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7) ABSTRACT

A liquid crystal display device which enables reductions in
image sticking and droplet stains caused in production
thereof without degradation of properties such as dielectric
anisotropy, viscosity, the upper limit of the temperature of
nematic phase, and rotational viscosity (v,); and a method
for manufacturing such a liquid crystal display device. The
liquid crystal display device is characterized in that a liquid
crystal layer containing a liquid crystal composition is
disposed between a substrate provided with a common
electrode and a color filter layer and another substrate
provided with a plurality of pixels each having a pixel
electrode, each of the substrates is not provided with an
alignment film but provided with an orientation controlling
layer composed of at least two polymerizable compounds,
each of the pixels has two or more regions having different
directions of pretilt, and the liquid crystal composition
contains a compound represented by General Formula (1)
and a compound represented by General Formula (IT).

10 Claims, 2 Drawing Sheets
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

The application is a Divisional of U.S. patent application
Ser. No. 14/765,104, filed on Jul. 31, 2015, which is a 371
of International Application No. PCT/JP2014/052073, filed
on Jan. 30, 2014, which is based upon and claims the benefit
of priority from the prior Japanese Patent Application No.
2013-021819, filed on Feb. 6, 2013, the entire contents of
which are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a liquid crystal display
device that is useful as a constituent of a liquid crystal TV
set or the like, and to a method for manufacturing such a
liquid crystal display device.

BACKGROUND ART

Liquid crystal display devices have been applied to, for
example, clocks and watches, calculators, a variety of mea-
suring equipment, panels used in automobiles, word proces-
sors, electronic notebooks, printers, computers, television
sets, clocks, and advertising boards. Representative
examples of types of liquid crystal display devices include
aTN (twisted nematic) type, an STN (super twisted nematic)
type, and vertical alignment (VA) and IPS (in-plane switch-
ing) types involving use of a TFT (thin film transistor).
Liquid crystal compositions used in such liquid crystal
display devices need to satisfy the following requirements:
being stable to external elements such as moisture, air, heat,
and light; having a liquid crystal phase in a wide temperature
range mainly including room temperature as much as pos-
sible; having a low viscosity; and enabling a low driving
voltage. In addition, liquid crystal compositions are com-
posed of several to tens of compounds to adjust, for
example, the dielectric anisotropy (Ae) and refractive index
anisotropy (An) to be optimum to individual liquid crystal
display devices.

A liquid crystal composition having a negative Ae is used
in VA displays and widely applied to, for instance, liquid
crystal TVs. In all types of driving, there have been demands
for driving at low voltage, a quick response, and a broad
range of operation temperature. In other words, Ae with a
large absolute value, a low viscosity (1), and a high nematic
phase-isotropic liquid phase transition temperature (T,;)
have been demanded. In order to determine Anxd that is a
product of An and a cell gap (d), the An of a liquid crystal
composition needs to be adjusted to be in a proper range on
the basis of the cell gap. In addition, a quick response is
important in liquid crystal display devices applied to tele-
vision sets or other apparatuses, which generates a need for
a liquid crystal composition having a small rotational vis-
cosity (y,).

In order to improve the viewing angle characteristics of
VA displays, MVA (multi-domain vertical alignment) liquid
crystal displays have been widely used, in which protrusions
formed on a substrate enable liquid crystal molecules in
pixels to be oriented in multiple directions. In MVA liquid
crystal display devices, viewing angle characteristics are
good; however, there is a difference in the response speed of
liquid crystal molecules between part adjacent to the pro-
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trusions formed on a substrate and part distant therefrom,
and the liquid crystal molecules that are distant from the
protrusions and thus show slow response speed cause the
response speed as a whole to be problematically insufficient,
which results in a problem of decreased light transmittance
attributed to the protrusions. In order to overcome this
problem, PSA liquid crystal display devices (polymer sus-
tained alignment, including PS (polymer stabilized) liquid
crystal display devices) having a different structure from
general MVA liquid crystal display devices have been devel-
oped as a technique for giving an even pretilt angle in
segmented pixels without formation of protrusions, which
are not light-transmissive, in a cell. In production of PSA
liquid crystal display devices, a small amount of a polym-
erizable compound is added to a liquid crystal composition,
the liquid crystal composition is introduced into a liquid
crystal cell, and then an active energy ray is radiated thereto
under application of voltage between electrodes to polym-
erize the polymerizable compound contained in the liquid
crystal composition. A proper pretilt angle can be therefore
given in segmented pixels; as a result, increased light
transmittance leads to an enhancement in contrast, and
giving an even pretilt angle enables high response speed
(e.g., see Patent Literature 1). In PSA liquid crystal display
devices, however, the addition of a polymerizable com-
pound to a liquid crystal composition causes a problem that
defective display such as image sticking is caused in active-
matrix liquid crystal display devices in which a high voltage
holding ratio is required.

Meanwhile, an increase in the size of the screens of liquid
crystal display devices causes a great change in a method for
manufacturing liquid crystal display devices. In particular,
since typical vacuum injection techniques require much time
to be taken in a process for producing large panels, produc-
tion by an ODF (one-drop-fill) technique has been becoming
popular in production of large panels (e.g., see Patent
Literature 2).

This technique enables a reduction in time taken for
injection as compared with vacuum injection techniques and
has therefore become mainstream in manufacturing of liquid
crystal display devices. A new problem, however, has arisen,
in which droplet stains made by droplets of a liquid crystal
composition remain in liquid crystal display devices in the
form of landed droplets even after the liquid crystal devices
have been completed. The term “droplet stains” is defined as
a phenomenon in which white stains of a dropped liquid
crystal composition emerge in a black display mode. In
general, the occurrence of droplet stains depends on liquid
crystal materials to be used in many cases, and the cause of
it has been still unclear.

A technique for reducing droplet stains has been dis-
closed; in this technique, a polymerizable compound con-
tained in a liquid crystal composition is polymerized to form
a polymer layer in a liquid crystal composition layer, so that
droplet stains generated by an effect of an alignment film can
be reduced (e.g., see Patent Literature 3). Such a technique,
however, has a problem of image sticking caused by the
polymerizable compound added to the liquid crystal com-
position as in PSA liquid crystal display devices, and the
effect on a reduction in droplet stains is insufficient. Hence,
development of a liquid crystal display device which retains
basic characteristics inherent in liquid crystal display
devices and in which image sticking and droplet stains are
less likely to be caused are demanded.
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SUMMARY OF INVENTION
Technical Problem

In view of the above-mentioned circumstances, it is an
object of the present invention to provide a liquid crystal
display device which enables reductions in image sticking
and droplet stains caused in production thereof without
degradation of properties such as dielectric anisotropy, vis-
cosity, the upper limit of the temperature of nematic phase,
and rotational viscosity (y,) and to provide a method for
manufacturing such a liquid crystal display device.

Solution to Problem

In order to achieve the above-mentioned object, the
inventors have studied a variety of liquid crystal composi-
tions and a combination of techniques for giving a pretilt
angle in a liquid crystal display device and found that the
object can be achieved by using specific compounds as
liquid crystal molecules in combination without formation
of an alignment film on a substrate included in a liquid
crystal cell in a technique that involves using two or more
polymerizable compounds in a liquid crystal composition,
introducing the liquid crystal composition into the liquid
crystal cell, and then polymerizing the polymerizable com-
pounds in the liquid crystal composition by irradiation with
an active energy ray under application of voltage between
electrodes, thereby accomplishing the present invention.

In particular, the present invention provides a liquid
crystal display device in which a liquid crystal layer con-
taining a liquid crystal composition is disposed between a
first substrate provided with a common electrode and a color
filter layer and a second substrate provided with a plurality
of pixels each having a pixel electrode, the liquid crystal
display device including orientation controlling layers
formed of at least two polymerizable compounds and dis-
posed between the first substrate and the liquid crystal layer
and between the second substrate and the liquid crystal layer
without the presence of an alignment film, wherein each of
the pixels has at least two regions having different directions
of pretilt, and the liquid crystal composition contains a
compound represented by General Formula (I)

[Chem. 1]
M

. . ° «
11

(where R'® and R** each independently represent an alkyl
group having 1 to 8 carbon atoms, an alkenyl group having
2 to 8 carbon atoms, an alkoxy group having 1 to 8 carbon
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atoms, or an alkenyloxy group having 2 to 8 carbon atoms;
Q! represents a 1,4-phenylene group or a trans-1,4-cyclo-
hexylene group; 1' represents 1 or 2; and in the case where
1' is 2, the two Q"’s may be the same as or different from
each other) and a compound represented by General For-
mula (IT)

[Chem. 2]

an

T T
12

(where R>* represents an alkyl group having 1 to 8 carbon
atoms, an alkenyl group having 2 to 8 carbon atoms, an
alkoxy group having 1 to 8 carbon atoms, or an alkenyloxy
group having 2 to 8 carbon atoms; R** represents an alkyl
group having 1 to 8 carbon atoms, an alkenyl group having
4 to 8 carbon atoms, an alkoxy group having 1 to 8 carbon
atoms, or an alkenyloxy group having 3 to 8 carbon atoms;
Q” represents a 1,4-phenylene group or a trans-1,4-cyclo-
hexylene group; 12 represents 0, 1, or 2; in the case where 12
is 2, the two Q*’s may be the same as or different from each
other; and G' is a single bond, —CH,CH,—, —CH,O—,
—OCH,—, —CF,0—, or —OCF,—).

The present invention also provides a method for manu-
facturing a liquid crystal display device in which a liquid
crystal layer containing a liquid crystal composition is
disposed between a first substrate provided with a common
electrode and a color filter layer and a second substrate
provided with a plurality of pixels each having a pixel
electrode and in which each of the pixels has at least two
regions having different directions of pretilt, the method
including disposing a liquid-crystal-containing polymeriza-
tion composition between the first substrate and the second
substrate without formation of an alignment film, the liquid-
crystal-containing polymerization composition containing a
compound represented by General Formula (I)

[Chem. 3]

O

Rl ) . 6 RZC(
1

!

(where R'® and R?* each independently represent an alkyl
group having 1 to 8 carbon atoms, an alkenyl group having
2 to 8 carbon atoms, an alkoxy group having 1 to 8 carbon
atoms, or an alkenyloxy group having 2 to 8 carbon atoms;
Q' represents a 1,4-phenylene group or a trans-1,4-cyclo-
hexylene group; 1' represents 1 or 2; and in the case where
1" is 2, the two Q"’s may be the same as or different from
each other), a compound represented by General Formula

(I
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[Chem. 4]
an

R4cx

(where R* represents an alkyl group having 1 to 8 carbon
atoms, an alkenyl group having 2 to 8 carbon atoms, an
alkoxy group having 1 to 8 carbon atoms, or an alkenyloxy
group having 2 to 8 carbon atoms; R** represents an alkyl
group having 1 to 8 carbon atoms, an alkenyl group having
4 to 8 carbon atoms, an alkoxy group having 1 to 8 carbon
atoms, or an alkenyloxy group having 3 to 8 carbon atoms;
Q” represents a 1,4-phenylene group or a trans-1,4-cyclo-
hexylene group; 1% represents 0, 1, or 2; in the case where I
is 2, the two Q®s may be the same as or different from each
other; and G* is a single bond, —CH,CH,—, —CH,0—,
—OCH,—, —CF,0—, or —OCF,—), and at least two
polymerizable compounds; and forming orientation control-
ling layers between the first substrate and the liquid crystal
layer and between the second substrate and the liquid crystal
layer by polymerization of the at least two polymerizable
compounds with conversion of the liquid-crystal-containing
polymerization composition into the liquid crystal compo-
sition through irradiation with an active energy ray in a state
in which voltage that is for giving a pretilt angle to liquid
crystal molecules in the liquid-crystal-containing polymet-
ization composition is applied between the pixel electrode
and the common electrode.

Advantageous Effects of Invention

The present invention provides a liquid crystal display
device which enables reductions in image sticking and
droplet stains caused in production thereof without degra-
dation of properties such as dielectric anisotropy, viscosity,
the upper limit of the temperature of nematic phase, and
rotational viscosity (y,) and a method for manufacturing
such a liquid crystal display device.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic perspective view illustrating an
embodiment of the liquid crystal display device of the
present invention.

FIG. 2 is a schematic plan view illustrating an example of
a slit electrode (comb-shaped electrode) used in the liquid
crystal display device of the present invention.

FIG. 3 illustrates definition of a pretilt angle in the liquid
crystal display device of the present invention.

DESCRIPTION OF EMBODIMENTS

Embodiments of the liquid crystal display device of the
present invention and a method for manufacturing the liquid
crystal display device will now be described.

The embodiments are specifically described for better
understanding of the gist of the invention, and the present
invention is not limited thereto unless otherwise specified.
<Liquid Crystal Display Device>

The liquid crystal display device of the present invention
includes a pair of substrates and a liquid crystal layer
containing a liquid crystal composition and disposed ther-
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ebetween and is based on a principle in which the liquid
crystal device serves as an optical switch as a result of
Freedericksz transition of liquid crystal molecules in the
liquid crystal layer due to application of voltage to the liquid
crystal layer; in this regard, known techniques can be used.

In general, in a normal vertical-alignment liquid crystal
display device in which each of two substrates has an
electrode for the Freedericksz transition of liquid crystal
molecules, a technique in which electric charge is vertically
applied between the substrates is employed. In this case, one
of the electrodes is a common electrode, and the other one
is a pixel electrode. The most typical embodiment of this
structure will now be described.

FIG. 1 is a schematic perspective view illustrating one
embodiment of the liquid crystal display device of the
present invention.

