CH2)j4©7COO >—©—(CHZ)kOCOCH=CH2
o
al

CH,==CHCOO(CH,),0 ‘Q_\_QO Oo )_/—Q—O(CHZ) +OCOCH==CH,
0 ¢}

CH,==CHCOO(CH,); <©—\_<o Oo )_/—Qf(cm) LOCOCH==CII,
0 ¢}

[0320] (wherein j and k each independently represents an
integer of 2 to 14).

[0321] Specific examples of the compound represented by
the general formula (III-a) include compounds (1I1-22) to
(I11-30) shown below:

(I11-16)

(I1I-17)
(I1I-18)
(I11-19)

(I11-20)

(1I1-21)

[Chemical Formula 52]

CH,==CHCOO(CH,)0 @—ooo @— co0 OO(CHZ) LOCOCH=CH,
CIH,==CHCOO(CIL,) j4©»oco @COO 4©— (CH,),0COCH==CH,

(III-22)

(I11-23)

(I11-24)

CH;
CH,==CHCOO(CH,),0 O—ooo O— €00 —QO(CHZ)kOCOCH=CH2
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-continued
(II1-25)
CH;

CH2=CHCOO(CH2)j©—oco COOO—(CHZ) LOCOCH==CH,
CH2=CHCOO(CH2)jOOOCO OQO(CHZ)kOCOCHCHZ

CH,==CHCOO(CH,) j—©— 0Co Q €00 4©— (CH,);0COCH==CH,
CH2=CHCOO(CH2)jo©—oco COOOO(CHZ)kOCOCH=CH2
CH,==CHCOO(CH,) j@ 0Co €00 @— (CH,);0COCH=—CH,

CH;

CH2=CHCOO(CH2)jocoo©—COO c004<;>—OCOO(CHZ),(ococH:cH2

[0322] (wherein j and k each independently represents an
integer of 2 to 14).

[0323] Specific examples of the compound represented by
the general formula (I1I-b) include compounds (I1I-31) and
(I11-32) shown below.

(I11-26)
(I1-27)

(I11-28)
(I11-29)

(I11-30)

[Chemical Formula 53]

(1I1-31)
O(CH,);0COCH=CH,

CH2=CHCOO(CH2)jooco O(CH,);0COCH=CH,

CH,==CHCOO(CH,),0, O(CH,);OCOCH=CH,

o)
CH,==CHCOO(CH,),0 c004©1 O(CH,);0COCH=CH,
o

(111-32)



US 2010/0149446 Al
33

[0324] (wherein j and k each independently represents an
integer of 2 to 14).

<Chiral Compound (IV)>

[0325] The chiral compound (IV) used in the polymer-
stabilized liquid crystal composition of the present invention

is a chiral compound (IV) represented by the general formula
(IV-a) or (IV-b):

[Chemical Formula 54]

(IV-2)
R9_6C8_29ﬁ;rc9_Y4_X4

(IV-b)
XS_YS—fCS_Zgﬁzs—CQ _Y4_X4

[0326] (in the formula (IV-a) and (IV-b), R® represents an
alkyl group of 1 to 18 carbon atoms or an alkenyl group of 2
to 18 carbon atoms (one, or two or more methylene group(s)
existing in the alkyl group or an alkenyl group each indepen-
dently may be substituted with an oxygen atom in a manner
that any oxygen atoms are not directly bonded to each other),
[0327] C?®and C® each independently represents a 1,4-phe-
nylene group, a 1,4-cyclohexylene group, or a pyrimidine-2,
5-diyl group (the 1,4-phenylene group or the 1,4-cyclohexy-
lene group among these groups are unsubstituted, or can
contain one, or two or more fluorine atom(s), chlorine atom
(s), methyl group(s), cyano group(s), trifluoromethyl group
(s), or trifluoromethoxy group(s) as substituent(s)),

[0328] Z° represents a single bond, —CH,CH,—,
—C=C—, —CF,0—, —COO—, or —OCO—,

[0329] Y* and Y each independently represents a single
bond, an oxygen atom, an alkylene group of 1 to 14 carbon
atoms, —OCH,—, —COO—, —OCO—, —OCH,CH,—,
or —OCOCH,—,

[0330] n’ represents O, 1, or 2, provided that plural C® and
7° may be the same or different when n> represents 2, and
[0331] X* and X® each independently represents a group
represented by any one of general formulas (IV-c) to (IV-h):

[Chemical Formula 55]

(IV-¢c)

XC
|
_(lj*_Rt‘
H
(IV-d)
o
_T*_Zd_T*_Rd
H Y4
IV-¢)
Ze
AN
—C—C"—R*
s
; (Iv-H)
7 RS
/

Jun. 17, 2010

-continued
IV-g)

7Z8 RE
\Q/

Xh
O *
‘é Ny
(6}
[0332] (provided that the symbol * represents that a carbon
atom is an asymmetric carbon in formulas (IV-c) to (IV-h),
[0333] Re,R%R® R/, and R® each independently represents
an alkyl group of 2 to 20 carbon atoms (one, or two or more
methylene group(s) existing in the alkyl group each indepen-
dently may be substituted with an oxygen atom, —CO—,
—COO—, or —OCO— in a manner that any oxygen atoms
are not directly bonded to each other),
[0334] X<, X and Y9 each independently represents a fluo-
rine atom, a chlorine atom, a methyl group, or a cyano group,
[0335] X°andY*eachindependently represents a hydrogen
atom, a fluorine atom, a chlorine atom, a methyl group, or a
cyano group,
[0336] X" andY” each independently represents a fluorine
atom, a chlorine atom, a methyl group, or a cyano group,
[0337] Z7 represents a single bond or a methylene group,
[0338] Z-representsanoxygenatomora group represented
by —OC(R*")(R**)O— (in which R?! and R** each indepen-
dently represents a hydrogen atom or an alkyl group of 1 to 18
carbon atoms),
[0339] 7 represents a carbonyl group or a group repre-
sented by —CH(R™)— (in which R’ represents a hydrogen
atom or an alkyl group of 1 to 18 carbon atoms), and
[0340] Z# represents OCO—, —COO—, —CH,O0—, or
—OCH,—)).
[0341] When Y* and Y® are alkylene groups, a methylene
group is particularly preferred among alkylene groups so as to
obtain a short spiral pitch for canceling large spontaneous
polarization or twist. X* and X? are preferably (IV-c) or (IV-¢)
so as to exhibit large spontaneous polarization to obtain sat-
isfactory alignment, and thus a stable liquid crystal phase is
exhibited. Among these, particularly preferred (IV-c) or (IV-
e) is that with X° of a fluorine atom or a methyl group, or Z°
of'an oxygen atom. The chiral molecule may be a single kind,
or plural kinds. It is necessary to increase a pitch of a choles-
teric phase and a chiral smectic phase as long as possible so as
to obtain satisfactory alignment. For achieving the purpose, it
is preferred to extend the pitch by canceling it in combining
plural chiral compounds with different chirality of the pitch.
In that case, it is preferred to select chiral compounds having
an identical sign so as not to cancel spontaneous polarization,
or combining that with large spontaneous polarization and
that with small spontaneous polarization even if the signs of
the spontaneous polarization are reverse so as to obtain suf-
ficient spontaneous polarization on balance. It is also impor-
tant to select a chiral material which gives satisfactory align-
ment without canceling a pitch. For the purpose thereof, a
compound in which X¢ is a fluorine atom is preferred.

(IV-h)

<Composition Ratio of Polymer-Stabilized Liquid Crystal
Composition>

[0342] The polymer-stabilized liquid crystal composition
of'the present invention is composed of a non-polymerizable
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low-molecular liquid crystal compound represented by a
compound (II), a chiral compound (IV), and polymerizable
compounds represented by a polymerizable compound (I)
and a polymerizable compound (III). Regarding a composi-
tion ratio of the total of the non-polymerizable low-molecular
liquid crystal compound and the chiral compound to the poly-
merizable compound, there is an optimum composition ratio,
since when the proportion of the polymerizable compound is
too high, characteristics as a polymer-stabilized liquid crystal
composition is damaged. Specifically, the total of the non-
polymerizable low-molecular liquid crystal compound and
the chiral compound is preferably from 92% to 99.9%, more
preferably from 92% to 99%, and particularly preferably
from 94% to 98%.