A liquid crystal display device 10 of this embodiment
schematically includes a first substrate 11, a second substrate
12, a liquid crystal layer 13 disposed between the first
substrate 11 and the second substrate 12 and containing a
liquid crystal composition, a common electrode 14 formed
on the liquid-crystal-layer-13-side plane of the first substrate
11, pixel electrodes 15 formed on the liquid-crystal-layer-
13-side plane of the second substrate 12, and a color filter 18
disposed between the first substrate 11 and the common
electrode 14.

The first substrate 11 and the second substrate 12 are, for
example, glass substrates or plastic substrates.

Examples of the plastic substrates include substrates made
of resins such as an acrylic resin, a methacrylic resin,
polyethylene terephthalate, polycarbonate, and a cyclic
olefin resin.

In general, each of the common electrode 14 and the pixel
electrodes 15 is formed of a transparent material such as
indium-added tin oxide (ITO).

The pixel electrodes 15 are disposed on the second
substrate 12 in the form of a matrix. The pixel electrodes 15
are each controlled by the drain electrode of an active device
typified by a TFT switching device (not illustrated), and the
TFT switching device has a gate line as an address signal
line and a source line as a data line, each line constituting the
matrix structure.

The pixel electrode 15 in each pixel has two or more
regions having a difference in the direction of the pretilt of
liquid crystal molecules. In this manner, the direction of the
pretilt of liquid crystal molecules is defined to segment each
pixel into some regions in which the directions of the
inclination of liquid crystal molecules are different, so that
viewing angle characteristics are enhanced.

In the segmentation of the pixels, for example, a pixel
electrode having slits (parts at which electrode is not
formed) with a pattern of a stripe, a V shape, or another
shape may be provided in each pixel.

FIG. 2 1s a schematic plan view illustrating the typical
structure of a slit electrode (comb-shaped electrode) used for
segmenting a pixel into four regions. The slit electrode has
slits extending from the center of a pixel in four directions
in the form of teeth of a comb; hence, application of voltage
orients the directors of liquid crystal molecules, which are
substantially vertically aligned with respect to the substrate
in each pixel in a state in which voltage is not applied, in
four different directions, so that the alignment state
approaches a horizontal alignment. The liquid crystal mol-
ecules in the segments of the pixel can be aligned in different
directions as a result, which gives a significantly wide
viewing angle.
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The liquid crystal display device 10 preferably has a
structure in which the pixel electrodes 15 each have slits (slit
electrode).

Besides the technique in which the slit electrode is
provided, the technique for segmenting the pixels can be a
technique in which a structure such as a linear protrusion is
formed inside each pixel or a technique in which an elec-
trode other than the pixel electrodes and the common
electrode is formed (not illustrated); of these, the technique
in which a structure is formed is preferred. The structure
may be provided for at least one of the first substrate 11 and
the second substrate 12 or both of them.

In view of light transmittance and easy production, the slit
electrode is preferably employed. The slit electrode has no
driving force to liquid crystal molecules in a state in which
voltage is not applied and therefore cannot give liquid
crystal molecules a pretilt angle. In the present invention,
however, the presence of orientation controlling layers that
will be described later enables a pretilt angle to be given; in
addition, they are used in combination with the pixel-
segmented slit electrode, so that the segmentation of the
pixels can make the viewing angle wide.

In the present invention, the expression “having a pretilt
angle” refers to the following state; the directions of the
directors of liquid crystal molecules are slightly different
from a direction vertical to the substrate planes (the adjacent
planes of the first and second substrates 11 and 12 to the
liquid crystal layer 13) in a state in which voltage is not
applied.

Since the liquid crystal display device of the present
invention is a vertical-alignment (VA) liquid crystal display
device, the directors of liquid crystal molecules are substan-
tially vertical to the substrate planes in a state in which
voltage is not applied. In general, in order to vertically align
liquid crystal molecules, vertical alignment films made of,
for example, polyimide, polyamide, or polysiloxane are
disposed between the first substrate and the liquid crystal
layer and between the second substrate and the liquid crystal
layer; however, the liquid crystal display device of the
present invention does not have such alignment films.

In the liquid crystal display device of the present inven-
tion, as in the above-mentioned PSA liquid crystal display
devices, voltage is applied between the electrodes to slightly
tilt liquid crystal molecules, and polymerizable compounds
in the liquid crystal composition are polymerized in this
state by being irradiated with an active energy ray such as
ultraviolet, thereby imparting an adequate pretilt angle. In
the liquid crystal display device of the present invention, two
or more polymerizable compounds are used in order to form
the orientation controlling layers composed thereof.

The expression “liquid crystal molecules are substantially
vertically aligned” herein refers to a state in which the
directors of vertically aligned liquid crystal molecules are
slightly tilted from a vertical direction at a pretilt angle. In
the case where liquid crystal molecules are completely
vertically aligned, the angle defined by the direction com-
pletely parallel to the substrate planes and the directions of
the directors of the liquid crystal molecules is 90°; in the
case where liquid crystal molecules are completely homo-
geneously aligned (horizontally aligned with respect to the
substrate planes), such an angle is 0°; and in the case where
liquid crystal molecules are substantially vertically aligned,
the angle is preferably in the range of 89 to 85°, and more
preferably 89 to 87°.

The two or more polymerizable compounds may have
different structures from each other and preferably includes
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any of the below first polymerizable compounds and any of
the below second polymerizable compounds.

Both of'the first polymerizable compounds and the second
polymerizable compounds may be used alone or in combi-
nation.

Examples of the first polymerizable compounds include
compounds each having one polymerizable group and com-
pounds each having two polymerizable groups and an alky-
lene group positioned therebetween (one or more methylene
groups contained in the alkylene group (where the number
of the methylene groups is less than the number of the
carbon atoms of the alkylene group) are each independently
optionally substituted with an oxygen atom, —CO—,
—CO0—, or —OCO— such that oxygen atoms are not
directly bonded to each other).

The first polymerizable compounds are preferably (meth)
acrylates; in the case where a compound having one polym-
erizable group is employed, a monofunctional (meth)acry-
late having one (meth)acryloyl group is preferred.

The term “(meth)acrylate” herein refers to both acrylate
and methacrylate, and the term “(meth)acryloyl group”
similarly refers to both an acryloyl group (H,C—CH—
CO—) and a methacryloyl group (H,C—C(CH;)—CO—).
The terms “—COO—" and “—OCO—" refer to “—C
(=0)—0—" and “—0O—C(=0)—" unless otherwise
specified, respectively.

In particular, the first polymerizable compound is at least
one compound selected from the group consisting of com-
pounds represented by General Formula (X1a), compounds
represented by General Formula (XIb), and compounds
represented by General Formula (X1c¢).

[Chem. 5]
Xla)
Al A/ BY\ AS
H,C=C—C00—A>—C C ?—Bl
A* 1|33 A7

k

(where A' represents a hydrogen atom or a methyl group;
A” represents a single bond or an alkylene group having 1 to
15 carbon atoms (one or more methylene groups contained
in the alkylene group are each independently optionally
substituted with an oxygen atom, —CO—, —COO—, or
—OCO— such that oxygen atoms are not directly bonded to
each other, and one or more hydrogen atoms contained in the
alkylene group are each independently optionally substi-
tuted with a fluorine atom, a methyl group, or an ethyl
group);

A? and A® each independently represent a hydrogen atom, a
halogen atom, or an alkyl group having 1 to 18 carbon atoms
(one or more methylene groups contained in the alkyl group
are each independently optionally substituted with an oxy-
gen atom, —CO—, —COO—, or —OCO— such that
oxygen atoms are not directly bonded to each other, and one
or more hydrogen atoms contained in the alkyl group are
each independently optionally substituted with a halogen
atom or an alkyl group having 1 to 17 carbon atoms);
A*and A7 each independently represent a hydrogen atom, a
halogen atom, or an alkyl group having 1 to 10 carbon atoms
(one or more methylene groups contained in the alkyl group
are each independently optionally substituted with an oxy-
gen atom, —CO—, —COO—, or —OCO— such that
oxygen atoms are not directly bonded to each other, and one
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or more hydrogen atoms contained in the alkyl group are
each independently optionally substituted with a halogen
atom or an alkyl group having 1 to 9 carbon atoms);

k is from 1 to 40; and

B!, B%, and B? each independently represent a hydrogen
atom, a linear or branched alkyl group having 1 to 10 carbon
atoms (one or more methylene groups contained in the alkyl
group are each independently optionally substituted with an
oxygen atom, —CO—, —COO—, or —OCO— such that
oxygen atoms are not directly bonded to each other, and one
or more hydrogen atoms contained in the alkyl group are
each independently optionally substituted with a halogen
atom or a trialkoxysilyl group having 3 to 6 carbon atoms),
or a group represented by General Formula (I-b)

[Chem. 6]

(I-b)
A°

— A —0CO—C=Cl,

(where A® represents a hydrogen atom or a methyl group;
and A® represents a single bond or an alkylene group having
1 to 15 carbon atoms (one or more methylene groups
contained in the alkylene group are each independently
optionally substituted with an oxygen atom, —CO—,
—COO—, or —OCO— such that oxygen atoms are not
directly bonded to each other, and one or more hydrogen
atoms contained in the alkylene group are each indepen-
dently optionally substituted with a fluorine atom, a methyl
group, or an ethyl group), where among B!, B, and B> that
are present in the number of 2k+1 in total, the number of the
groups represented by General Formula (I-b) is 0 or 1)

[Chem. 7]

[
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-continued

=

(where m is an integer from 1 to 4);
n* represents 0 or 1;
Y! and Y? each independently represent a single bond,

/\

(CH3)m

—CH,CH,—, —CH,0—, —OCH,—, —CO0—,
~0CO—, —C=C—, —CH-CH, —CF—CF_,
—(CH,),—, —CH,CH,CH,0—, —OCH,CH,CH,—.

—CH,—CHCH,CH,—, or —CH,CH,CH—CH—; and
Y? represents a single bond, —COO—, or —OCO—; and
R® represents a hydrocarbon group having 1 to 18 carbon
atoms)

[Chem. 9]

(Xlc)
R70

H,C=C—C00—R"!

(where R represents a hydrogen atom or a methyl group,
and R7* represents a hydrocarbon group having fused rings)

The term “alkylene group” herein refers to a divalent
group formed by removal of one hydrogen atom bonded to
the carbon atom positioned at each of the two ends of an
linear or branched aliphatic hydrocarbon unless otherwise
specified; in the case where any of the other hydrogen atoms
is substituted with a halogen atom or an alkyl group or where

(X1b)

R7
HZC:C_COOA@7YI‘<E>_<Y24<E>>7Y3_RS
nd

(where R” represents a hydrogen atom or a methyl group; 4

six-membered rings T', T% and T each independently
represent any of the following structures

[Chem. 8]

OO
OO

aah Gants

)
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60

a methylene group is substituted with an oxygen atom,
—CO—, —CO0—, or —OCO—, such substitution is
specified. In addition, the term “alkylene chain length”
refers to the following; for example, in the case of a linear
alkylene group, n in its general formula “—(CH,),— (where
n is an integer of 1 or more)” is the alkylene chain length.

In General Formula (X1a), alkyl groups having 1 to 18
carbon atoms as A> and A may be linear, branched, or cyclic
and are preferably linear or branched; examples thereof
include a methyl group, an ethyl group, an n-propyl group,
an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, an n-pentyl group, an
isopentyl group, a neopentyl group, a tert-neopentyl group,
a 1-methylbutyl group, an n-hexyl group, a 2-methylpentyl
group, a 3-methylpentyl group, a 2,2-dimethylbutyl group, a
2,3-dimethylbutyl group, an n-heptyl group, a 2-methyl-
hexyl group, a 3-methylhexyl group, a 2,2-dimethylpentyl
group, a 2,3-dimethylpentyl group, a 2,4-dimethylpentyl
group, a 3,3-dimethylpentyl group, a 3-ethylpentyl group, a
2,2 3-trimethylbutyl group, an n-octyl group, an isooctyl
group, a nonyl group, a decyl group, an undecyl group, a
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dodecyl group, a tridecyl group, a tetradecyl group, a
pentadecyl group, a hexadecyl group, a heptadecyl group,
and an octadecyl group.

Examples of the halogen atoms as A® and AS in General
Formula (X1a) include a fluorine atom, a chlorine atom, and
a bromine atom; and a fluorine atom is preferred.

Examples of the alkyl groups having 1 to 17 carbon
atoms, with which hydrogen atoms of the alkyl groups as A®
and A° are substituted, are the same as the examples of the
alkyl groups as A* and A® except that the number of carbon
atoms is different.

Examples of the halogen atoms, with which hydrogen
atoms of the alkyl groups as A® and A° are substituted, are
the same as the examples of the halogen atoms as A® and AS.

Examples of the alkylene group having 1 to 15 carbon
atoms as A® in General Formula (X1a) include divalent
groups formed by removal of one hydrogen atom from each
of the alkyl groups having 1 to 15 carbon atoms as A® and
AS,

Examples of the alkyl groups having 1 to 10 carbon atoms
as A*and A7 in General Formula (X1a) are the same as the
examples of the alkyl groups as A* and A® except that the
number of carbon atoms is different.

Examples of the alkyl group having 1 to 9 carbon atoms,
with which hydrogen atoms of the alkyl groups as A* and A”
are substituted, are the same as the examples of the alkyl
groups as A® and A° except that the number of carbon atoms
is different.

Examples of the halogen atoms, with which hydrogen
atoms of the alkyl groups as A* and A” are substituted, are
the same as examples of the halogen atoms as A> and AS,

Examples of the linear or branched alkyl groups having 1
to 10 carbon atoms as B', B, and B in General Formula
(X1a) include the same linear or branched alkyl groups
having 1 to 10 carbon atoms as the examples of A> and A°.