[0343] The polymer-stabilized liquid crystal composition
of the present invention preferably contains 92 to 99.9% by
mass of a liquid crystal composition containing, as the low-
molecular liquid crystal compound represented by the gen-
eral formula (II-a) or (II-b), at least one kind of the com-
pounds represented by the general formula (V-a), general
formula (VI-a), general formula (VI-b), general formula
(VII-a), general formula (VII-b), general formula (VIII-a),
general formula (IX-a) and general formula (X), and 0.1 to
8% of a polymerizable composition containing compounds
represented by the general formulas (I-a) and (IlI-a), more
preferably contains 92 to 99% of the liquid crystal composi-
tion and 1 to 8% by mass of the polymerizable composition,
and particularly preferably contains 94 to 98% of the liquid
crystal composition and 2 to 6% by mass of the polymerizable
composition.

[0344] The liquid crystal composition preferably contains
5 t0 90% of a compound represented by the general formula
(VIII-a) or general formula (X). The compound represented
by the general formula (X) preferably contains 50 to 99% of
a group of compounds represented by the general formula
(X-a), general formula (X-b), and general formula (X-c). Itis
preferred to use a group of compounds represented by the
general formula (V-a), general formula (VI-a), general for-
mula (VI-b), general formula (VII-a), and general formula
(VII-b), and that represented by the general formula (V1II-a)
and general formula (IX-a) so as to obtain basic physical
properties of the objective liquid crystal composition. Since it
is necessary to adjust the basic physical properties such as
refractive index anisotropy, dielectric anisotropy, elastic con-
stant, phase series of a liquid crystal phase, temperature range
of a liquid crystal phase, spontaneous polarization and the
like for practical use, compounds are used after selecting
according to the purposes.

[0345] The polymer-stabilized liquid crystal composition
ofthe present invention preferably exhibits a smectic phase at
room temperature. The smectic phase is more preferably a
chiral smectic C phase, and the chiral smectic C phase is
particularly preferably a ferroelectric liquid crystal phase.
[0346] Inthe polymer-stabilized liquid crystal composition
of the present invention, it is preferred that the content of the
polymerizable compound (III) is from 0.05% to 7%, and a
composition ratio (III):(I) of the polymerizable compound
(IIT) to the polymerizable compound (I) is from 1:1 to 49:1.
[0347] Inthe present invention, in addition to the polymer-
izable liquid crystal compound (I1I), a polyfunctional liquid
crystalline monomer can be added. Examples of a polymer-
izable functional group of the polyfunctional liquid crystal-
line monomer include an acryloyloxy group, a methacryloy-
loxy group, an acrylamide group, a methacrylamide group, an
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epoxy group, a vinyl group, a vinyloxy group, an ethynyl
group, a mercapto group, a maleimide group,
CICH—CHCONH—, CH,—CCl—, CHCl=—CH—, and
RCH—CHCOO— (in which R is chlorine, fluorine, or a
hydrocarbon group of 1 to 18 carbon atoms). Among these
polymerizable functional groups, an acryloyloxy group, a
methacryloyloxy group, an epoxy group, a mercapto group,
and a vinyloxy group are preferred, a methacryloyloxy group
or an acryloyloxy group are particularly preferred, and an
acryloyloxy group is most preferred.

[0348] A molecular structure of the polyfunctional liquid
crystalline monomer preferably possesses a liquid crystal
skeleton having two or more ring structures, a polymerizable
functional group, and at least two flexibility groups capable of
connecting a liquid crystal skeleton with a polymerizable
functional group. The structure with three flexibility groupsis
more preferred. Examples of the flexibility group include an
alkylene spacer group represented by —(CH,),— (in which
n represents an integer) and a siloxane spacer group repre-
sented by —(Si(CH,),—O),—(in which n represents an inte-
ger). Among these groups, an alkylene spacer group is pre-
ferred. A bond such as O—, —COO— or —CO— may exist
at a bonded portion of the flexibility group and the liquid
crystal skeleton or the polymerizable functional group.

[0349] The liquid crystal skeleton can be used without any
limitation as long as itis usually recognized as a liquid crystal
skeleton (mesogen) in this technical field, and preferably has
atleast two or more ring structures. Examples of the ring used
as the ring structure include benzene, pyridine, pyrazine,
pyridazine, pyrimidine, 1,2,4-triazine, 1,3,5-triazine, tetra-
zine, dihydrooxazine, cyclohexane, cyclohexene, cyclohexa-
diene, cyclohexanone, piperidine, piperazine, tetrahydropy-
ran, dioxane, tetrahydrothiopyran, dithian, oxathian,
dioxaborinane, naphthalene, dioxanaphthalene, tetrahy-
dronaphthalene, quinoline, cumarin, quinoxaline, decahy-
dronaphthalene, indan, benzooxazole, benzothiazole,
phenanthrene, dihydrophenanthrene, perhydrophenanthrene,
dioxaperhydrophenanthrene, fluorene, fluorenone, cyclohep-
tane, cycloheptatrienone, cholestene, bicyclo[2.2.2]octane or
bicyclo[2.2.2]octene, 1,5-dioxaspiro(5.5)undecane, 1,5-
dithiaspiro(5.5)undecane, triphenylene, truxene, porphyrin,
and phthalocyanine. Among these, benzene, cyclohexane,
phenanthrene, naphthalene, tetrahydronaphthalene, and
decahydronaphthalene are preferred. These rings may be sub-
stituted with one or more groups of an alkyl group of 1 to 7
carbon atoms, an alkoxy group, an alkanoyl group, a cyano
group, or a halogen atom. The alkyl group is preferably a
methyl group, an ethyl group, an n-propyl group, or an n-butyl
group, and particularly preferably a methyl group or an ethyl
group. The alkoxy group is preferably a methoxy group, an
ethoxy group, a propoxy group, or a butoxy group, the
alkanoyl group is preferably an acetyl group, a propionyl
group or a butyroyl group, and the halogen atom is preferably
a fluorine atom, a bromine atom, or a chlorine atom, particu-
larly preferably a fluorine atom or a chlorine atom. In addition
to the polyfunctional liquid crystalline monomer, a mono-
functional liquid crystalline monomer may be added.

[0350] These liquid crystal compositions may be subjected
to a purification treatment with silica, alumina or the like for
the purpose of removing impurities, or further increasing a
specific resistance value. The specific resistance value is pref-
erably 10"* Q-cm or more, and more preferably 10** Q-cm or
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more. Furthermore, a dopant such as a chiral compound and
adye can be added in the liquid crystal composition according
to the purposes.

[0351] If necessary, antioxidants, ultraviolet absorbers,
non-reactive oligomers, inorganic fillers, organic fillers, poly-
merization inhibitors, defoamers, leveling agents, plasticiz-
ers, and silane coupling agents may be appropriately added.

[0352] The polymer-stabilized liquid crystal composition
of the present invention is composed of a non-polymerizable
low-molecular liquid crystal compound represented by a
compound (II), a chiral compound (IV), and polymerizable
compounds represented by a polymerizable compound (I)
and a polymerizable compound (III). When the polymer-
stabilized liquid crystal composition is polymerized, it pref-
erably contains a polymerization initiator. When the polymer-
ization initiator is contained, it is preferred that the polymer-
stabilized liquid crystal composition contains 98 to 99.9% of
materials other than the polymerization initiator, and also
contains 0.1 to 2% of the polymerization initiator.

<Polymerization Method of Polymer-Stabilized Liquid Crys-
tal Composition>

[0353] As the method for polymerizing a composition for a
polymer-stabilized liquid crystal display device of the present
invention, a radical polymerization method, an anionic poly-
merization method, a cationic polymerization method or the
like can be applied, but polymerization is preferably con-
ducted by a radical polymerization method.