Examples of the trialkoxysilyl group having 3 to 6 carbon
atoms, with which hydrogen atoms of the alkyl groups as B',
B?, and B? are substituted, include groups in which a total of
three either methoxy groups or ethoxy groups as alkoxy
groups are bonded to the same silicon atom; in this case, the
three alkoxy groups bonded to the same silicon atom may be
all the same as each other, or only two of them may be the
same as each other. Specific examples thereof include a
trimethoxysilyl group, a triethoxysilyl group, an ethoxy-
dimethoxysilyl group, and a diethoxymethoxysilyl group.

Examples of the halogen atoms, with which hydrogen
atoms of the alkyl groups as B, B%, and B? are substituted,
are the same as the examples of the halogen atoms as A and
A°,

In General Formula (X1a), B!, B2, and B are present in
the number of 2k+1 in total; among these, the number of
groups represented by General Formula (1-b) is 0 or 1. Any
of B!, B?, and B> can be the group represented by General
Formula (1-b); and B* is preferred.

A preferred compound represented by General Formula
(Xla) in which B!, B or B? is the group represented by
General Formula (I-b) can be at least one compound selected
from the group consisting of compounds represented by
General Formula (XIa-1), compounds represented by Gen-
eral Formula (X1a-2), compounds represented by General
Formula (X1a-3), and compounds represented by General
Formula (X1a-4).
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[Chem. 10]
Xla-1)

All A13 A16 A19

H,C=C—C00—A?—C—AB—=C—A"¥—0CO0—C=CH,

A14 A17

(where A" and A" each independently represent a hydrogen
atom or a methyl group;

A'? and A"® each independently represent a single bond or
an alkylene group having 1 to 15 carbon atoms (one or more
methylene groups contained in the alkylene group are each
independently optionally substituted with an oxygen atom,
—CO—, —COO—, or —OCO— such that oxygen atoms
are not directly bonded to each other, and one or more
hydrogen atoms contained in the alkylene group are each
independently optionally substituted with a fluorine atom, a
methyl group, or an ethyl group);

A'? and A'S each independently represent a linear alkyl
group having 2 to 20 carbon atoms (one or more methylene
groups contained in the linear alkyl group are each inde-
pendently optionally substituted with an oxygen atom,
—CO—, —COO—, or —OCO— such that oxygen atoms
are not directly bonded to each other);

A'* and A'7 each independently represent a hydrogen atom
or an alkyl group having 1 to 10 carbon atoms (one or more
methylene groups contained in the alkyl group are each
independently optionally substituted with an oxygen atom,
—CO—, —COO—, or —OCO— such that oxygen atoms
are not directly bonded to each other, and one or more
hydrogen atoms contained in the alkyl group are each
independently optionally substituted with a halogen atom or
an alkyl group having 1 to 9 carbon atoms); and

A'® represents an alkylene group having 9 to 16 carbon
atoms (in at least 1 to 5 methylene groups contained in the
alkylene group, one hydrogen atom of each of the methylene
groups is independently optionally substituted with a linear
or branched alkyl group having 1 to 10 carbon atoms, and
one or more methylene groups contained in the alkylene
group are each independently optionally substituted with an
oxygen atom, —CO—, —COO—, or —OCO— such that
oxygen atoms are not directly bonded to each other

[Chem. 11]

(X1a-2)

A2l A22

,C=C—C00—¢CH,3—0C0—C==C1,

(where A*' and A®* each independently represent a hydrogen
atom or a methyl group, and a is an integer from 6 to 22)

[Chem. 12]
(X1a-3)
A Cataan A%
H,C=C—C000—£CH, 35— C —CH, —0C0— C=CH,
(|3eHze+1
(where A*' and A** each independently represent a hydrogen
atom or a methyl group; b, ¢, and d each independently

represent an integer from 1 to 10; and e represents an integer
from 0 to 6)
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[Chem. 13]
X1a-4)
A4l
CH;—¢ CHy35— CH— CHy 55— 0CO—C=CH,
CHg—eCHﬁq—CH—eCHz—)n—oco—?=CH2
A42

(where A*' and A** each independently represent a hydrogen
atom or a methyl group; and m, n, p, and q each indepen-
dently represent an integer from 1 to 10)

Examples of the linear alkyl groups having 2 to 20 carbon
atoms as A” and A'® in General Formula (X1a-1) include the
same linear alkyl groups as the examples of A® and A°, a
nonadecyl group, and an icosyl group.

Examples of the alkyl groups having 1 to 10 carbon atoms
as A" and A'” in General Formula (X1a-1) are the same as
examples of the alkyl groups as A> and A® except that the
number of carbon atoms is different.

Examples of the alkylene groups having 1 to 15 carbon
atoms as A'? and A'® in General Formula (X1a-1) are the
same as the examples of the alkylene groups as A2.

Examples of the alkylene groups having 9 to 16 carbon
atoms as A'® in General Formula (X1a-1) include divalent
groups formed by removal of one hydrogen atom from the
alkyl groups having 9 to 16 carbon atoms as A> and A°.

Examples of the alkyl groups having 1 to 9 carbon atoms,
with which hydrogen atoms of the alkyl groups as A'* and
A'7 are substituted, and examples of the linear or branched
alkyl group having 1 to 10 carbon atoms, with which a
hydrogen atom of the alkylene group as A'® is substituted,
are the same as the examples of the alkyl groups as A® and
AS except that the number of carbon atoms is different.

Examples of the halogen atoms, with which hydrogen
atoms of the alkyl groups as A'* and A'7 are substituted, are
the same as the examples of the halogen atoms as A and A®.

Among compounds represented by General Formula
(Xla-1), a compound in which each of A and A" repre-
sents a hydrogen atom is preferred rather than a compound
in which each of A'! and A" represents a methyl group
because the former has a higher rate of polymerization.

Among compounds represented by General Formula
(Xla-1), a compound in which A'? and A'® each indepen-
dently represent a single bond or an alkylene group having
1 to 3 carbon atoms is preferred. The distance between the
two polymerizable groups can be adjusted by independently
changing the number of carbon atoms in the chain of each
of A%, A'®, and A'®. The compound represented by General
Formula (Xla-1) is characterized in that the distance
between the polymerizable groups (distance between cross-
linking points) is long; however, if this distance is too long,
the rate of polymerization becomes extremely low, which
adversely affects phase separation. Hence, the distance
between the polymerizable groups has an upper limit. In
addition, the distance between the two side chains A'* and
A'S has an effect on the mobility of the main chain. In
particular, if the distance between the side chains A'® and
A is short, A'® and A'® interfere with each other, which
results in a decrease in the mobility. Thus, in the compound
represented by General Formula (Xla-1), the distance
between the polymerizable groups is determined by the sum
of A’ A'® and A'®, and elongating A*® is preferred rather
than elongating A'* and A'®,
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In the side chains A, A A'® and A'7, the lengths
thereof are preferably as follows.

In General Formula (X1a-1), A*® and A'* are bonded to
the same carbon atom on the main chain; in the case where
these side chains have different lengths, the longer side chain
is defined as A'? (in the case where A'* and A'* have the
same length, either one of them is defined as A'?). Similarly,
in the case where the side chains A'® and A'” have different
lengths, the longer side chain is defined as A’ (in the case
where A'® and A'” have the same length, either one of them
is defined as A'°).

In the present invention, such A'® and A'S each indepen-
dently represent a linear alkyl group having 2 to 20 carbon
atoms (one or more methylene groups contained in the linear
alkyl group are each independently optionally substituted
with an oxygen atom, —CO—, —COO—, or —OCO—
such that oxygen atoms are not directly bonded to each
other); preferably each independently represent a linear
alkyl group having 2 to 18 carbon atoms (one or more
methylene groups contained in the linear alkyl group are
each independently optionally substituted with an oxygen
atom, —CO—, —COO—, or —OCO— such that oxygen
atoms are not directly bonded to each other); and more
preferably each independently represent a linear alkyl group
having 3 to 15 carbon atoms (one or more methylene groups
contained in the linear alkyl group are each independently
optionally substituted with an oxygen atom, —CO—,
—COO—, or —OCO— such that oxygen atoms are not
directly bonded to each other).

Since side chains have a higher mobility than the main
chain, the presence thereof contributes to an enhancement in
the mobility of the polymer chain at low temperature;
however, the mobility is decreased in the case where spatial
interference occurs between two side chains as described
above. In order to prevent such spatial interference between
two side chains, it is effective to elongate the distance
between the side chains and to decrease the lengths of the
side chains to the necessary extent.

In the present invention, A** and A'” each independently
represent a hydrogen atom or an alkyl group having 1 to 10
carbon atoms (one or more methylene groups present in the
alkyl group are each independently optionally substituted
with an oxygen atom, —CO—, —COO—, or —OCO—
such that oxygen atoms are not directly bonded to each
other, and one or more hydrogen atoms present in the alkyl
group are each independently optionally substituted with a
halogen atom or an alkyl group having 1 to 9 carbon atoms);
preferably each independently represent a hydrogen atom or
an alkyl group having 1 to 7 carbon atoms (one or more
methylene groups present in the alkyl group are each inde-
pendently optionally substituted with an oxygen atom,
—CO—, —COO—, or —OCO— such that oxygen atoms
are not directly bonded to each other); more preferably each
independently represent a hydrogen atom or an alkyl group
having 1 to 5 carbon atoms (one or more methylene groups
present in the alkyl group are each independently optionally
substituted with an oxygen atom, —CO—, —COO—, or
—OCO— such that oxygen atoms are not directly bonded to
each other); and further preferably each independently rep-
resent a hydrogen atom or an alkyl group having 1 to 3
carbon atoms (one or more methylene groups present in the
alkyl group are each independently optionally substituted
with an oxygen atom, —CO—, —COO—, or —OCO—
such that oxygen atoms are not directly bonded to each
other).

Likewise, the extraordinary lengths of A** and A'” induce
the spatial interference between the side chains and are
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therefore not preferred. In the case where A and A'7 are
short alkyl chains, it is believed that they can be side chains
having a high mobility and serve to inhibit the approach of
adjacent main chains to each other. It is assumed that an
effect of preventing the interference between polymer main
chains enhances the mobility of the main chains, so that an
increase in anchoring energy at low temperature can be
reduced; thus, it is effective to improve the display charac-
teristics of a polymer stabilized liquid crystal display device
in a low-temperature range.

A" positioned between the two side chains is preferably
long in terms of both a change in the distance between the
side chains and an increase in the distance between the
crosslinking points for a decrease in glass transition point. In
the case where A” is extraordinarily long, the molecular
weight of the compound represented by General Formula
(X1a-1) becomes too large with the result that solubility in
the liquid crystal composition is reduced, and the rate of
polymerization becomes too slow with the result that phase
separation is adversely affected; for these reasons, the length
eventually has an upper limit.

Accordingly, A"® preferably represents an alkylene group
having 9 to 16 carbon atoms (in at least 1 to 5 methylene
groups contained in the alkylene group, one hydrogen atom
of each methylene group is independently optionally sub-
stituted with a linear or branched alkyl group having 1 to 10
carbon atoms, and one or more methylene groups contained
in the alkylene group are each independently optionally
substituted with an oxygen atom, —CO—, —COO—, or
—OCO— such that oxygen atoms are not directly bonded to
each other).

In particular, the alkylene chain length of A" is preferably
9 to 16 carbon atoms. In the case where a hydrogen atom
contained in the alkylene group as A'® is substituted with an
alkyl group having 1 to 10 carbon atoms, the number of the
alkyl groups for the substitution is preferably from 1 to 5,
more preferably 1 to 3, and further preferably 2 or 3. The
substituent alkyl group preferably has 1 to 5 carbon atoms,
and more preferably 1 to 3 carbon atoms.

The compound represented by General Formula (X1a-1)
can be produced by known techniques described in, for
instance, 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.

A compound, for example, represented by General For-
mula (X1a-1) in which each of A" and A'” is a hydrogen
atom can be obtained as follows: a compound having
multiple epoxy groups is allowed to react with a polymer-
izable compound having active hydrogen that can react with
the epoxy groups, such as acrylic acid or methacrylic acid,
to synthesize a polymerizable compound having hydroxyl
groups, and then the polymerizable compound is allowed to
react with a saturated fatty acid.

Such a compound is also obtained as follows: a compound
having multiple epoxy groups is allowed to react with a
saturated fatty acid to synthetize a compound having
hydroxyl groups, and then this compound is allowed to react
with a polymerizable compound having groups which can
react with the hydroxyl groups, such as acrylic acid chloride.

In the case where a radically polymerizable compound is,
for instance, represented by General Formula (Xla-1) in
which each of A'* and A'7 is an alkyl group and in which
each of A'? and A'® is a methylene group having one carbon
atom, this compound can be obtained by the following
technique: a technique involving the reaction of a compound
having multiple oxetane groups with a fatty acid chloride or
fatty acid which can react with the oxetane groups and the
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further reaction with a polymerizable compound having
active hydrogen, such as acrylic acid, or a technique involv-
ing the reaction of a compound having one oxetane group
with a polyvalent fatty acid chloride or fatty acid which can
react with the oxetane group and the further reaction with a
polymerizable compound having active hydrogen, such as
acrylic acid.

In the case where each of A'* and A'® in General Formula
(X1a-1) is an alkylene group having three carbon atoms
(propylene group, —CH,CH,CH,—), such a compound can
be obtained by using a compound having multiple furan
groups instead of oxetane groups. In the case where each of
A'? and A'® in General Formula (X1a-1) is an alkylene
group having four carbon atoms (butylene group,
—CH,CH,CH,CH,—), such a compound can be obtained
by using a compound having multiple pyran groups instead
of oxetane groups.

Among compounds represented by General Formula
(X1a-1), which can be obtained in this manner, a compound
represented by General Formula (X1a-1-1) is particularly
preferred.

[Chem. 14]
(Xla-1-1)

All Al3 A16 A32

LC=C—C00—A?'—C—AS—C— A¥—0CcOo—C=CH,

Al4’ Al7’

(where A" and A™® each independently represent a hydrogen
atom or a methyl group;

A'? and A'® each represent a methylene group;

A'? and A'® each independently represent a linear alkyl
group having 2 to 20 carbon atoms (one or more methylene
groups contained in the linear alkyl group are each inde-
pendently optionally substituted with an oxygen atom,
—CO—, —COO—, or —OCO— such that oxygen atoms
are not directly bonded to each other);

A" and A" each independently represent an alkyl group
having 1 to 10 carbon atoms; and
A'? represents an alkylene group having 9 to 16 carbon
atoms (in at least 1 to 5 methylene groups contained in the
alkylene group, one hydrogen atom of each methylene group
is independently optionally substituted with a linear or
branched alkyl group having 1 to 10 carbon atoms, and one
or more methylene groups contained in the alkylene group
are each independently optionally substituted with an oxy-
gen atom, —CO—, —COO—, or —OCO— such that
oxygen atoms are not directly bonded to each other)
Examples of the alkyl groups as A'* and A*” are the same
as the examples of the alkyl groups as A'* and A"7.

A compound represented by General Formula (X1a-1-1)
in which the total number of —COO— and —OCO—in A"
is not more than two and in which the number of each of
—CO0O— and —OCO— in A" and A6 is not more than
one is particularly preferred; specific examples of such a
compound include compounds represented by Formulae
(X1a-101) to (X1a-109).
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[Chem. 15]
(X1a-101)
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0 0
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A( \H/\/\J\ o o A
0 0
N N NP AN
(X1a-102)
0
o 0
/\"/O O\”/\/\/\/\)‘\O O)k/
0 0
0
(X1a-103)

(X1a-104)
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-continued
(X1a-105)
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(0] (0]
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[Chem. 16]
(X1a-106)
(0] (0]
\*OQCOJ\/\/W\’(O OWI/\
@] (0]
O
O
(X1a-107)
(0]
OJWW
(0] (0]
A{O O\’(\/\/\/\/\/\/\/\/\)ko OJ\/
(0] (0]
/\/\/\/\/\[rO

0
(X1a-108)

(X1a-109)
NN
(0] (0]
/YO\JEOW/\/\)‘\O OJ\/
O O
I 0 Y Ve e N

In General Formula (X1b), the hydrocarbon group having cyclic and may be saturated or unsaturated. If the hydrocar-
1 to 18 carbon atoms as R® may be either of an aliphatic 65 bon group is cyclic, it may be monocyclic or polycyclic.
hydrocarbon group and an aromatic hydrocarbon group, and In particular, the hydrocarbon group having 1 to 18 carbon
the aliphatic hydrocarbon group may be linear, branched, or atoms as R® is preferably an aliphatic hydrocarbon group,
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and more preferably a saturated aliphatic hydrocarbon
group; examples thereof are the same as the examples of the
alkyl group having 1 to 18 carbon atoms as A* and A®, and
R® is especially preferably a linear or branched saturated
aliphatic hydrocarbon group.

Preferred examples of the compound represented by Gen-
eral Formula (X1b) include compounds in which each of
six-membered rings T, T2, and T° is a hydrocarbon ring.

In a compound represented by General Formula (Xlc),
the hydrocarbon group as R”' may be any hydrocarbon
group provided that it has fused rings; it may consist of only
fused rings or have both fused rings and another hydrocar-
bon group.

The fused rings may be either of aliphatic rings and
aromatic rings. The aliphatic rings may be either of saturated
aliphatic rings and unsaturated aliphatic rings or may have
both a saturated aliphatic ring and an unsaturated aliphatic
ring. The number of rings contained in the fused rings may
be two or more and is preferably from two to seven.

A hydrocarbon group other than the fused rings may be
either linear, branched, or cyclic or may have both a chain
structure (straight chain and/or branched chain) and a cyclic
structure. A hydrocarbon group both having a chain structure
and a cyclic structure may be either of a saturated hydro-
carbon group and an unsaturated hydrocarbon group, and a
hydrocarbon group having a cyclic structure may be either
of an alicyclic hydrocarbon group and an aromatic hydro-
carbon group.

Preferred examples of R”' include monovalent groups

formed by eliminating one hydrogen atom from steroids,
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and a monovalent group formed by eliminating one
hydroxyl group from cholesterol is preferred.

The second polymerizable compound is, for example,
preferably a compound having two polymerizable groups
but not corresponding to the first polymerizable compound.

The second polymerizable compound is preferably (meth)
acrylate and also preferably bifunctional (meth)acrylate hav-
ing two (meth)acryloyl groups.

In particular, the second polymerizable compound is
preferably at least one compound selected from the group
consisting of compounds represented by General Formula
(X2a).

[Chem. 18]

(X2a-101)

50
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[Chem. 17]
(X2a)

R? R*

H2C=C—COO—Z3—(-C4—Z4-)rTC5—ZS—OCO—C=CH2

(where R® and R* each independently represent a hydrogen
atom or a methyl group;
C* and C° each independently represent 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
decahydronaphthalene-2,6-diyl group, a 1,2,3,4-tetrahy-
dronaphthalene-2,6-diyl group, a phenanthrene-2,7-diyl
group, an anthracene-2,6-divl group, a 2,6-naphthylene
group, or an indane-2,5-diyl group (among these groups, one
or more hydrogen atoms of the 1,4-phenylene group, 1,2,3,
4-tetrahydronaphthalen-2,6-diyl  group, 2,6-naphthylene
group, and indane-2,5-diyl group are each independently
optionally substituted with a fluorine atom, a chlorine atom,
a methyl group, a trifluoromethyl group, or a trifluo-
romethoxy group);

7? and Z° each independently represent a single bond or an
alkylene group having 1 to 15 carbon atoms (one or more
methylene groups contained in the alkylene group are each
independently optionally substituted with an oxygen atom,
—CO—, —COO—, or —OCO— such that oxygen atoms
are not directly bonded to each other, and one or more
hydrogen atoms contained in the alkylene group are each
independently optionally substituted with a fluorine atom, a
methyl group, or an ethyl group);

7% 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,—, —CH=CHCOO—,

—OCOCH=CH—, —CO0—, or —0OCO—;

n® represents 0, 1, or 2; and in the case where n* is 2,
multiple C*s may be the same as or different from each
other, and multiple Z*'s may be the same as or different from
each other)

In General Formula (X2a), examples of the alkylene
group having 1 to 15 carbon atoms as Z> and Z> include
divalent groups formed by removal of one hydrogen atom
frgm the alkyl group having 1 to 15 carbon atoms as A® and
A°.

Preferred examples of the second polymerizable com-
pound include compounds represented by Formulae (X2a-
101) to (X2a-140).

(X22-102)

Z Yy X |
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[Chem. 19]

(X2a-116)

(X22-117) (X2a-118)

Ho-oo A Gy
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[Chem. 20]

O,
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A

(X22-139)

=y

(X2a-140)

OOy

Two or more of the polymerizable compounds may be 60

used for forming the orientation controlling layers; two to
four of the compounds are preferably used, two or three of
the compounds are more preferably used, and two of the
compounds are especially preferably used because they give
a stronger effect that droplet stains are less likely to occur in
production of liquid crystal display devices without degra-

dation of properties inherent in liquid crystal display devices
and image sticking properties of liquid crystal display
devices.

The content percentage of each of the polymerizable
compounds used for forming the orientation controlling

65 layers may be appropriately adjusted on the basis of the

number of types of polymerizable compounds to be used,
the content percentage is preferably in the range of 10 to 90
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mass %, and more preferably 14 to 86 mass % relative to the
total amount of the polymerizable compounds used.

In particular, in the case where only one first polymeriz-
able compound and one second polymerizable compound
are used for forming the orientation controlling layer, the
amount of the first polymerizable compound is preferably 1
to 8 times, and more preferably 1.5 to 6 times the amount of
the second polymerizable compound on a mass basis.

The liquid crystal composition contains a compound
represented by General Formula (I) and a compound repre-
sented by General Formula (II).

[Chem. 21]

M

Rl ) . ° RZC(

i

(where R'® and R** each independently represent an alkyl
group having 1 to 8 carbon atoms, an alkenyl group having
2 to 8 carbon atoms, an alkoxy group having 1 to 8 carbon
atoms, or an alkenyloxy group having 2 to 8 carbon atoms;
Q! represents a 1,4-phenylene group or a trans-1,4-cyclo-
hexylene group; 1' represents 1 or 2; and in the case where
1! is 2, the two Q"’s may be the same as or different from
each other)

[Chem. 22]

F
12

(where R** represents an alkyl group having 1 to 8 carbon
atoms, an alkenyl group having 2 to 8 carbon atoms, an
alkoxy group having 1 to 8 carbon atoms, or an alkenyloxy
group having 2 to 8 carbon atoms; R** represents an alkyl
group having 1 to 8 carbon atoms, an alkenyl group having
4 to 8 carbon atoms, an alkoxy group having 1 to 8 carbon
atoms, or an alkenyloxy group having 3 to 8 carbon atoms;
Q7 represents a 1,4-phenylene group or a trans-1,4-cyclo-
hexylene group; 1 represents 0, 1, or 2; in the case where 1
is 2, the two Q*s may be the same as or different from each
other; and G* is a single bond, —CH,CH,—, —CH,0—,
—OCH,—, —CF,0—, or —OCF,—)

In General Formula (I), the alkyl group having 1 to 8
carbon atoms as each of R'® and R>* may be linear,
branched, or cyclic and is preferably linear or branched;
examples thereof include a methyl group, an ethyl group, an
n-propyl group, an isopropyl group, an n-butyl group, an
isobutyl group, a sec-butyl group, a tert-butyl group, an
n-pentyl group, an isopentyl group, a neopentyl group, a
tert-pentyl group, a 1-methylbutyl group, an n-hexyl group,
a 2-methylpentyl group, a 3-methylpentyl group, a 2,2-
dimethylbutyl group, a 2,3-dimethylbutyl group, an n-heptyl
group, a 2-methylhexyl group, a 3-methylhexyl group, a
2,2-dimethylpentyl group, a 2,3-dimethylpentyl group, a
2,4-dimethylpentyl group, a 3,3-dimethylpentyl group, a
3-ethylpentyl group, a 2,2,3-trimethylbutyl group, an n-octyl
group, and an isooctyl group.

an

R4o(

15

20

25

30

35

40

45

55

60

65

30

The alkyl group as each of R*® and R*“ preferably has one
to six carbon atoms.

Examples of the alkenyl group having 2 to 8 carbon atoms
as each of R'® and R* in General Formula (I) include
monovalent groups formed by substituting one single bond
(C—C) between carbon atoms in the alkyl groups having 2
to 8 carbon atoms as R'® and R** with a double bond
(C=C), such as an ethenyl group (vinyl group) and a
2-propenyl group (allyl group).

The alkenyl group as each of R'* and R** preferably has
two to six carbon atoms and more preferably has any of the
following structures.

7 7\ _J

(where in each of the alkenyl groups, the oxygen atom at the
right end is bonded to the ring structure)

In General Formula (I), examples of the alkoxy group
having 1 to § carbon atoms as each of R'* and R>* include
monovalent groups formed by bonding of an alkyl groups
having 1 to 8 carbon atoms as R'* and R®** to an oxygen
atom, such as a methoxy group and an ethoxy group.

The alkoxy group as each of R'® and R*“ preferably has
one to six carbon atoms, more preferably one to five carbon
atoms, and especially preferably one to three carbon atoms.

In General Formula (I), examples of the alkenyloxy group
having 2 to § carbon atoms as each of R'® and R*® include
monovalent groups formed by bonding of the alkenyl group
having 2 to 8 carbon atoms as R'“ and R** to an oxygen
atom, such as an ethenyloxy group and a 2-propenyloxy
group.

The alkenyloxy group as each of R'® and R** preferably
has two to six carbon atoms.

Preferred examples of the compound represented by Gen-
eral Formula (1) include compounds in which R'® and R**
are a combination of the alkyl groups, the alkyl group and
the alkoxy group, or the alkyl group and the alkenyl group.

Furthermore, preferred examples of the compound repre-
sented by General Formula (I) include compounds repre-
sented by General Formulae (I-1) to (I-4).

[Chem. 24]

Rlu‘O_Qi RZC(
Rla . O O Rzu

(where R'* and R** are the same as described above)

T
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The amount of the compound represented by General
Formula (I) in the liquid crystal composition is preferably in
the range of 30 to 65 mass %, and more preferably 35 to 55
mass %.

In General Formula (II), R* has the same meaning as
each of R' and R*“.

In General Formula (II), examples of the alkyl group and
alkoxy group each having 1 to 8 carbon atoms as R** are the
same as the examples of the alkyl group and alkoxy group
each having 1 to 8 carbon atoms as each of R'* and R**,

[Chem. 26]

In General Formula (II), examples of the alkenyl group
having 4 to 8 carbon atoms and the alkenyloxy group having
3 to 8 carbon atoms as R** are the same as the examples of
the alkenyl group and alkenyloxy group as each of R'® and
R>* except for differences in the number of carbon atoms.