[0354] As the radical polymerization initiator, a thermopo-
lymerization initiator and a photopolymerization initiator can
be used, but the photopolymerization initiator is preferred.
Specifically, preferred compounds are as follows:

[0355] acetophenone-based photopolymerization initiators
such as diethoxyacetophenone, 2-hydroxy-2-methyl-1-phe-
nylpropan-1-one, benzyl dimethyl ketal, 1-(4-isopropylphe-
nyl)-2-hydroxy-2-methylpropan-1-one, 4-(2-hydroxy-
ethoxy)phenyl-(2-hydroxy-2-propyl)ketone,
1-hydroxycyclohexyl-phenylketone, 2-methyl-2-mor-
pholino(4-thiomethylphenyl)propan-1-one, and 2-benzyl-2-
dimethylamino-1-(4-morpholinophenyl)-butanone;

[0356] benzoin-based photopolymerization initiators such
as benzoin, benzoin isopropyl ether, and benzoin isobutyl
ether;

[0357] acylphosphine oxide-based photopolymerization
initiators such as 2,4,6-trimethylbenzoyldiphenylphosphine
oxide;

[0358] benzyl- and methylphenylglyoxy ester-based pho-
topolymerization initiators;

[0359] benzophenone-based photopolymerization initia-
tors such as benzophenone, methyl o-benzoylbenzoate,
4-phenylbenzophenone, 4,4'-dichlorobenzophenone,
hydroxybenzophenone, 4-benzoyl-4'-methyl-diphenyl sul-
fide, acrylated benzophenone, 3,3',4,4'-tetra(t-butylperoxy-
carbonyl)benzophenone, 3,3'-dimethyl-4-methoxyben-
zophenone;

[0360] thioxanthone-based photopolymerization initiators
such as 2-isopropylthioxanthone, 2,4-dimethylthioxanthone,
2,4-diethylthioxanthone, and 2,4-dichlorothioxanthone;
[0361] aminobenzophenone-based photopolymerization
initiators such as Michler ketone, and 4,4'-diethylaminoben-
zophenone; and
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[0362] 10-butyl-2-chloroacridone, 2-ethylanthraquinone,
9,10-phenanthrenequinone, and camphorquinone. Among
these photopolymerization initiators, benzyl dimethyl ketal is
most preferred.

<Liquid Crystal Display Device>

[0363] The liquid crystal display device of the present
invention is either a polymer-stabilized liquid crystal display
device in which a low-molecular liquid crystal is immobilized
by dispersing polymers in a liquid crystal in the form of
nanoparticles, or a polymer-stabilized liquid crystal display
device in which a three-dimensional network of polymer
chains is formed in a liquid crystal, wherein a low-molecular
liquid crystal-dispersed structure in the polymers is obtained
by subjecting the polymer-stabilized liquid crystal composi-
tion to ultraviolet exposure so as to polymer-stabilize align-
ment of the low-molecular liquid crystal.

[0364] When the polymer-stabilized liquid crystal compo-
sition is subjected to ultraviolet exposure, it is preferred to
perform ultraviolet exposure while applying an alternating
current to the polymer-stabilized liquid crystal composition.

[0365] Itis also preferred to perform ultraviolet exposure at
a temperature at which a liquid crystal phase of a low-mo-
lecular liquid crystal exhibits a chiral smectic C phase while
applying an alternating current. The alternating current to be
applied is preferably an alternating current having a fre-
quency of 500 Hz to 10 kHz, and more preferably a square
wave having a frequency of 1 kHz to 10 kHz.

[0366] More preferably, ultraviolet exposure is conducted
at a temperature at which a liquid crystal phase of a low-
molecular liquid crystal exhibits a chiral smectic C phase
while applying a square wave of a frequency of 1 kHz to 10
kHz at a voltage of £15V or less.

[0367] More preferably, ultraviolet exposure is conducted
at a temperature of (T-40)° C. or higher and (T+5)° C. or
lower, and 35° C. or higher, where T (° C.) denotes a phase
transition temperature between a smectic A phase and a chiral
smectic C phase of the polymer-stabilized liquid crystal com-
position, while applying an alternating current to the poly-
mer-stabilized liquid crystal composition.

[0368] In the ultraviolet exposure, it is desired to irradiate
the composition with ultraviolet rays of 1,000 mJ/cm?® or
more.

[0369] The liquid crystal display device of the present
invention can be applied to a liquid crystal display device
which is operated by an active device such as a thin film
transistor device, a metal-insulator-metal device and a thin
film diode device. Particularly, when a storage capacity is
connected in parallel between the active device and a liquid
crystal pixel electrode, Cs/Cfls is preferably 0.1 or more and
3 or less, where Cflc denotes an electrostatic capacity of a
liquid crystal pixel electrode and Cs denotes a storage capac-
ity.

[0370] The liquid crystal display device of the present
invention has a feature such as a high response speed and is
therefore suited for a liquid crystal display device by a field
sequential system capable of realizing high luminance and
high resolution without using a color filter, as well as enabled
to apply for a stereoscopic display or other purposes. Further-
more, the liquid crystal display device of the present inven-
tion can be suitably used for a portable equipment, an on-
vehicle equipment or the like.
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EXAMPLES

[0371] The present invention will be specifically explained
by Examples, but the present invention is not limited only to
these Examples. Unless otherwise specified, “%” is “% by
mass”.

(Production of Polymer-Stabilized Liquid Crystal Display
Device and Evaluation Method)

[0372] The polymer-stabilized liquid crystal display device
in Examples was produced by the following method.

[0373] A polymer-stabilized liquid crystal composition
was injected by a vacuum injection method by heating it at a
nematic phase transition temperature or higher. As for a cell,
an alignment cell of a parallel rubbing with ITO, which is
coated with a polyimide alignment film having a cell gap of 2
um, was used so as to obtain uniaxial alignment (homoge-
neous alignment) of a liquid crystal.

[0374] A light control layer-forming material comprising a
liquid crystal composition, a radical polymerizable composi-
tion, a photopolymerization initiator and a trace amount of
polymerization inhibitor was injected into a glass cell by a
vacuum injection method. The degree of vacuum was set at 2
pascals. After injection, the glass cell was taken out and an
injection inlet was sealed with a sealing agent 3026E (manu-
factured by ThreeBond Co., Ltd.). After confirming uniaxial
alignment using a polarizing microscope of a cross-Nichols,
a square wave of 5V was applied on and off at a frequency 2
KHz and ultraviolet rays were introduced to a liquid crystal
cell installed on a microscope stage using an optical fiber of
quartz glass through an ultraviolet ray cut filter L-37 (manu-
factured by HOYA CANDEO OPTRONICS CO.,LTD.), thus
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exposing the liquid crystal cell to ultraviolet rays. The poly-
mer-stabilized liquid crystal composition was irradiated with
a metal halide lamp for 300 seconds, whose irradiation inten-
sity was adjusted to 5 mW/cm? on a surface of a cell sample
s0 as to polymerize the polymerizable compound in the com-
position, thus obtaining a polymer-stabilized liquid crystal
display device.

[0375] After turning off the voltage applied, it was exam-
ined whether or not bent alignment obtained by application of
the voltage is maintained under zero electric field as aresult of
polymer stabilization by observing an alignment state after
ultraviolet exposure using a polarizing microscope. Further-
more, 8V was applied to a cell which was polymer-stabilized
by disposing it on a microscope stage so that a rubbing direc-
tion of the liquid crystal cell was adjusted at an angle of 45
degrees to a polarized light direction on a light incidence side,
and then a transmittance was compared. The transmittance
was defined as 0% when two polarizing plates were inter-
sected at right angles, whereas, 100% when placed in parallel.

(Preparation of Polymer-Stabilized Liquid Crystal Composi-
tion)

[0376] A polymer-stabilized liquid crystal composition
was prepared by mixing a liquid crystal composition FLC-1
containing a chiral liquid crystal compound with a photopo-
lymerizable acrylate composition containing at least one kind
of compound selected from groups of compounds (I) and
(I1D), respectively.

[0377] Structures and compositions of the respective com-
ponents of a low-molecular liquid crystal composition FL.C-1
are shown below.

[Chemical Formula 56]

(FLC-1)

N 5%
H3C(H2C)7O{ \>—<;>—O(CHZ)7CH3
—N
N 5%
H3C(HZC)SO—<: \>—©—O(CH2)SCH3
=N
N 5%
H3C(HZC)7O{ \>—©7O(CH2)5CH3
—N
N 5%
H3C(H2C)7O{ \>—<;>—O(CHZ)QCH3
—N
/ N 10%
HJC(HZC)7{ \>_©70(CH2)7CH3
=N
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-continued

[Chemical Formula 56]

/ N 10%
H3C<H2C>7{ \>—©7O<CH2>9CH3
—N
/ N 10%
H3C(H2C)9{ \>_©7O(CH2)7CH3
—N
N 10%
Hsc<HZC>s~<: \>—©7O<CH2)SCH3
—N
N 10%
H3C(H2C)s{ \>_®70(CH2)8CH3
—N

E F 10%
N
H3C(H2C)84<: \ O(CH,)¢CH;
—N

E F
/ N
Hsc<HZC>s{ N O(CHy)CH;
—N
NC 10%
0] F
H3C(H2C)6 \ <

(CH,)sCHs

10%

[0378] Structures and compositions of an acrylate com-
pound (I-1), and mixtures of the acrylate compounds (I1I-AA)
and (I1I-BB) are shown below.