The alkyl groups as R** and R** each independently
preferably have one to six carbon atoms, and more prefer-
ably one to five carbon atoms.

The alkoxy groups as R** and R** each independently
preferably have one to six carbon atoms, and more prefer-
ably one to five carbon atoms.

Preferred examples of the compound represented by Gen-
eral Formula (IT) include compounds in which R** is the
alkyl group, compounds in which R** is the alkoxy group,
compounds in which I is 0 or 1, and compounds in which
G' is a single bond.

Preferred examples of the compound represented by Gen-
eral Formula (II) include compounds represented by General
Formulae (I1-1) to (II-3).

[Chem. 25]
1)
F T
R3 a R4o(

; : a2

R3 o R4cx
; ; (I1-3)

R4cx

(where R** and R** are the same as described above)

The amount of the compound represented by General
Formula (II) in the liquid crystal composition is preferably
in the range of 30 to 65 mass %, and more preferably 35 to
55 mass %.
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In the liquid crystal composition, [the amount of the
compound represented by General Formula (II)]/[the
amount of the compound represented by General Formula
(D] (mass ratio) is preferably in the range of 8/2 to 2/8, more
preferably 7/3 to 3/7, and especially preferably 6/4 to 4/6.

In addition to the compounds represented by General
Formulae (I) and (II), the liquid crystal composition may
contain a compound represented by General Formula (II1),
which is different therefrom.

(I

(where R>* and R%* each independently represent an alkyl
group having 1 to 8 carbon atoms, an alkenyl group having
2 to 8 carbon atoms, an alkoxy group having 1 to 8 carbon
atoms, or an alkenyloxy group having 2 to 8 carbon atoms
(where one or more methylene groups contained in the alkyl
group, alkenyl group, alkoxy group, or alkenyloxy group are
each independently optionally substituted with an oxygen
atom or —CO— such that oxygen atoms are not directly
bonded to each other, and one or more hydrogen atoms
contained in the alkylene group are each optionally substi-
tuted with fluorine atoms); Q? is a 1,4-phenylene group or a
tetrahydropyran-2,5-diyl group; I represents 0 or 1; G
represents a single bond, —CH,O0—, —OCH,—,
—CF,0—, or —OCF,—; L' to L% each independently
represent a hydrogen atom or a fluorine atom; at least two of
L' to LS each represent a fluorine atom; and in the case
where I represents 0 and where G represents a single bond,
each of L® and L does not reptesent a fluorine atom)

In General Formula (II1), the alkyl group having 1 to 8
carbon atoms, the alkenyl group having 2 to 8 carbon atoms,
the alkoxy group having 1 to 8 carbon atoms, and the
alkenyloxy group having 2 to 8 carbon atoms as each of R>*
and R®* have the same meanings as those as each of R and
R

Preferred examples of the compound represented by Gen-

eral Formula (IIT) include compounds represented by Gen-
eral Formula (III-1).

[Chem. 27]

RSU‘ O O O RGU‘

(where R** and R°* are the same as described above)

(II-1)

In addition to the compounds represented by General
Formulae (I) and (II), the liquid crystal composition may
contain a compound represented by General Formula (IV),
which is different therefrom.
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(where R7* and R®® each independently represent an alkyl
group having 1 to 10 carbon atoms, an alkenyl group having
2 to 10 carbon atoms, or an alkoxy group having 1 to 10
carbon atoms)

In General Formula (IV), the alkyl group having 1 to 10
carbon atoms as each of R’ and R®* may be linear,
branched, or cyclic and is preferably linear or branched;
examples thereof include a methyl group, an ethyl group, an
n-propyl group, an isopropyl group, an n-butyl group, an
isobutyl group, a sec-butyl group, a tert-butyl group, an
n-pentyl group, an isopentyl group, a neopentyl group, a
tert-pentyl group, a 1-methylbutyl group, an n-hexyl group,
a 2-methylpentyl group, a 3-methylpentyl group, a 2,2-
dimethylbutyl group, a 2,3-dimethylbutyl group, an n-heptyl
group, a 2-methylhexyl group, a 3-methylhexyl group, a
2,2-dimethylpentyl group, a 2,3-dimethylpentyl group, a
2,4-dimethylpentyl group, a 3,3-dimethylpentyl group, a
3-ethylpentyl group, a 2,2,3-trimethylbutyl group, an n-octyl
group, an isooctyl group, a nonyl group, and a decyl group.

The alkyl group as each of R'® and R** preferably has one
to six carbon atoms.

Examples of the alkenyl group having 2 to 10 carbon
atoms as each of R’* and R** in General Formula (IV)
include monovalent groups formed by substituting one
single bond (C—C) between carbon atoms in the alkyl
groups having 2 to 10 carbon atoms as R’* and R** with a
double bond (C=C).

The alkenyl group as each of R7* and R** preferably has
two to six carbon atoms, and examples thereof are the same
as in R'* and R>%,

In General Formula (IV), examples of the alkoxy group
having 1 to 10 carbon atoms as each of R’* and R®* include
monovalent groups formed by bonding of the alkyl groups
having 1 to 10 carbon atoms as R’* and R** to an oxygen
atom, such as a methoxy group and an ethoxy group.

In addition to the compounds represented by General
Formulae (I) and (II), the liquid crystal composition may
contain a compound represented by General Formula (V),
which is different therefrom.

[Chem. 28]
Iw)

[Chem. 29]

V)
F F

« O e O -
14

(where R°* and R?°* each independently represent an alkyl
group having 1 to 18 carbon atoms, an alkenyl group having
2 to 18 carbon atoms, an alkoxy group having 1 to 18 carbon
atoms, or an alkenyloxy group having 2 to 18 carbon atoms;
Q* represents a 1,4-phenylene group or a trans-1,4-cyclo-
hexylene group; and I* represents 0 or 1)

In General Formula (V), the alkyl group having 1 to 18
carbon atoms as each of R** and R'°* may be linear,
branched, or cyclic and is preferably linear or branched;
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examples thereof include a methyl group, an ethyl group, an
n-propyl group, an isopropyl group, an n-butyl group, an
isobutyl group, a sec-butyl group, a tert-butyl group, an
n-pentyl group, an isopentyl group, a neopentyl group, a
tert-pentyl group, a 1-methylbutyl group, an n-hexyl group,
a 2-methylpentyl group., a 3-methylpentyl group, a 2,2-
dimethylbutyl group, a 2,3-dimethylbutyl group, an n-heptyl
group, a 2-methylhexyl group, a 3-methylhexyl group, a
2,2-dimethylpentyl group, a 23-dimethylpentyl group, a
2,4-dimethylpentyl group, a 3,3-dimethylpentyl group, a
3-ethylpentyl group, a 2,2,3-trimethylbutyl group, an n-octyl
group, an isooctyl group, a nonyl group, a decyl group, an
undecyl group, a dodecyl group, a tridecyl group, a tetra-
decyl group, a pentadecyl group, a hexadecyl group, a
heptadecyl group, and an octadecyl group.

The alkyl group as each of R°* and R'°* preferably has
1 to 10 carbon atoms, and more preferably 1 to 6 carbon
atoms.

Examples of the alkenyl group having 2 to 18 carbon
atoms as each of R°* and R'* in General Formula (V)
include monovalent groups formed by substituting one
single bond (C—C) between carbon atoms in the alkyl
groups having 2 to 18 carbon atoms as R”* and R'°* with
a double bond (C=C).

The alkenyl group as each of R°* and R'%* preferably has
two to six carbon atoms, and examples thereof are the same
as in R'® and R**.

In General Formula (V), examples of the alkoxy group
having 1 to 18 carbon atoms as each of R”* and R"°* include
monovalent groups formed by bonding of the alkyl groups
having 1 to 18 carbon atoms as R** and R'°* to an oxygen
atom, such as a methoxy group and an ethoxy group.

The alkoxy group as R®* and R*°* preferably has 1 to 10
carbon atoms, and more preferably 1 to 6 carbon atoms.

In General Formula (V), examples of the alkenyloxy
group having 2 to 18 carbon atoms as each of R”* and R***
include monovalent groups formed by bonding of the alk-
enyl groups having 2 to 18 carbon atoms as R°* and R'°* to
an oxygen atom, such as an ethenyloxy group and 2-prope-
nyloxy group.

Preferred examples of the compound represented by Gen-
eral Formula (V) include compounds represented by General
Formula (V-1).

[Chem. 30]

v-1
F F

Rga O O Rl ’

(where R°* and R'%* are the same as described above)

The amount of components such as the compounds rep-
resented by General Formulae (TIT), (TV), and (V), which are
different from the compounds represented by General For-
mulae (I) and (II), in the liquid crystal composition is
preferably not more than 25 mass %, and more preferably
not more than 20 mass %.

The liquid crystal display device 10 may further include
a passivation film (not illustrated) formed at at least one of
the positions between the first substrate 11 and the liquid
crystal layer 13 and between the second substrate 12 and the
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liquid crystal layer 13. The passivation film provided in this
manner can protect the surface of the adjacent first substrate
11 or second substrate 12.

The liquid crystal display device 10 may further include
a planarization film (not illustrated) formed at at least one of
positions between the first substrate 11 and the liquid crystal
layer 13 and between the second substrate 12 and the liquid
crystal layer 13. The planarization film provided in this
manner further enhances properties inherent in liquid crystal
display devices. In the case where the surface of the passi-
vation film has a high flatness, such a passivation film may
also serve as the planarization film.

Each of the passivation film and the planarization film
may be known one where appropriate.

In the liquid crystal display device of the present inven-
tion, a liquid crystal composition in which the specific
compounds represented by General Formulae (I) and (IT) are
used as liquid crystal molecules is used in combination with
the orientation controlling layers formed of two or more
polymerizable compounds; thus, in a state in which voltage
is not applied, liquid crystal molecules are aligned to be
substantially vertical to the substrate planes without align-
ment films being provided between the first substrate and the
liquid crystal layer and between the second substrate and the
liquid crystal layer, which makes the liquid crystal display
device distinct from existing liquid crystal display devices.
Image sticking and droplet stains that occur in a production
process can be reduced without degradation of properties
such as dielectric anisotropy, viscosity, the upper limit of the
temperature of a nematic phase, and rotational viscosity (y, ).
<Method for Manufacturing Liquid Crystal Display
Device>

The liquid crystal display device 10 illustrated in FIG. 1
can be manufactured, for example, as follows.

The first substrate 11 and the second substrate 12 are
placed so as to face each other, and a liquid-crystal-contain-
ing polymerization composition that is used for forming the
liquid crystal layer 13 and the orientation controlling layers
in the below step is disposed therebetween. The liquid-
crystal-containing polymerization composition contains
the compound represented by General Formula (I), the
compound represented by General Formula (II), and two or
more of the polymerizable compounds as essential compo-
nents.

Specifically, spacer protrusions for securing a cell gap,
such as plastic beads, are distributed on any one of the facing
planes of the first and second substrates 11 and 12, and a
sealing portion is printed (formed) thereon by screen print-
ing with, for instance, an epoxy adhesive. The second-
substrate-12-facing plane of the first substrate 11 is the plane
on which the common electrode 14 and the color filter 18 are
provided, and the first-substrate-11-facing plane of the sec-
ond substrate 12 is the plane on which the pixel electrodes
15 are provided.

Next, after the first substrate 11 and the second substrate
12 are placed so as to face each other and attached to each
other with the spacer protrusions and sealing portion inter-
posed therebetween, the liquid-crystal-containing polymer-
ization composition is injected into the defined space. The
sealing portion is cured by heating or another technique to
hold the liquid-crystal-containing polymerization composi-
tion between the first substrate 11 and the second substrate
12.

Then, voltage is applied between the common electrode
14 and the pixel electrodes 15 with a voltage applying unit.
The voltage is, for instance, in the range of 5 to 30 V. The
application of voltage generates an electric field in a direc-
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tion that defines a predetermined angle with respect to the
adjacent plane of the first substrate 11 to the liquid-crystal-
containing polymerization composition (plane facing the
liquid-crystal-containing polymerization composition) and
the adjacent plane of the second substrate 12 to the liquid-
crystal-containing polymerization composition (plane fac-
ing the liquid-crystal-containing polymerization composi-
tion), and thus the liquid crystal molecules 19 in the liquid-
crystal-containing  polymerization — composition  (the
compound represented by General Formula (I) and the
compound represented by General Formula (IT)) are aligned
in a direction tilted at the intended angle with respect to the
direction normal to the first substrate 11 and the second
substrate 12, which gives the liquid crystal molecules 19 a
pretilt angle 6 as illustrated in FIG. 3. The pretilt angle 6 can
be controlled by appropriately adjusting the voltage.

Then, in a state in which the voltage has been applied, an
active energy ray such as ultraviolet is emitted, for example,
from the outside of the first substrate 11 to the liquid-crystal-
containing polymerization composition to polymerize the
two or more polymerizable compounds. The active energy
ray may be radiated from the outside of the second substrate
12 or from both the outside of the first substrate 11 and the
outside of the second substrate 12.

The irradiation with the active energy ray enables the
reaction of the two or more polymerizable compounds in the
liquid-crystal-containing polymerization composition, so
that the liquid-crystal-containing polymerization composi-
tion is converted into a liquid crystal composition having a
specific composition to serve as the liquid crystal layer 13
and that also the orientation controlling layers are formed
between the first substrate 11 and the liquid crystal layer 13
and between the second substrate 12 and the liquid crystal
layer 13.

The formed orientation controlling layers give the pretilt
angle 6 to the liquid crystal molecules 19 positioned adja-
cent to the first substrate 11 and the second substrate 12 in
the liquid crystal layer 13 in a non-driven state.

The intensity of the active energy ray to be emitted may
be constant or variable. In the case where the intensity is
changed, time for the irradiation at each of the changed
intensities can be appropriately determined,; if the irradiation
procedure includes two or more steps, the intensity is
preferably smaller in the second and subsequent steps than
in the first step, and the total time for the irradiation and the
total energy of the radiated ray are greater in the second and
subsequent steps than in the first step. If the intensity is
discontinuously changed, it is preferred that the average
intensity of the radiated ray be stronger in the first half of the
total time of the radiation procedure than the latter half, it is
more preferred that the intensity be strongest immediately
after the start of the radiation, and it is further preferred that
the intensity constantly continue to be decreased to a certain
level as the lapse of time for the radiation. In this case, it is
preferred that the intensity of the active energy ray to be
radiated be from 2 to 100 mW/cm?, and it is more preferred
that the maximum intensity in the first step of the multistep
radiation or in the total radiation steps in the case of the
discontinuous change in the intensity be from 10 to 100
mW/cm?® and that the minimum intensity in the second and
subsequent steps of the multistep radiation or in the case of
the discontinuous change in the intensity be from 2 50
mW/cm?. The total amount of the radiated energy is pref-
erably in the range of 10 to 300 J, more preferably 50 to 250
1, and further preferably 100 to 250 I.

The voltage to be applied may be alternate voltage or
direct voltage.
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The active energy ray to be radiated preferably has
multiple spectra, and ultraviolet having multiple spectra is
preferably employed. The irradiation with an active energy
ray having multiple spectra enables two or more of the
polymerizable compounds to be polymerizable with active
energy rays having proper spectra (wavelengths) for their
types, which contributes to more efficient formation of the
orientation controlling layers.

The orientation controlling layers are composed of the
polymers of the polymerization compounds; for example,
the orientation controlling layer formed between the first
substrate 11 and the liquid crystal layer 13 does not neces-
sarily make the distinct boundary therebetween, and it is
presumed that the orientation controlling layer is formed so
as to enter the inside of the liquid crystal layer 13 from the
adjacent plane of the first substrate 11 to the liquid crystal
layer 13 (plane facing the liquid crystal layer 13) in the
vicinity of the first substrate 11 in some cases. Likewise, in
the vicinity of the second substrate 12, the orientation
controlling layer formed between the second substrate 12
and the liquid crystal layer 13 does not necessarily make the
distinct boundary therebetween, and it is presumed that the
orientation controlling layer is formed so as to enter the
inside of the liquid crystal layer 13 from the adjacent plane
of the second substrate 12 to the liquid crystal layer 13
(plane facing the liquid crystal layer 13) in the vicinity of the
second substrate 12 in some cases.

It 1s, however, difficult to describe the accurate configu-
rations of the orientation controlling layers.

In addition, the following is presumed: among the two or
more polymerizable compounds, compounds having similar
structures to each other are polymerized first by being
irradiated with an active energy ray, so that the liquid crystal
molecules are aligned in regions adjacent to the substrates
and that the direction of the pretilt is defined to be in the
intended direction, thereby controlling the alignment.

EXAMPLES

The present invention will now be further specifically
described with reference to Examples and Comparative
Examples but is not limited thereto. In Examples and
Comparative Examples, the term “wt %” refers to mass %.

In Examples and Comparative Examples, T, An, Ae, 1,
and y, are defined as follows.

T, Nematic phase-isotropic liquid phase transition tem-
perature (° C.)

An: Refractive index anisotropy at 25° C.

Ag: Dielectric anisotropy at 25° C.

1: Viscosity at 20° C. (mPa-s)

v,: Rotational viscosity at 25° C. (mPas)

Liquid crystal display devices produced in Examples and
Comparative Examples which will be described later were
subjected to evaluations of image sticking and droplet stains
as follows.

(Evaluation of Image Sticking)

In evaluation of image sticking in a liquid crystal display
device, a certain fixed pattern was displayed in a display area
for 1000 hours, and then an image was shown evenly on the
whole of the screen. Then, the degree of an afterimage of the
fixed pattern was visually observed, and result of the obser-
vation was evaluated on the basis of the following four
criteria.

Excellent: No afterimage observed

Good: Slight afterimage observed, but acceptable

Bad: Afterimage observed, unacceptable

Poor: Afterimage observed, quite inadequate
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(Evaluation of Droplet Stains)

In order to evaluate droplet stains in a liquid crystal
display apparatus, white droplet stains which emerged in an
entirely-black display mode were visually observed. Result
of the observation was evaluated on the basis of the follow-
ing four criteria.

Excellent: No afterimage observed
Good: Slight afterimage observed, but acceptable
Bad: Afterimage observed, unacceptable

Poor: Afterimage observed, quite inadequate

Example 1

A first substrate provided with a transparent electrode
layer as a transparent common electrode and a color filter
layer (common electrode substrate) and a second substrate
provided with transparent pixel electrodes driven by active
devices (pixel electrode substrate) were prepared. The pixel
electrodes used had slits, and thus each pixel was segmented
into four regions each having a different direction of pretilt.

A liquid-crystal-containing starting composition LC-1
that contained the following compounds corresponding to
the compounds represented by General Formulae (T), (IT),
and (IIT) in the specified content percentages was prepared.

[Chem. 31]

J_<:>_<:>_\ o

F F

12wt%

4wt %
/T

F F
12 wt%
O
F F
OO
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-continued
F
A
10 wt %
F F

Then, a compound represented by the below formula as
the first polymerizable compound represented by General
Formula (X1a) ((X1a-1-1)) (1.5 mass %) and a compound
represented by the below formula as the second polymeriz-
able compound represented by General Formula (X2a) (0.4
mass %) were added to the liquid-crystal-containing starting
composition LC-1 (98.0 mass %).

O\_

11 wt%

[Chem. 32]

5

10

15

20

40
ratus used was “USH-250BY” manufactured by USHIO
INC., and ultraviolet was radiated at 100 mW for 10
minutes.

Through this process, a liquid crystal display device was
produced.

In this liquid crystal display device, a pretilt angle 0 given
to the liquid crystal molecules was maintained even in a state
in which voltage was not applied and was 87°.

Table 1 shows results of the evaluations in the liquid
crystal display device. As shown in Table 1, the liquid
crystal display device had an excellent contrast and response
speed, excellent properties inherent in liquid crystal display
devices, and good effect on a reduction in the occurrence of
image sticking and droplet stains.

/\/\/\/\/\/\O

\)J\O OJ\/\/V\[O\/%O\@/\

0]

[Chem. 33]

Furthermore, a photopolymerization initiator “Igacure 6517
(0.1 mass %) was added thereto, and the added materials
were uniformly dissolved to prepare a liquid-crystal-con-
taining polymerization composition CLC-1.

Then, the first substrate and the second substrate were
attached to each other with a sealing portion interposed
therebetween; subsequently, the liquid-crystal-containing
polymerization composition CLC-1 was injected thereinto
without use of an alignment film, and the sealing portion was
cured to hold the liquid-crystal-containing polymerization
composition CLC-1. In this process, a spacer having a
thickness of 3.2 um was used to define the thickness of the
layer of the liquid-crystal-containing polymerization com-
position to be 3.2 um.

Then, in a state in which voltage had been applied, the
liquid-crystal-containing polymerization composition was
irradiated with ultraviolet in order to polymerize the first
polymerizable compound and the second polymerizable
compound. In this process, the ultraviolet irradiation appa-
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TABLE 1

T C. 75.4
A, 0.107
n, 1.485
e, 353
€, 6.45

TABLE 1-continued
Ae -29
n/mPa - s 20.2
y/mPa - s 142
Contrast 1300
Response speed/ms 14
Evaluation of droplet stains Excellent
Evaluation of image sticking Excellent

Example 2

A compound represented by the below formula as the first
polymerizable compound represented by General Formula
(X1b) (1.0 mass %) and a compound represented by the
below formula as the second polymerizable compound rep-
resented by General Formula (X2a) (0.4 mass %) were
added to the liquid-crystal-containing starting composition
LC-1 prepared in Example 1 (98.5 mass %).
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[Chem. 34]

\\ O
0
[Chem. 35]

Sy

Furthermore, a photopolymerization initiator “Igacure 6517
(0.1 mass %) was added thereto, the added materials were
uniformly dissolved to prepare a liquid-crystal-containing
polymerization composition CLC-1a, and this liquid-crys-
tal-containing polymerization composition CLC-la was
used. Except for this change, a liquid crystal display device
was produced as in Example 1.

In this liquid crystal display device, a pretilt angle 6 given
to the liquid crystal molecules was maintained even in a state
in which voltage was not applied and was 87.8°.

Table 2 shows results of the evaluations in the liquid
crystal display device. As shown in Table 2, the liquid
crystal display device had an excellent contrast and response
speed. excellent properties inherent in liquid crystal display

10
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devices, and good effect on a reduction in the occurrence of 3

image sticking and droplet stains.

TABLE 2
Ty/° C. 75.4
A, 0.107
1, 1.485
€, 3.55
€ 6.45
Ae -2.9
nmPa - s 20.2
y/mPa - s 142
Contrast 1450
Response speed/ms 14.2
Evaluation of droplet stains Excellent
Evaluation of image sticking Excellent

Comparative Example 1

A first substrate provided with a transparent electrode
layer as a transparent common electrode, a color filter layer,
and protrusions formed on a surface thereof to control the
direction of alignment of liquid crystal molecules (common
electrode substrate) and a second substrate provided with
transparent pixel electrodes driven by active devices and
protrusions formed on a surface thereof to control the
direction of alignment of liquid crystal molecules (pixel
electrode substrate) were prepared.

Then, a material for forming a vertical alignment film was
applied to each of the first substrate and the second substrate
by spin coating, and the coating was heated at 200° C. to
form a vertical alignment film having a thickness of 100 nm
on the surface of each substrate.

Except that these substrates having the vertical alignment
films were used to hold the liquid-crystal-containing starting
composition LC-1 therebetween instead of the liquid-crys-
tal-containing polymerization composition CLC-1 (the first
polymerizable compound, the second polymerizable com-
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pound, and the photopolymerization initiator were not used),
a liquid crystal display device was produced as in Example
1.

Table 3 shows results of the evaluations in the liquid
crystal display device. As shown in Table 3, the liquid
crystal display device was more unsatisfactory in response
speed and effect on a reduction in the occurrence of image
sticking and droplet stains than the liquid crystal display
devices of Examples 1 and 2.

TABLE 3

Tt C. 75.4
A, 0.107
n, 1.485
g, 3.55
e, 6.45
Ae -29
n/mPa - s 20.2
y/mPa - s 142
Contrast 1300
Response speed/ms 20
Evaluation of droplet stains Bad
Evaluation of image sticking Good

Example 3

A liquid-crystal-containing starting composition LC-2
that contained the following compounds corresponding to
the compounds represented by General Formulae (I), (II),
and (IIT) in the specified content percentages was prepared.

[Cherm. 36]

20 wt%

10 wt %
E F

13wt %

10 wt %

7wt %
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-continued
6 wt %
F F
8wt %
F F
(0]

10wt %

F F
11wt%

Then, a compound represented by the below formula as
the first polymerizable compound represented by General
Formula (X1a) (1.5 mass %) and a compound represented by
the below formula as the second polymerizable compound
represented by General Formula (X2a) (0.4 mass %) were
added to the liquid-crystal-containing starting composition
LC-2 (98.0 mass %).

[Chem. 37]

[0)
A{
0]
[Chem. 38]

; O\_/OO\_/O Y

Furthermore, a photopolymerization initiator “Igacure
6517 (0.1 mass %) was added thereto, and the added
materials were uniformly dissolved to prepare a liquid-
crystal-containing polymerization composition CLC-2.

The liquid-crystal-containing polymerization composi-
tion CLC-2 was used in place of the liquid-crystal-contain-
ing polymerization composition CLC-1, and a spacer having
a thickness of 3.5 pm was used instead of the spacer having
a thickness of 3.2 pum to define the thickness of the layer of
the liquid-crystal-containing polymerization composition to
be 3.5 um. Except for these changes, a liquid crystal display
device was produced as in Example 1.

In this liquid crystal display device, a pretilt angle 0 given
to the liquid crystal molecules was maintained even in a state
in which voltage was not applied and was 87.5°.

Table 4 shows results of the evaluations in the liquid
crystal display device. As shown in Table 4, the liquid
crystal display device had an excellent contrast and response
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speed, excellent properties inherent in liquid crystal display
devices, and good effect on a reduction in the occurrence of
image sticking and droplet stains.

TABLE 4
Ty/° C. 74.1
A, 0.097
n, 1.481
€y 3.36
€ 6.63
Ae -3.27
n/mPa - s 15.6
y/mPa - s 100
Contrast 1800
Response speed/ms 21
Evaluation of droplet stains Excellent
Evaluation of image sticking Excellent

Example 4

A compound represented by the below formula as the first
polymerizable compound represented by General Formula
(X1c) (1.2 mass %) and a compound represented by the
below formula as the second polymerizable compound rep-
resented by General Formula (X2a) (0.4 mass %) were
added to the liquid-crystal-containing starting composition
LC-2 prepared in Example 3 (98.3 mass %).

[Chem. 39]
O - : 5
\)ko
[Chem. 40]

T

Furthermore, a photopolymerization initiator “Igacure
6517 (0.1 mass %) was added thereto, the added materials
were uniformly dissolved to prepare a liquid-crystal-con-
taining polymerization composition CLC-2a, and this liquid-
crystal-containing polymerization composition CLC-2a was
used. Except for this change, a liquid crystal display device
was produced as in Example 3.