[Chemical Formula 57]

P NN
O O
/\H/O O\H/\/\)‘\O/QE\O)J\/
(0] (6]
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-continued

[Chemical Formula 58]

(II-AA)

A OAAANG s

(¢]

O

[Chemical Formula 59]

(III-BB)

CH2=CHC004©7CE @—CSH“

\)J\O/\/\/\/O\QJ\O/@\/\O)OKQ/O\/\/\/\O)OK/

50%

(6]

50%

50%

50%

Comparative Example 1

[0379] A polymer-stabilized liquid crystal composition
was prepared by mixing 94% of a liquid crystal composition
FLC-1 and 6% of a compound (III-AA), and a liquid crystal
display device was produced by polymerize an acrylate com-
pound in the polymer-stabilized liquid crystal composition by
the above method for producing a polymer-stabilized liquid
crystal display device. An applied voltage Vr50 at a transmit-
tance of 50% and an applied voltage Vr90 at a transmittance
of 90% were measured at a temperature within a range from
-510 60° C. The results are shown in Table 1.

TABLE 1
Comparative Example 1
Temperature (° C.) Vr50 (V) V90 (V)

-5 5.66 8.65

0 5.51 8.36
10 4.52 7.29
25 2.13 4.46
40 1.90 4.62
60 0.25 0.45
AV 3.76 4.03

AV is Vr (-5° C.) - Vr (40° C.)

Example 1

[0380] A polymer-stabilized liquid crystal composition
was prepared by mixing 94% of a liquid crystal composition
FLC-1, 5.4% of a compound (III-AA) and 0.6% of a com-
pound (I-1), and a liquid crystal display device was produced
by polymerize an acrylate compound in the polymer-stabi-
lized liquid crystal composition by the above method for
producing a polymer-stabilized liquid crystal display device.

An applied voltage Vr50 at a transmittance of 50% and an
applied voltage Vr90 at a transmittance of 90% were mea-
sured at a temperature within a range from -5 to 50° C. The
results are shown in Table 2.

TABLE 2
Example 1
Temperature (° C.) Vr30 (V) Vo0 (V)
-5 3.06 6.60
0 2.99 6.67
10 2.67 6.67
25 2.75 6.77
50 2.48 6.75
AV 0.58 -0.15

AV is Vr (-5° C.) - Vr (50° C.)

[0381] As is apparent from a comparison between Table 1
and Table 2, the polymer-stabilized liquid crystal composi-
tion, which does not contain a compound of the formula (I-1)
as a compound represented by the general formula (I-a), of
Comparative Example 1 is excellent in Vr at a high tempera-
ture, but Vr drastically increases at a low temperature which
is an issue in outdoor use. Furthermore, as is apparent from a
comparison between FIG. 1 and FIG. 2, the polymer-stabi-
lized liquid crystal composition of Example 1 has stable Vrin
a wide temperature range.

Example 2

[0382] A polymer-stabilized liquid crystal composition
was prepared by mixing 97% of a liquid crystal composition
FLC-1, 0.49% of a compound (III-AA), 2.205% of a com-
pound (I-1) and 0.305% of Irgacure 651 (Irg651), and a liquid
crystal display device was produced by polymerize an acry-
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late compound in the polymer-stabilized liquid crystal com-
position by the above method for producing a polymer-stabi-
lized liquid crystal display device. An applied voltage Vr50 at
a transmittance of 50% and an applied voltage Vr90 at a
transmittance of 90% were measured at a temperature within
a range from -5 to 50° C. The results are shown in Table 3.

TABLE 3
Example 2
Temperature (° C.) Vr50 (V) V90 (V)
-5 2.11 5.54
0 2.36 6.16
10 1.83 4.25
25 1.65 3.35
40 1.53 3.13
50 1.62 2.70
AV 0.49 2.84

AV is Vr (=5° C.) = Vr (50° C.)

[0383] As is apparent from a comparison between Table 1
and Table 3, the polymer-stabilized liquid crystal composi-
tion containing a compound of the formula (I-1) as a com-
pound represented by the general formula (I-a) of Example 2
has low Vr at a low temperature. As is apparent from a com-
parison between FIG. 1 and FIG. 3, the polymer-stabilized
liquid crystal composition of Example 2 has stable Vr in a
wide temperature range.

Example 3

[0384] A polymer-stabilized liquid crystal composition
was prepared by mixing 94% of a liquid crystal composition
FLC-1, 4.41% of a compound (III-AA), 1.47% of a com-
pound (I-1) and 0.12% of Irgacure 651 (Irg651), and a liquid
crystal display device was produced by polymerize an acry-
late compound in the polymer-stabilized liquid crystal com-
position by the above method for producing a polymer-stabi-
lized liquid crystal display device. An applied voltage Vr50 at
a transmittance of 50% and an applied voltage Vr90 at a
transmittance of 90% were measured at room temperature. As
aresult, Vr50 was 1.5V and Vr90 was 5.3 V.

Example 4

[0385] A polymer-stabilized liquid crystal composition
was prepared by mixing 94% of a liquid crystal composition
FLC-1, 5.29% of a compound (III-AA), 0.59% of a com-
pound (I-1) and 0.12% of Irgacure 651 (Irg651), and a liquid
crystal display device was produced by polymerize an acry-
late compound in the polymer-stabilized liquid crystal com-
position by the above method for producing a polymer-stabi-
lized liquid crystal display device. An applied voltage Vr50 at
a transmittance of 50% and an applied voltage Vr90 at a
transmittance of 90% were measured at room temperature. As
aresult, Vr50 was 3.4 V and Vr90 was 7.7 V.

Comparative Example 2

[0386] A polymer-stabilized liquid crystal composition
was prepared by mixing 94% of a liquid crystal composition
FLC-1,5.88% ofa compound (III-AA) and 0.12% of Irgacure
651 (Irg651), and a liquid crystal display device was pro-
duced by polymerize an acrylate compound in the polymer-
stabilized liquid crystal composition by the above method for
producing a polymer-stabilized liquid crystal display device.
An applied voltage Vr50 at a transmittance of 50% and an
applied voltage Vr90 at a transmittance of 90% were mea-
sured at room temperature. As a result, Vr50 was 5.1 V and
Vr90 was 8.7 V.

Comparative Example 3

[0387] A polymer-stabilized liquid crystal composition
was prepared by mixing 94% of a liquid crystal composition
FLC-1,5.88% of a compound (I1I-BB) and 0.12% of Irgacure
651 (Irg651), and a liquid crystal display device was pro-
duced by polymerize an acrylate compound in the polymer-
stabilized liquid crystal composition by the above method for
producing a polymer-stabilized liquid crystal display device.
An applied voltage Vr50 at a transmittance of 50% and an
applied voltage Vr90 at a transmittance of 90% were mea-
sured at room temperature. As a result, Vr50 was 5.2 V and
Vr90 was 159 V.

[0388] The results of Example 3, Example 4, Comparative
Example 2 and Comparative Example 3 are shown in Table 4
and FIG. 4.

TABLE 4
Liquid crystal Compound (III) compound (I) PI (IIT):(T)
(concentration) (concentration) (concentration) (concentration) compositionratio V30 (V) V90 (V)
Example 3 FLC-1 (ITI-AA) (I-1) Irg651 75:25 1.5 5.3
(94%) @.41%) (1.47%) (0.12%)
Example 4 FLC-1 (ITI-AA) (I-1) Irg651 90:10 34 7.7
(94%) (5.29%) (0.59%) (0.12%)
Comparative FLC-1 (IIT-AA) None Irg651 100:0 5.1 8.7
Example 2 (94%) (5.88%) (0%) (0.12%)
Comparative FLC-1 (III-BB) None Irg651 100:0 52 15.9
Example 3 (94%) (5.88%) (0%) (0.12%)
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[0389] As shown in Table 4 and FIG. 4, Vr was large in
Comparative Example 2 and 3 in which polymerization was
conducted without mixing the compound (I-1), whereas, Vr
could be decreased in Examples 3 and 4 in which polymer-
ization was conducted after mixing the compound (I-1).