In this liquid crystal display device, a pretilt angle 6 given
to the liquid crystal molecules was maintained even in a state
in which voltage was not applied and was 87.9°.

Table 5 shows results of the evaluations in the liquid
crystal display device. As shown in Table 5, the liquid
crystal display device had an excellent contrast and response
speed, excellent properties inherent in liquid crystal display
devices, and good effect on a reduction in the occurrence of
image sticking and droplet stains.
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TABLE 5

Ty/° C. 74.1

" 0.097
1, 1.481
€, 3.36
€ 6.63
Ae -3.27
n/mPa - s 15.6
y,/mPa * s 100
Contrast 1830
Response speed/ms 209
Evaluation of droplet stains Excellent
Evaluation of image sticking Excellent

Comparative Example 2

A first substrate and second substrate each provided with
a vertical alignment film were prepared as in Comparative
Example 1.

These substrates having the vertical alignment films were
used to hold the liquid-crystal-containing starting composi-
tion LC-2 prepared in Example 3 therebetween instead of
the liquid-crystal-containing polymerization composition
CLC-1 (the first polymerizable compound, the second
polymerizable compound, and the photopolymerization ini-
tiator were not used), and a spacer having a thickness of 3.8
pm was used instead of the spacer having a thickness of 3.2
um to define the thickness of the layer of the liquid-crystal-
containing starting composition to be 3.8 pm. Except for
these changes, a liquid crystal display device was produced
as in Example 1.

Table 6 shows results of the evaluations in the liquid
crystal display device. As shown in Table 6, the liquid
crystal display device was more unsatisfactory in response
speed and effect on a reduction in the occurrence of image
sticking and droplet stains than the liquid crystal display
devices of Examples 3 and 4.

TABLE 6
Ty/° C. 75.4
A, 0.107
1, 1.485
€, 3.55
€ 6.45
Ae -2.9
n/mPa - s 20.2
y/mPa - s 142
Contrast 1400
Response speed/ms 28
Evaluation of droplet stains Bad
Evaluation of image sticking Good

Example 5

A liquid-crystal-containing starting composition L.C-3
that contained the following compounds corresponding to
the compounds represented by General Formulae (I), (1I),
(IV), and (V) in the specified content percentages was
prepared.

[Chem. 41]

14 wt %
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-continued

10 wt %

F F

10 wt %

8wt %

13wt %
8wt %

4wt %

F F
Sabats
\_

7wt %

12wt %
F F

11wt %

Then, a compound represented by the below formula as
the first polymerizable compound represented by General
Formula (X1a) ((X1a-1-1)) (1.5 mass %) and a compound
represented by the below formula as the second polymeriz-
able compound represented by General Formula (X2a) (0.4
mass %) were added to the liquid-crystal-containing starting
composition LC-3 (98.0 mass %).



US 10,344,214 B2

47

[Chem. 42]

0O 0O

\)ko 0 0

[Chem. 43]

e Sa Vet

/N

Furthermore, a photopolymerization initiator “Igacure 6517 20
(0.1 mass %) was added thereto, and the added materials
were uniformly dissolved to prepare a liquid-crystal-con-
taining polymerization composition CLC-3.

The liquid-crystal-containing polymerization composi-
tion CLC-3 was used in place of the liquid-crystal-contain-
ing polymerization composition CLC-1, and a spacer having
a thickness of 3.5 pm was used instead of the spacer having
a thickness of 3.2 pum to define the thickness of the layer of
the liquid-crystal-containing polymerization composition to
be 3.5 um. Except for these changes, a liquid crystal display
device was produced as in Example 1.

25

In this liquid crystal display device, a pretilt angle 8 given
to the liquid crystal molecules was maintained even in a state
in which voltage was not applied and was 87.7°.

Table 7 shows results of the evaluations in the liquid
crystal display device. As shown in Table 7, the liquid
crystal display device had an excellent contrast and response
speed, excellent properties inherent in liquid crystal display 4°
devices, and good effect on a reduction in the occurrence of
image sticking and droplet stains.

48

m

[Chem. 44]

OCH,

7 o\/\/ Ti —OCH;
/\"/ bt

0
[Chem. 45]

OO0
/N

Furthermore, a photopolymerization initiator “Igacure 6517
(0.1 mass %) was added thereto, the added materials were
uniformly dissolved to prepare a liquid-crystal-containing
polymerization composition CLC-3a, and this liquid-crys-
tal-containing polymerization composition CLC-3a was
used. Except for this change, a liquid crystal display device
was produced as in Example 5.

In this liquid crystal display device, a pretilt angle 6 given

TABLE 7 - APt -
45 to the liquid crystal molecules was maintained even in a state
KN/(’ C. 73-8‘98 in which voltage was not applied and was 87.4°.
n, 1.437 Table 8 shows results of the evaluations in the liquid
& Z'ég crystal display device. As shown in Table 8, the liquid
€ . . .
Ao 337 5o crystal display device ha.d an excel]er.lt c.ont.rast and response
n/mPa - s 15.5 speed, excellent properties inherent in liquid crystal display
1/mPa - s 94 devices, and good effect on a reduction in the occurrence of
Contrast 1600 . ficki d droplet stai
Response speedins 18 image sticking and droplet stains.
Evaluation of droplet stains Excellent
Evaluation of image sticking Excellent 55 TABLE 8
Taz® C. 734
A, 0.098
n, 1437
Example 6 €, 3.26
€ 6.63
60 Ae 337
A compound represented by the below formula as the first WmPa - s 155
polymerizable compound represented by General Formula yy/mPa - s 94
(X1a) (1.5 mass %) and a compound represented by the Contrast 1640
. Response speed/ms 18.2
below formula as the second polymerizable compound rep- . ‘
Evaluation of droplet stains Excellent
resented by General Formula (X2a) (0.3 mass %) were 65 Evaluation of image sticking Fxcellent

added to the liquid-crystal-containing starting composition
LC-3 prepared in Example 5 (98.1 mass %).
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Comparative Example 3

A first substrate and second substrate each provided with
a vertical alignment film were prepared as in Comparative
Example 1.

These substrates having the vertical alignment films were
used to hold the liquid-crystal-containing starting composi-
tion LC-3 prepared in Example 5 therebetween instead of
the liquid-crystal-containing polymerization composition
CLC-1 (the first polymerizable compound, the second
polymerizable compound, and the photopolymerization ini-
tiator were not used), and a spacer having a thickness of 3.5
pm was used instead of the spacer having a thickness of 3.2
pm to define the thickness of the layer of the liquid-crystal-
containing starting composition to be 3.5 um. Except for
these changes, a liquid crystal display device was produced
as in Example 1.

Table 9 shows results of the evaluations in the liquid
crystal display device. As shown in Table 9, the liquid
crystal display device was more unsatisfactory in response
speed and effect on a reduction in the occurrence of image
sticking and droplet stains than the liquid crystal display
devices of Examples 5 and 6.

TABLE 9
Ty/° C. 73.4
A, 0.098
1, 1.437
€, 3.26
€ 6.63
Ae -3.37
n/mPa - s 15.5
y/mPa - s 94
Contrast 1350
Response speed/ms 24
Evaluation of droplet stains Bad
Evaluation of image sticking Good

Example 7

A liquid-crystal-containing starting composition LC-4
that contained the following compounds corresponding to
the compounds represented by General Formulae (I), (II),
and (III) in the specified content percentages was prepared.

aOata

5wt%

IO_QO\

2wt %

[Chem. 46]

[Chem. 47]

~
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-continued
10wt %
F F
A
12wt %

8wt %
F F
14wt %

aGaUaWa

8wt %
F F

4wt %
2wt %

F F

A

13wt %

F F
13wt %

Then, a compound represented by the below formula as
the first polymerizable compound represented by General
Formula (X1a) (1.5 mass %) and a compound represented by
the below formula as the second polymerizable compound
represented by General Formula (X2a) (0.4 mass %) were
added to the liquid-crystal-containing starting composition
LC-4 (98.0 mass %).
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-continued
[Cher. 48]
: 6] 0 i

Furthermore, a photopolymerization initiator “Igacure 6517
(0.1 mass %) was added thereto, and the added materials
were uniformly dissolved to prepare a liquid-crystal-con-
taining polymerization composition CLC-4.

The liquid-crystal-containing polymerization composi-
tion CL.C-4 was used in place of the liquid-crystal-contain-
ing polymerization composition CLC-1, and a spacer having
a thickness of 3.5 pm was used instead of the spacer having
a thickness of 3.2 um to define the thickness of the layer of
the liquid-crystal-containing polymerization composition to
be 3.5 um. Except for these changes, a liquid crystal display
device was produced as in Example 1.

In this liquid crystal display device, a pretilt angle 6 given
to the liquid crystal molecules was maintained even in a state
in which voltage was not applied and was 88.0°.

Table 10 shows results of the evaluations in the liquid
crystal display device. As shown in Table 10, the liquid
crystal display device had an excellent contrast and response
speed, excellent properties inherent in liquid crystal display
devices, and good effect on a reduction in the occurrence of
image sticking and droplet stains.

TABLE 10
Ths° C. 71.0
A, 0.100
n, 1.482
e, 3.42
e, 7.09
Ae -3.67
n/mPa - s 16.2
y/mPa - s 104
Contrast 1600
Response speed/ms 16
Evaluation of droplet stains Excellent
Evaluation of image sticking Excellent

Example 8

A compound represented by the below formula as the first
polymerizable compound represented by General Formula
(X1a) (1.5 mass %) and a compound represented by the
below formula as the second polymerizable compound rep-
resented by General Formula (X2a) (0.4 mass %) were
added to the liquid-crystal-containing starting composition
LC-4 prepared in Example 7 (98.0 mass %).

[Chem. 49]
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-continued
[Chem. 50]
j [6] [6) i

Furthermore, a photopolymerization initiator “Igacure 6517
(0.1 mass %) was added thereto, the added materials were
uniformly dissolved to prepare a liquid-crystal-containing
polymerization composition CLC-4a, and this liquid-crys-
tal-containing polymerization composition CLC-4a was
used. Except for this change, a liquid crystal display device
was produced as in Example 7.

In this liquid crystal display device, a pretilt angle 6 given
to the liquid crystal molecules was maintained even in a state
in which voltage was not applied and was 87.3°.

Table 11 shows results of the evaluations in the liquid
crystal display device. As shown in Table 11, the liquid
crystal display device had an excellent contrast and response
speed, excellent properties inherent in liquid crystal display
devices, and good effect on a reduction in the occurrence of
image sticking and droplet stains.

TABLE 11
Tar® C. 71.0
A, 0.100
1, 1.482
€y 342
€ 7.09
Ae -3.67
n/mPa - s 16.2
y/mPa - s 104
Contrast 1660
Response speed/ms 16.8
Evaluation of droplet stains Excellent
Evaluation of image sticking Excellent

Comparative Example 4

A first substrate and second substrate each provided with
a vertical alignment film were prepared as in Comparative
Example 1.

These substrates having the vertical alignment films were
used to hold the liquid-crystal-containing starting composi-
tion LC-4 prepared in Example 7 therebetween instead of
the liquid-crystal-containing polymerization composition
CLC-1 (the first polymerizable compound, the second
polymerizable compound, and the photopolymerization ini-
tiator were not used), and a spacer having a thickness of 3.5
pm was used instead of the spacer having a thickness of 3.2
um to define the thickness of the layer of the liquid-crystal-
containing starting composition to be 3.5 pm. Except for
these changes, a liquid crystal display device was produced
as in Example 1.

Table 12 shows results of the evaluations in the liquid
crystal display device. As shown in Table 12, the liquid
crystal display device was more unsatisfactory in response
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speed and effect on a reduction in the occurrence of image
sticking and droplet stains than the liquid crystal display
devices of Examples 7 and 8.

54

tal-containing polymerization composition CLC-1b was
used. Except for this change, a liquid crystal display device
was produced as in Example 1.

In this liquid crystal display device, a pretilt angle 6 given

TABLE 17 > tothe liquid crystal molecules was maintained even in a state
Ty/° C 71.0 in which voltage was not applied and was 87.6°.
ﬁ: ?:igg Table 13 shows results of the evaluations in the liquid
& 342 crystal display device. As shown in Table 13, the liquid
Zis _;'23 10 crystal display device had an excellent contrast and response
nmPa - s 162 speed, excellent properties inherent in liquid crystal display
y/mPa - s 104 devices, and good effect on a reduction in the occurrence of
Contrast 1330 image sticking and droplet stains.
Response speed/ms 23
Evaluation of droplet stains Bad
Evaluation of image sticking Good 15 TABLE 13
Ty C 754
Example 9 A, 0.107
- n, 1.485
A compound represented by the below formula as the first g 3.55
polymerizable compound represented by General Formula e, 6.45
(X1b) (1.0 mass %) and a compomd represented by the Ae 9
below formula as the second polymerizable compound rep- Pa - s 202
resented by General Formula (X2a) (0.4 mass %) were 55 K '
added to the liquid-crystal-containing starting composition vi/mPa s 142
LC-1 prepared in Example 1 (98.5 mass %). Contrast 1470
Response speed/ms 14.5
Evaluation of droplet stains Excellent
[Chem. 51] 30 Evaluation of image sticking Excellent
< Example 10
35
[Chem. 52]
A compound represented by the below formula as the first
w polymerizable compound represented by General Formula
> < O (X1a) (1.0 mass %) and a compound represented by the
40 below formula as the second polymerizable compound rep-

[Chem. 53]

resented by General Formula (X2a) (0.4 mass %) were
added to the liquid-crystal-containing starting composition
LC-1 prepared in Example 1 (98.5 mass %).