[0390] Temperature changes of Vr90 and Vr50 of Com-
parative Example 3 are shown in Table 5 and FIG. 5.
TABLE 5
Temperature (° C.) Vr50 (V) V90 (V)
-5 4.33 13.02
0 4.31 13.65
10 4.44 14.40
25 5.20 15.91
40 7.69 18.41

[Chemical Formula 60]

O(CHy) OHO
/\”/ b Q Q \H/@O(CHz)GO
(0] (@]

[Chemical Formula 61]
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TABLE 5-continued

Temperature (° C.) V150 (V) Vo0 (V)
50 12.41 21.71
AV 8.07 8.69
AV is Vr (=5° C.) - Vr (50° C.)
Example 5

[0391] A polymer-stabilized liquid crystal composition
was prepared by mixing 98% of a liquid crystal composition
FLC-1, 0.98% of a compound (III-CC), 0.98% of a com-
pound (I-3) and 0.04% of Irgacure 651 (Irg651), and a liquid
crystal display device was produced by polymerize an acry-
late compound in the polymer-stabilized liquid crystal com-
position by the above method for producing a polymer-stabi-
lized liquid crystal display device. An applied voltage Vr50 at
a transmittance of 50%, an applied voltage Vr90 at a trans-
mittance of 90% and a tilt angle were measured at room
temperature. The results are shown in Table 6.

(III-CC)

O(CH,)6O

e

(I-3)
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Comparative Example 4

[0392] A polymer-stabilized liquid crystal composition
was prepared by mixing 98% of a liquid crystal composition
FLC-1, 1.96% of a compound (III-CC) and 0.04% of Irgacure
651 (Irg651), and a liquid crystal display device was pro-
duced by polymerize an acrylate compound in the polymer-
stabilized liquid crystal composition by the above method for
producing a polymer-stabilized liquid crystal display device.
An applied voltage Vr50 at a transmittance of 50%, an applied
voltage Vr90 at a transmittance of 90% and a tilt angle were
measured at room temperature. The results are shown in Table
6.

TABLE 6
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FLC-1, 2.42% of a compound (III-AA), 0.52% of a com-
pound (I-1) and 0.06% of Irgacure 651 (Irg651), and a liquid
crystal display device was produced by polymerize an acry-
late compound in the polymer-stabilized liquid crystal com-
position by the above method for producing a polymer-stabi-
lized liquid crystal display device. An applied voltage Vr90 at
a transmittance of 90% and an applied voltage Vr95 at a
transmittance of 95% were measured at room temperature.

Example 7

[0395] A polymer-stabilized liquid crystal composition
was prepared by mixing 97% of a liquid crystal composition

Liquid crystal Compound (III) Compound (I) Tilt angle
(concentration) (concentration) (concentration) Irgacure 651 V50 (V) Vr90 (V) )
Example 5 FLC-1 (III-CC) (1-3) 0.04% 23 6.7 24
(98%) (0.98%) (0.98%)
Comparative FLC-1 (II1-CC) None 0.04% 3.0 7.6 154
Example 4 (98%) (2%) (0%)
[0393] In Comparative Example in which the compound FLC-1, 2.42% of a compound (III-AA), 0.52% of a com-

(I-3) is not used, Vr remarkably increases when compared
with Example 5, and also the tilt angle remarkably decreases.

Example 6

[0394] A polymer-stabilized liquid crystal composition
was prepared by mixing 97% of a liquid crystal composition

[Chemical Formula 62]

O

pound (I-2) and 0.06% of Irgacure 651 (Irg651), and a liquid
crystal display device was produced by polymerize an acry-
late compound in the polymer-stabilized liquid crystal com-
position by the above method for producing a polymer-stabi-
lized liquid crystal display device. An applied voltage Vr90 at
a transmittance of 90% and an applied voltage Vr95 at a
transmittance of 95% were measured at room temperature.

-2)

O.
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Example 8

[0396] A polymer-stabilized liquid crystal composition
was prepared by mixing 97% of a liquid crystal composition
FLC-1, 2.42% of a compound (III-AA), 0.52% of a com-
pound (I-3) and 0.06% of Irgacure 651 (Irg651), and a liquid
crystal display device was produced by polymerize an acry-
late compound in the polymer-stabilized liquid crystal com-
position by the above method for producing a polymer-stabi-
lized liquid crystal display device. An applied voltage Vr90 at
a transmittance of 90% and an applied voltage Vr95 at a
transmittance of 95% were measured at room temperature.
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Comparative Example 5

[0397] A polymer-stabilized liquid crystal composition
was prepared by mixing 97% of a liquid crystal composition
FLC-1,2.94% ofa compound (III-AA) and 0.06% of Irgacure
651 (Irg651), and a liquid crystal display device was pro-
duced by polymerize an acrylate compound in the polymer-
stabilized liquid crystal composition by the above method for
producing a polymer-stabilized liquid crystal display device.
An applied voltage Vr90 at a transmittance of 90% and an
applied voltage Vr95 at a transmittance of 95% were mea-
sured at room temperature.

[0398] The results of Example 6, Example 7, Example 8
and Comparative Example 5 are shown in Table 7.

TABLE 7
Liquid crystal Compound (III) Compound (I) PI
(concentration) (concentration) (concentration) (concentration) Vr90 (V) V95 (V)
Example 6 FLC-1 (II-AA) 1-1) Irg651 4.7 6.1
(97%) (2.42%) (0.52%) (0.06%)
Example 7 FLC-1 (I-AA) -2 Irg651 58 73
(97%) (2.42%) (0.52%) (0.06%)
Example 8 FLC-1 (III-AA) (1-3) Irg651 5.3 6.9
(97%) (2.42%) (0.52%) (0.06%)
Comparative FLC-1 (III-AA) None Irg651 6.4 7.8
Example 5 (97%) (2.94%) (0%) (0.06%)
[0399] In Comparative Example 5 in which the compound

[Chemical Formula 63]

corresponding to the general formula (I) is not used, Vr
increased in comparison with Examples 6 to 8.

Example 9

[0400] A polymer-stabilized liquid crystal composition
was prepared by mixing 97% of a liquid crystal composition
FLC-1, 2.42% of a compound (III-AA), 0.52% of a com-
pound (I-9) and 0.06% of Irgacure 651 (Irg651), and a liquid
crystal display device was produced by polymerize an acry-
late compound in the polymer-stabilized liquid crystal com-
position by the above method for producing a polymer-stabi-
lized liquid crystal display device. An applied voltage Vr50 at
a transmittance of 50% and an applied voltage Vr90 at a
transmittance of 90% were measured at room temperature. As
aresult, Vr50 was 2.4 V and Vr90 was 6.1 V.

-9



US 2010/0149446 Al

43
Example 10
Preparation of Polymer-Stabilized Ferroelectric Lig-
uid Crystal Composition
[0401] A polymer-stabilized ferroelectric liquid crystal
composition was prepared by mixing a ferroelectric liquid
crystal composition and at least one kind of monomer com-
ponent selected from groups of compounds (I) and (III),
respectively. Structures and proportions of the respective
components of the ferroelectric liquid crystal composition
(FLC-2) are as follows.
[Chemical Formula 64]
—N (II-A) 15 parts
CSH”{ />_®70C6H13
N
—N (II-B) 13 parts
Czﬁn{ )_rolonl
N
—N (II-C) 5 parts
CSHIQ{ />_®70C6H13
N
—N (I-D) 18 parts
CQHIQ{ />_®70ch19
N
—N (II-E) 3 parts
C8H17O{ />_®70C4H9
\
—N (II-F) 9 parts
C8H1704<: %QOCGHJJ
\ N
—N (I-G)  Sparts
C8H17O{ )_QOC]OHZI
\
E F (II-H) 17 parts
—N >:
CQH]Q{ / OC8H17
\ N
F (V-A) 9 parts

NC
O
C7Hys ¥ SCeHy
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[0402] A polymer-stabilized ferroelectric liquid crystal
composition (MFLC-1) was prepared by mixing a ferroelec-
tric liquid crystal composition (FLC-2) and at least one kind
of compound selected from groups of compounds (I) and
(II), respectively. Structures and proportions of the respec-
tive components of the polymer-stabilized ferroelectric liquid
crystal composition (MFLC-1) are as follows.

FLC-2 94 parts
Compound (I-1) 1.2 parts
Compound (ITI-AA) 4.8 parts
Irgacure 651 0.12 part

[0403] Herein, a compound (I-AA) is a non-liquid crystal-
line monomer selected from the general formula (I), and
(III-AA) is a liquid crystalline monomer selected from the
general formula (III).

[0404] With respect to the polymer-stabilized ferroelectric
liquid crystal composition (MFLC-1) thus obtained, a liquid
crystal display device was produced by polymerizing an acry-
late compound in the polymer-stabilized ferroelectric liquid
crystal composition according to the above method for pro-
ducing a polymer-stabilized liquid crystal display device. The
display device thus obtained exhibited stable V type switch-
ing behavior at room temperature, and an applied voltage
(Vr50) at a transmittance of 50% measured at 0° C. was as low
as 5V.

Comparative Example 6

[0405] In the same manner as in Examples, except that the
compound represented by the general formula (I) is not con-

[Chemical Formula 65]
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tained as a monomer composition, a ferroelectric liquid crys-
tal composition (FL.C-2), a compound (III-AA) and Irgacure
651 were mixed in a ratio shown below to prepare a compara-
tive polymer-stabilized ferroelectric liquid crystal composi-
tion (MFLC-C1).

FLC-2 94 parts
Compound (ITI-AA) 6 parts
Irgacure 651 0.12 part

[0406] In the same manner as in Example 10, an acrylate
compound in a polymer-stabilized ferroelectric liquid crystal
composition was polymerized to produce a liquid crystal
display device. An applied voltage (Vr50) at a transmittance
of 50% measured at 0° C. was 7 V, a higher voltage than that
in Example 10.

Examples 11 to 14

[0407] In the same manner as in Example 10, polymer-
stabilized ferroelectric liquid crystal compositions (MFLC-
2)to (MFLC-5) were prepared, and an applied voltage (Vr50)
atatransmittance of 50% measured was measured. Structures
of the compounds used for the preparation of the polymer-
stabilized ferroelectric liquid crystal composition are shown
below.

(II-7)

CGHB—Q—C}_@/O\/\/\(\/
C7H,5—©—<\j:/>_©/o\/\)\/\

(I1-M)

F

=N
O
C7H,54©—<\:N/>_©/ M/
=N
C3H|7O‘<\:N/>—®7OCOO—R'

(II-P)

(II-K)
(I-L)

N

=N
\ N
=N
CroHy— COO{ />_®>OC8H17
N

I-Q)
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-continued
{I-R) (L)
—N —N
CsHiys Y, C7Hs CGHJS{ MCSHH
\_ \_
(I-T) (IV-A)
F —N
CH,s p 0CO—CeHy3 N
\ N
(V-B)
F
= \)\
O.
C10H210{)_©/ * NGl
\_/
(V-0)

O
O. COO
C3H7/ %O@i O

[0408] Mixing ratios of those compounds and values of an
applied voltage (Vr50) at a transmittance of 50% are shown in
Table 8.

TABLE 8
Example Example Example Example Example
10 11 12 13 14
MFLC-1 MFLC-2 MFLC-3 MFLC-4 MFLC-5

II-A 15 15 16 11 16
II-B 13 13 14 10 13
I-C 5 5 5 4 5
1I-D 18 18 19 13 19
II-E 3
II-F 9
1I-G 5
II-H 17
1I-J 22 16
II-K 7 6
I-L 5
II-M 4
II-N 13 6 5
II-p 9
I-Q 7 5
II-R 3
II-S 5
II-T 14
III-AA 4.8 4.8 4.8 4.8 4.8
I-1 1.2 1.2 1.2 1.2 1.2
IV-A 9 8
V-A 9 9
V-B 9 9
V-C 9
Irgacure 651 0.12 0.12 0.12 0.12 0.12
Vrs0 5 5 4 6 5
V)
Measuring 20 20 40 20 20
temperature
“C)

Comparative Examples 7 to 11
[0409] In the same manner as in Comparative Example 7,

comparative polymer-stabilized ferroelectric liquid crystal

O CeHi3

compositions (MFLC-C2) to (MFLC-05), each containing no
compound represented by the general formula (I), were pre-
pared and an applied voltage (Vr50) at a transmittance of 50%
was measured. The compounds contained in the comparative
polymer-stabilized ferroelectric liquid crystal composition,
quantitative ratios thereof (parts by weight) and Vr50 are
shown in Table 9. All Comparative Examples exhibited
higher Vr50 than the corresponding Examples did.

TABLE 9
Compar- Compar- Compar- Compar- Compar-
ative ative ative ative ative
Example Example Example Example Example
7 8 9 10 11
MFLC-C1 MFLC-C2 MFLC-C3 MFLC-C4 MFLC-C5
I-A 15 15 16 11 16
II-B 13 13 14 10 13
II-C N 5 5 4 5
II-D 18 18 19 13 19
II-E 3
II-F 9
II-G 5
II-H 17
II-7 16
II-K 6
II-L
II-M 4
II-N 13 [ 5
II-P
I-Q 7 5
I-R 3
1I-S 5
I-T 14
II-AA 6 6 6 6 6
I-A
IV-A 9 8
V-A 9 9
V-B 9 9
V-C 9
Irgacure 651 0.12 0.12 0.12 0.12 0.12
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TABLE 9-continued

Compar-  Compar- Compar- Compar- Compar-
ative ative ative ative ative
Example Example Example Example Example
7 8 9 10 11

MFLC-C1 MFLC-C2 MFLC-C3 MFLC-C4 MFLC-C5
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Example 15
Preparation of Polymer-Stabilized Ferroelectric Liq-

uid Crystal Composition

[0410] A polymer-stabilized ferroelectric liquid crystal
composition was prepared by mixing at least one kind of

\350 7 7 0 8 6 monomer component selected from groups of compounds (I)
;Ae)asurmg 20 % “ %0 2 and (III), respectively, in a ferroelectric liquid crystal com-
temperature position. Structures and proportions of the respective compo-
) nents of the ferroelectric liquid crystal composition (FLC-3)
are as follows.
[Chemical Formula 66]
F F S parts
CSH]7MCHZ_O_ o
F F 13 parts
F S parts
F 21 parts
C(,HBHCHZO CoHyo
F F 21 parts
CGHB"CHZO CeH3
F 20 parts
O\/\/\)\/
CioH,0
F 9 parts

CioHag

2

O\)h
CeHiz
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[0411] A polymer-stabilized ferroelectric liquid crystal
composition (MFLC-6) was prepared by mixing a ferroelec-
tric liquid crystal composition (FLC-3) and at least one kind

the polymerizable compound (I) forms a polymer that has
a glass transition temperature of -100° C. to 25° C.,
the general formula (I-a):

of monomer component selected from groups of compounds
(I) and (IIT), respectively. Structures or contets and propor-
tions of the respective components of the polymer-stabilized
ferroelectric liquid crystal composition (MFLC-6 are as fol-
lows.

FLC-3 94 parts
Compound I-1 1.2 parts
Compound III-AA 4.8 parts
Irgacure 651 0.12 part

[0412] Herein, the compound (I-1) is a non-liquid crystal-
line monomer selected from the general formula (I), and the
compound (III-AA) is a liquid crystalline monomer selected
from the general formula (III).

[0413] With respect to the polymer-stabilized ferroelectric
liquid crystal composition (MFLC-6) thus obtained, a liquid
crystal display device was produced by polymerizing an acry-
late compound in the polymer-stabilized ferroelectric liquid
crystal composition according to the above method for pro-
ducing a polymer-stabilized liquid crystal display device. The
display device thus obtained was favorable with its stable V
type switching behavior at room temperature, an applied volt-
age (Vr50) at a transmittance of 50% of as low as 3 V at 40°
C,3Vat20°C.and 3V at 0° C., and its less temperature
dependency.

Comparative Example 12

[0414] In the same manner as in Examples, except that the
compound represented by the general formula (I) is not con-
tained as a monomer composition, a ferroelectric liquid crys-
tal composition (FLC-3), a compound (ITI-AA) and Irgacure
651 were mixed in a ratio shown below to prepare a compara-
tive polymer-stabilized ferroelectric liquid crystal composi-
tion (MFLC-C6).

FLC-3 94 parts
Compound (III-AA) 6 parts
Irgacure 651 0.12 part

[0415] In the same manner as in Example 15, an acrylate
compound in a polymer-stabilized ferroelectric liquid crystal
composition was polymerized to produce a liquid crystal
display device. It was less favorable since Vr50 was 6 V at 40°
C.,5Vat20°C.and 4V at 0° C., higher than that in Example
10, and the temperature dependency was higher.

1. A polymer-stabilized liquid crystal composition com-
prising:

a polymerizable compound (I) represented by general for-
mula (I-a);

a compound (II) represented by general formula (II-a) or
(L-b);

at least one polymerizable compound (III) selected from
the group consisting of compounds represented by gen-
eral formulas (I1I-a), (III-b), and (I1I-c); and

a chiral compound (IV) represented by general formula
(IV-a) or (IV-b), wherein

(I-a)

Al A3 B? AS
I I I |
H2C=C—COO—A2—T ? ?—B]
At B/ A

(in the formula (I-a), A' represents a hydrogen atom or a

methyl group,

A represents a single bond or an alkylene group of 1 to 15

carbon atoms (one, or two or more methylene group(s)
existing in the alkylene group each independently may
be substituted with an oxygen atom, —CO—,
—COO—, or —OCO— in a manner that any oxygen
atoms are not directly bonded to each other, and one, or
two or more hydrogen atom(s) existing in the alkylene
group each independently may be substituted with a
fluorine atom, a methyl group, or an ethyl group),

A3? and A® each independently represents a hydrogen atom

or an alkyl group of 1 to 18 carbon atoms (one, or two or
more methylene group(s) existing in the alkyl group
each independently may be substituted with an oxygen
atom, —CO—, —COO—, or —OCO— in a manner
that any oxygen atoms are not directly bonded to each
other, one, or two or more hydrogen atom(s) existing in
the alkyl group each independently may be substituted
with a halogen atom or an alkyl group of 1 to 17 carbon
atoms),

A* and A” each independently represents a hydrogen atom

or an alkyl group of 1 to 10 carbon atoms (one, or two or
more methylene group(s) existing in the alkyl group
each independently may be substituted with an oxygen
atom, —CO—, —COO—, or —OCO— in a manner
that any oxygen atoms are not directly bonded to each
other, and one, or two or more hydrogen atom(s) existing
in the alkyl group each independently may be substi-
tuted with a halogen atom or an alkyl group of 1 to 9
carbon atoms),

k represents 1 to 40, and
B!, B? and B> each independently represents a hydrogen

atom, or a linear or branched alkyl group of 1 to 10
carbon atoms (one, or two or more methylene group(s)
existing in the alkyl group each independently may be
substituted with an oxygen atom, —CO—, —COO—,
or —OCO— in a manner that any oxygen atoms are not
directly bonded to each other), or a group represented by
general formula (I-b):

d-b)
A

— A3—0CO—C==CH,

(in the formula (I-b), A’ represents a hydrogen atom or a

methyl group, and

AP represents a single bond or an alkylene group of 1 to 15

carbon atoms (one, or two or more methylene group(s)
existing in the alkylene group each independently may
be substituted with an oxygen atom, —CO—,
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—COO—, or —OCO— in a manner that any oxygen X' represents a fluorine atom, a chlorine atom, a trifluo-

atoms are not directly bonded to each other, and one, or
two or more hydrogen atom(s) existing in the alkylene
group each independently may be substituted with a
fluorine atom, a methyl group, or an ethyl group)), pro-
vided that the number of groups represented by the gen-
eral formula (I-b) among B', B® and B, a total number
of which is 2k+1, is from 0 to 3);

the general formula (II-a) or (II-b):

(Il-a)
R]_&cl_zl#cZ_zZ_c}_xl

(IL-b)
R]_fCI_ZITCZ_ZZ_C3_RZ

(in the formulas (II-a) and (II-b), R* and R? each indepen-
dently represents an alkyl group of 1 to 18 carbon atoms
or an alkenyl group of 2 to 18 carbon atoms (one, or two
or more methylene group(s) existing in the alkyl group
or an alkenyl group each independently may be substi-
tuted with an oxygen atom in a manner that any oxygen
atoms are not directly bonded to each other),

C' represents a 1,4-phenylene group, a 1,4-cyclohexylene
group, or a 1,3-dioxane-2,5-diyl group (the 1,4-phe-
nylene group among these groups is unsubstituted, or
can contain one, or two or more fluorine atom(s), chlo-
rine atom(s), methyl group(s), trifluoromethyl group(s)
or trifluoromethoxy group(s) as substituent(s)),

C? and C? each independently 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, a 1,3-dioxane-2,5-diyl group, a cyclohex-
ene-1,4-diyl group, a decahydronaphthalene-2,6-diyl
group, a 1,2,3,4-tetrahydronaphthalene-2,6-diyl group,
a2,6-naphthylene group, a 1,3,4-thiadiazole-2,5-diyl, or
an indan-2,5-diyl group (the 1,4-phenylene group, the
1,2,3,4-tetrahydronaphthalene-2,6-diyl group, the 2,6-
naphthylene group, and the indan-2,5-diyl group among

romethyl group, a trifluoromethoxy group, a difluorom-
ethyl group, or an isocyanate group or cyano group, and

n' represents 0, 1, or 2, provided that plural C* and Z* may

be the same or different when n' represents 2);

the general formula (I1I-a):

(IlI-a)

R? R*

| |
HC=C—C00—2’—¢C*—Z*4=C5— Z>—0CO0—C=CH,

(in the formula (I1I-a), R® and R* each independently rep-

resents a hydrogen atom or a methyl group,

C* and C’ each independently 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, a 1,3-dioxane-2,5-diyl group, a cyclohex-
ene-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 indan-2,5-diyl group (the
1,4-phenylene group, the 1,2,3,4-tetrahydronaphtha-
lene-2,6-diyl group, the 2,6-naphthylene group, and the
indan-2,5-diyl group among these groups are unsubsti-
tuted, or can contain one, or two or more fluorine atom
(s), chlorine atom(s), methyl group(s), trifluoromethyl
group(s), or trifluoromethoxy group(s) as substituent

()

7? and 7° each independently represents a single bond or

an alkylene group of 1 to 15 carbon atoms (one, or two or
more methylene group(s) existing in the alkylene group
each independently may be substituted with an oxygen
atom, —CO—, —COO—, or —OCO— in a manner
that any oxygen atoms are not directly bonded to each
other, and one, or two or more hydrogen atom(s) existing
in the alkylene group each independently may be sub-
stituted with a fluorine atom, a methyl group, or an ethyl

group),

7* represents a single bond, —CH,CH,—, —CH,O—

these groups are unsubstituted, or can contain one, or —OCH,—, —CH,CH,O0—, _OCH2CH2f:
two or more fluorine atom(s), chlorine atom(s), methyl —CH,CH,CH,0—, —OCH,CH,CH,—,
group(s), trifluoromethyl group(s), or trifluoromethoxy —CH,CH,0CO—, —COOCH,CH,—,
group(s) as substituent(s)), —CH,CH,COO—, —OCOCH,CH,—,
7' and Z* each independently represents a single bond, —CH—CH—, —(C=C—, —CF,0—, —OCF,—,

— CH,CH,—, —CH,0—, —_OCH,—, — COO—, or —OCO—, and
—CH,CH,0—, —OCH,CH,—, —CH,CH,CH,0—, n? represents 0, 1, or 2, provided that plural C* and Z* may
—OCH,CH,CH,—, —CH—/CH—, —C=C—, be the same or different when n” represents 2);

—CF,0—, —OCF,—, —COO—, or —OCO—, the general formula (I1I-b):

(III-b)

R’ R®
CH,=C—C00— 284+ C8— 27— (6 — 77 3—+—C"—- 28— 0CO—C=CH; / 5
n n "
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(in the formula (III-b), R® and RS each independently rep-
resents a hydrogen atom or a methyl group,

CS 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, a 1,3-dioxane-2,5-
diyl group, a cyclohexene-1,4-diyl group, a decahy-
dronaphthalene-2,6-diyl group, a 1,2,3,4-tetrahy-
dronaphthalene-2,6-diyl group, a 2,6-naphthylene
group, or an indan-2,5-diyl group (the 1,4-phenylene
group, the 1,2,34-tetrahydronaphthalene-2,6-diyl
group, the 2,6-naphthylene group, and the indan-2,5-
diyl group among these groups are unsubstituted, or can
contain one, or two or more fluorine atom(s), chlorine
atom(s), methyl group(s), trifluoromethyl group(s) or
trifluoromethoxy group(s) as substituent(s)),

C7 and C® each independently represents a benzene-1,2,4-
triyl group, a benzene-1,3,4-triyl group, a benzene-1,3,
S-triyl group, a cyclohexane-1,2,4-triyl group, a cyclo-
hexane-1,3,4-triyl group, or a cyclohexane-1,3,5-triyl
group,

76 and Z® each independently represents a single bond or
analkylene group of 1 to 15 carbon atoms (one, or two or
more methylene group(s) existing in the alkylene group
each independently may be substituted with an oxygen
atom, —CO—, —COO—, or —OCO— in a manner
that any oxygen atoms are not directly bonded to each
other, and one, or two or more hydrogen atom(s) existing
in the alkylene group each independently may be sub-
stituted with a fluorine atom, a methy!l group, or an ethyl
group),

77 and Z° each independently represents a single bond,
—CH,CH,—, —CH,0—, —OCH,—,

—OCH,CH,CH,—, —CH,CH,0CO—,
—COOCH,CH,—, —CH,CH,COO—,
— OCOCH,CH,, —CH—CH -, —C=C—,

—CF,0—, —OCF,—, —COO—, or —OCO—,

n’ represents 0, 1, or 2, provided that plural C® and Z7 may
be the same or different when n® represents 2, and

n® and n® each independently represents 1, 2, or 3);

the general formula (I1I-c):

(III-c)

R’
|
HZC:C_COO@YIAWYZ@YS_RS
't

(in the formula (I11-c), R” represents a hydrogen atom or a
methyl group,
6-membered rings T', T? and T® each independently rep-

resents any one of:
N
4@7

e
OO
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-continued

-
-~
G5

F)p (CHa)

~ -~

(in which m represents an integer of 1 to 4),
n* represents an integer of 0 or 1,

Y' and Y? each independently represents a single bond,
—CH,CH,—, —CH,0—, —OCH,—, —COO—,
—0CO—, —C=C—, —CH—CH—, —CF—CF—,
—(CH,),—,—CH,CH,CH,0—,—OCH,CH,CH,—,
—CH,—CHCH,CH,—, or —CH,CH,CH—CH—,

Y? represents a single bond, —COO—, or —OCO—, and

R® represents a hydrocarbon group of 1 to 18 carbon
atoms); and

the general formula (IV-a) or (IV-b):

(IV-2)
R9_*c8_z9_)_5_n CO—vy4—x4

(IV-b)
XS_YS_tCS_ZQﬁ;s_CQ_Y4_X4

(in the formula (IV-a) and (IV-b), R? represents an alkyl
group of 1 to 18 carbon atoms or an alkenyl group of 2 to
18 carbon atoms (one, or two or more methylene group
(s) existing in the alkyl group or an alkenyl group each
independently may be substituted with an oxygen atom
in a manner that any oxygen atoms are not directly
bonded to each other),

C® and C® each independently represents a 1,4-phenylene
group, a 1,4-cyclohexylene group, or a pyrimidine-2,5-
diyl group (the 1,4-phenylene group or the 1,4-cyclo-
hexylene group among these groups is unsubstituted, or
can contain one, or two or more fluorine atom(s), chlo-
rine atom(s), methyl group(s), cyano group(s), trifluo-
romethyl group(s) or trifluoromethoxy group(s) as sub-
stituent(s)),

7° represents a single bond, —CH,CH,—, —C=C—,
—CF,0—, —COO—, or —OCO—,

Y* and Y? each independently represents a single bond, an
oxygen atom, an alkylene group of 1 to 14 carbon atoms,
—OCH,—, —COO—, —OCO—, —OCH,CH,—, or
—OCOCH,—,

n°® represents 0, 1, or 2, provided that plural C® and Z° may
be the same or different when n> represents 2, and
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X* and X’ each independently represents a group repre-
sented by any of general formulas (IV-c) to (IV-h):

i (IV-¢c)
X
I
_Clj*_RL‘
H
, (IV-d)
X H
I
_T*_Zd T* RY
H 4
IV-¢)
Ze
AW
—C+-C"—R¢
Lol
; (Iv-1)
Vz RS
O/
ok
Iv-g)
Z8 RE
hivg
(IV-h)
X

(in the formulas (IV-c) to (IV-h), the symbol * represents
that a carbon atom is an asymmetric carbon,

RS, RY Re, R/, and R# each independently represents an
alkyl group of 2 to 20 carbon atoms (one, or two or more
methylene group(s) existing in the alkyl group each
independently may be substituted with an oxygen atom,
—CO—, —COO—, or —OCO— in a manner that any
oxygen atoms are not directly bonded to each other),

X¢, X% and Y each independently represents a fluorine
atom, a chlorine atom, a methyl group, or a cyano group,

X¢and Y* each independently represents a hydrogen atom,
a fluorine atom, a chlorine atom, a methyl group, or a
cyano group,

X" and Y” each independently represents a fluorine atom, a
chlorine atom, a methyl group, or a cyano group,

77 represents a single bond or methylene group,

Z° represents an oxygen atom or a group represented by
—OC(R“M)(R**)O— (in which R** and R*? each inde-
pendently represents a hydrogen atom or an alkyl group
of 1 to 10 carbon atoms),

7 represents a carbonyl group or a group represented by
—CH(R™)— (in which R™ represents a hydrogen atom
or an alkyl group of 1 to 10 carbon atoms), and

78 represents —OCO—, —COO—, —CH,O—, or
—OCH,—)).

2. The polymer-stabilized liquid crystal composition

according to claim 1, wherein

the content of the polymerizable compound (III) is from
0.1% to 8%, and
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a composition ratio (III):(I) of the polymerizable com-
pound (III) to the polymerizable compound (I) is from
1:1 to 49:1.

3. The polymer-stabilized liquid crystal composition
according to claim 1, which exhibits a smectic phase at room
temperature.

4. The polymer-stabilized liquid crystal composition
according to claim 3, wherein the smectic phase is a chiral
smectic C phase.

5. The polymer-stabilized liquid crystal composition
according to claim 4, wherein the chiral smectic C phase is a
ferroelectric liquid crystal phase.

6. A liquid crystal display device, which is

a polymer-stabilized liquid crystal display device in which

a low-molecular liquid crystal is immobilized by dis-
persing polymers in a liquid crystal in the form of nano-
particles, or

a polymer-stabilized liquid crystal display device in which

a three-dimensional network of polymer chains is
formed in a liquid crystal, wherein

a low-molecular liquid crystal-dispersed structure in the

polymers is obtained by subjecting the polymer-stabi-
lized liquid crystal composition according to claim 1 to
ultraviolet exposure so as to polymer-stabilize align-
ment of the low-molecular liquid crystal.

7. A method for producing a liquid crystal display device in
which alignment of a low-molecular liquid crystal is stabi-
lized by forming nanoparticles or a three-dimensional net-
work of polymer chains in a liquid crystal,

the method comprising subjecting the polymer-stabilized

liquid crystal composition according to claim 1 to ultra-
violet exposure while applying an alternating current.

8. The method for producing a liquid crystal display device
according to claim 7, wherein the ultraviolet exposure is
performed at a temperature, at which a liquid crystalline
phase of the low-molecular liquid crystal exhibits a chiral
smectic C phase, while applying an alternating current.

9. The method for producing a liquid crystal display device
according to claim 7, wherein the ultraviolet exposure is
performed at a temperature, at which a liquid crystalline
phase of the low-molecular liquid crystal exhibits a chiral
smectic C phase, while applying an alternating current of a
frequency of 500 Hz to 10 kHz.

10. The method for producing a liquid crystal display
device according to claim 7, wherein the ultraviolet exposure
is performed at a temperature, at which a liquid crystalline
phase of the low-molecular liquid crystal exhibits a chiral
smectic C phase, while applying a square wave of a frequency
of'500 Hz to 10 kHz.

11. The method for producing a liquid crystal display
device according to claim 7, wherein the ultraviolet exposure
is performed at a temperature, at which a liquid crystalline
phase of the low-molecular liquid crystal exhibits a chiral
smectic C phase, while applying a square wave of a frequency
of' 500 Hz to 10 kHz at a voltage of +15V or less.

12. The method for producing a liquid crystal display
device according to claim 7, the ultraviolet exposure is per-
formed at a temperature of (T-40)° C. or higher and (T+5)° C.
or lower, and 35° C. or higher, where T (° C.) denotes a phase
transition temperature between a smectic A phase and a chiral
smectic C phase of the polymer-stabilized liquid crystal com-
position, while applying an alternating current to the poly-
mer-stabilized liquid crystal composition.
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13. The method for producing a liquid crystal display
device according to claim 7, wherein the ultraviolet exposure
is performed with ultraviolet rays of 1,000 mJ/cm? or more.

14. A liquid crystal display device obtained by the method
according to claim 7.

15. The liquid crystal display device according to claim 6,
which is driven by an active device of a thin film transistor
device, a metal-insulator-metal device, or a thin film diode
device.

16. The liquid crystal display device according to claim 15,
wherein

a storage capacity is connected in parallel between the

active device and a liquid crystal pixel electrode, and
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Cs/Cflc is 0.1 or more and 3 or less, where Cflc denotes an
electrostatic capacity of the liquid crystal pixel electrode
and Cs denotes a storage capacity.

17. The liquid crystal display device according to claim 15,

which is driven by a field sequential system.

18. The liquid crystal display device according to claim 14,
which is driven by an active device of a thin film transistor
device, a metal-insulator-metal device, or a thin film diode
device.

19. The liquid crystal display device according to claim 16,
which is driven by a field sequential system.

* * #* ok %
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