[Chem. 54]

H..L@xh

Furthermore, a photopolymerization initiator “Igacure 6517
(0.1 mass %) was added thereto, the added materials were
uniformly dissolved to prepare a liquid-crystal-containing
polymerization composition CLC-1b, and this liquid-crys-

65

Furthermore, a photopolymerization initiator “Igacure 6517
(0.1 mass %) was added thereto, and the added materials
were uniformly dissolved to prepare a liquid-crystal-con-
taining polymerization composition CLC-1c¢, and this liquid-
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crystal-containing polymerization composition CLC-1c was
used. Except for this change, a liquid crystal display device
was produced as in Example 1.

In this liquid crystal display device, a pretilt angle 6 given
to the liquid crystal molecules was maintained even in a state
in which voltage was not applied and was 87.9°.

Table 14 shows results of the evaluations in the liquid
crystal display device. As shown in Table 14, the liquid
crystal display device had an excellent contrast and response
speed, excellent properties inherent in liquid crystal display
devices, and good effect on a reduction in the occurrence of
image sticking and droplet stains.

TABLE 14
Tps° C. 75.4
A, 0.107
n, 1.485
&, 355
e 645
Ae -2.9
n/mPa - s 20.2
yy/mPa - s 142
Contrast 1490
Response speed/ms 14.1
Evaluation of droplet stains Excellent
Evaluation of image sticking Excellent

Example 11

A compound represented by the below formula as the first
polymerizable compound represented by General Formula
(X1c) (1.2 mass %) and a compound represented by the
below formula as the second polymerizable compound rep-
resented by General Formula (X2a) (0.4 mass %) were
added to the liquid-crystal-containing starting composition
LC-2 prepared in Example 3 (98.3 mass %).

[Chem. 55]
0]
\)1\0
[Chem. 56]

H::W/

Furthermore, a photopolymerization initiator “Igacure 6517
(0.1 mass %) was added thereto, the added materials were
uniformly dissolved to prepare a liquid-crystal-containing
polymerization composition CLC-2b, and this liquid-crys-
tal-containing polymerization composition CLC-2b was
used. Except for this change, a liquid crystal display device
was produced as in Example 3.

In this liquid crystal display device, a pretilt angle 6 given
to the liquid crystal molecules was maintained even in a state
in which voltage was not applied and was 87.8°.
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Table 15 shows results of the evaluations in the liquid
crystal display device. As shown in Table 15, the liquid
crystal display device had an excellent contrast and response
speed, excellent properties inherent in liquid crystal display
devices, and good effect on a reduction in the occurrence of
image sticking and droplet stains.

TABLE 15
Tar® C. 74.1
A, 0.097
1, 1.481
€, 3.36
€ 6.63
Ae -3.27
n/mPa - s 15.6
y/mPa - s 100
Contrast 1840
Response speed/ms 20.6
Evaluation of droplet stains Excellent
Evaluation of image sticking Excellent

Example 12

A compound represented by the below formula as the first
polymerizable compound represented by General Formula
(X1a) (1.5 mass %) and a compound represented by the
below formula as the second polymerizable compound rep-
resented by General Formula (X2a) (0.3 mass %) were
added to the liquid-crystal-containing starting composition
LC-3 prepared in Example 5 (98.1 mass %).

[Chem. 57]
ocH;

F o\/\/ Ti —0CH;
/\’( [

0]
[Chem. 58]

Furthermore, a photopolymerization initiator “Igacure 6517
(0.1 mass %) was added thereto, the added materials were
uniformly dissolved to prepare a liquid-crystal-containing
polymerization composition CLC-3b, and this liquid-crys-
tal-containing polymerization composition CLC-3b was
used. Except for this change, a liquid crystal display device
was produced as in Example 5.

In this liquid crystal display device, a pretilt angle 0 given
to the liquid crystal molecules was maintained even in a state
in which voltage was not applied and was 87.5°.

Table 16 shows results of the evaluations in the liquid
crystal display device. As shown in Table 16, the liquid
crystal display device had an excellent contrast and response
speed, excellent properties inherent in liquid crystal display
devices, and good effect on a reduction in the occurrence of
image sticking and droplet stains.

TABLE 16

Ta® C.

n

734
0.098
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TABLE 16-continued
1, 1.437
€ 3.26
g 6.63
Ae -3.37
n/mPa -+ s 15.5
y/mPa - s 94
Contrast 1620
Response speed/ms 18.5
Evaluation of droplet staing Excellent
Evaluation of image sticking Excellent

Example 13

A compound represented by the below formula as the first
polymerizable compound represented by General Formula
(X1a) (1.5 mass %) and a compound represented by the
below formula as the second polymerizable compound rep-
resented by General Formula (X2a) (0.3 mass %) were
added to the liquid-crystal-containing starting composition
LC-3 prepared in Example 5 (98.1 mass %).

[Chem. 59]

(0]
/Y
0]
[Chem. 60]
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crystal display device had an excellent contrast and response
speed, excellent properties inherent in liquid crystal display
devices, and good effects on a reduction in the occurrence of
image sticking and droplet stains.

TABLE 17
Tar° C. 734
A, 0.098
1, 1.437
[ 3.26
€ 6.63
Age -3.37
n/mPa - s 15.5
yy/mPa - s 94
Contrast 1650
Response speed/ms 18.3
Evaluation of droplet stains Excellent
Evaluation of image sticking Excellent

Furthermore, a photopolymerization initiator “Igacure 6517
(0.1 mass %) was added thereto, the added materials were
uniformly dissolved to prepare a liquid-crystal-containing
polymerization composition CL.C-3c, and this liquid-crys-
tal-containing polymerization composition CLC-3¢ was
used. Except for this change, a liquid crystal display device
was produced as in Example 5.

In this liquid crystal display device, a pretilt angle 0 given
to the liquid crystal molecules was maintained even in a state
in which voltage was not applied and was 87.3°.

Table 17 shows results of the evaluations in the liquid
crystal display device. As shown in Table 17, the liquid

[Chem. 61]

[Chem. 62

\

Example 14

A compound represented by the below formula as the first
polymerizable compound represented by General Formula

(X1a) (1.5 mass %) and a compound represented by the

* below formula as the second polymerizable compound rep-

resented by General Formula (X2a) (0.4 mass %) were
added to the liquid-crystal-containing starting composition

LC-4 prepared in Example 7 (98.0 mass %).

~ A0 O
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Furthermore, a photopolymerization initiator “Igacure 6517
(0.1 mass %) was added thereto, the added materials were
uniformly dissolved to prepare a liquid-crystal-containing
polymerization composition CLC-4b, and this liquid-crys-
tal-containing polymerization composition CLC-4b was
used. Except for this change, a liquid crystal display device
was produced as in Example 7.

In this liquid crystal display device, a pretilt angle 8 given
to the liquid crystal molecules was maintained even in a state
in which voltage was not applied and was 87.4°.

Table 18 shows results of the evaluations in the liquid
crystal display device. As shown in Table 18, the liquid
crystal display device had an excellent contrast and response
speed. excellent properties inherent in liquid crystal display

10

devices, and good effect on a reduction in the occurrence of 15

image sticking and droplet stains.

TABLE 18
Ty/° C. 71.0
A, 0.100
1, 1.482
g, 3.42
g 7.09
Ae -3.67
n/mPa - s 16.2
y/mPa - s 104
Contrast 1640
Response speed/ms 16.6
Evaluation of droplet stains Excellent
Evaluation of image sticking Excellent

Example 15

A compound represented by the below formula as the first
polymerizable compound represented by General Formula
(X1a) (1.5 mass %) and a compound represented by the
below formula as the second polymerizable compound rep-
resented by General Formula (X2a) (0.4 mass %) were
added to the liquid-crystal-containing starting composition
LC-4 prepared in Example 7 (98.0 mass %).

[Chem. 63]
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[Chem. 64]
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In this liquid crystal display device, a pretilt angle 6 given
to the liquid crystal molecules was maintained even in a state
in which voltage was not applied and was 87.1°.

Table 19 shows results of the evaluations in the liquid
crystal display device. As shown in Table 19, the liquid
crystal display device had an excellent contrast and response
speed, excellent properties inherent in liquid crystal display
devices, and good effect on a reduction in the occurrence of
image sticking and droplet stains.

TABLE 19
Tar® C. 71.0
A, 0.100
1, 1.482
€y 342
€ 7.09
Ae -3.67
n/mPa - s 16.2
yy/mPa - s 104
Contrast 1630
Response speed/ms 16.4
Evaluation of droplet stains Excellent
Evaluation of image sticking Excellent

REFERENCE SIGNS LIST

10 .. . Liquid crystal display device, 11 . . . First substrate,
12 . . . Second substrate, 13 . . . Liquid crystal layer,
14 . . . Common electrode, 15 . . . Pixel electrode, 18 . . .
Color filter, 19 . . . Liquid crystal molecules

The invention claimed is:

1. A liquid crystal display device in which a liquid crystal
layer containing a liquid crystal composition is disposed
between a first substrate provided with a common electrode
and a second substrate provided with a plurality of pixels
each having a pixel electrode, the liquid crystal display
device comprising:

orientation controlling layers formed of at least two

polymerizable compounds and disposed between the

Ty

Furthermore, a photopolymerization initiator “Igacure 6517
(0.1 mass %) was added thereto, the added materials were
uniformly dissolved to prepare a liquid-crystal-containing
polymerization composition CLC-4c, and this liquid-crys-
tal-containing polymerization composition CLC-4c was
used. Except for this change, a liquid crystal display device
was produced as in Example 7.

60
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first substrate and the liquid crystal layer and between
the second substrate and the liquid crystal layer without
the presence of an alignment film, wherein

each of the pixels has at least two regions having different
directions of pretilt, and

the liquid crystal composition contains a compound rep-
resented by General Formula (I)
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* . G *
)1

where R'* and R** each independently represent an alkyl
group having 1 to 8 carbon atoms, an alkenyl group having
2 to 8 carbon atoms, an alkoxy group having 1 to 8 carbon
atoms, or an alkenyloxy group having 2 to 8 carbon atoms;
Q' represents a 1,4-phenylene group or a trans-1,4-cyclo-
hexylene group; 1' represents 1 or 2; and in the case where
1' is 2, the two Q"’s may be the same as or different from
each other, and
a compound represented by General Formula (IT)

O

n

F F
SO
12

where R>“ represents an alkyl group having 1 to 8 carbon
atoms, an alkenyl group having 2 to 8 carbon atoms, an
alkoxy group having 1 to 8 carbon atoms, or an alkenyloxy
group having 2 to 8 carbon atoms; R** represents an alkyl
group having 1 to 8 carbon atoms, an alkenyl group having
4 to 8 carbon atoms, an alkoxy group having 1 to 8 carbon
atoms, or an alkenyloxy group having 3 to 8 carbon atoms;
Q” represents a 1,4-phenylene group or a trans-1,4-cyclo-
hexylene group; 12 represents 0, 1, or 2; in the case where 12
is 2, the two (Q*’s may be the same as or different from each
other; and G* is a single bond, —CH,CH,—, —CH,0—,
—OCH,—, —CF,0—, or —OCF,—,
wherein said at least two polymerizable compounds
include a first polymerizable compound and a second
polymerizable compound, the second polymerizable
compound being at least one compound selected from
the group consisting of compounds represented by
General Formula (X2a)

(X22)

R? R*

HZC=C—COO—Z3—(—C4—Z4-)—2C5—Z5—OCO—C=CH2
ki

where R* and R* each independently represent a hydrogen
atom or a methyl group;

C* and C° each independently represent 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
decahydronaphthalene-2,6-diyl group, a 1,2,3,4-tetrahy-
dronaphthalene-2,6-diyl group, a phenanthrene-2,7-diyl
group, an anthracene-2.6-diyl group, a 2,6-naphthylene
group, or an indane-2,5-diyl group, among these groups, one
or more hydrogen atoms of the 1,4-phenylene group, 1,23,
4-tetrahydronaphthalene-2,6-diyl group, 2,6-naphthylene
group, and indane-2,5-diyl group are each independently
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optionally substituted with a fluorine atom, a chlorine atom,
a methyl group, a trifluoromethyl group, or a trifluo-
romethoxy group;

72 and 7 each independently represent a single bond or an
alkylene group having 1 to 15 carbon atoms, one or more
methylene groups contained in the alkylene group are each
independently optionally substituted with an oxygen atom,
—CO—, —COO—, or —OCO— such that oxygen atoms
are not directly bonded to each other; and one or more
hydrogen atoms contained in the alkylene group are each
independently optionally substituted with a fluorine atom, a
methyl group, or an ethyl group;

7% represents a single bond, —CH,CH,—, —CH,0—,
—OCH,—, —CH,CH,0—, —OCH,CH,—,
—CH,CH,CH,0—, —OCH,CH,CH,—,
—CH,CH,0C0—, —COOCH,CH,—,
—CH,CH,CO0—, —OCOCH,CH,—, —CH—CH—,
—C=C—, —CF,0—, —OCF,— —CH—CHCOO—,

—OCOCH—CH—, —COO0—, or —OCO—;

n® represents 0, 1, or 2; and in the case where n® is 2,
multiple C*s may be the same as or different from each
other, and multiple Z*’s may be the same as or different from
each other.

2. The liquid crystal display device according to claim 1,
wherein the pixel electrode has a slit.

3. The liquid crystal display device according to claim 1,
wherein at least any one of the first substrate and the second
substrate is provided with a structure that defines the direc-
tion of pretilt.

4. The liquid crystal display device according to claim 1,
wherein the at least two polymerizable compounds include
a first polymerizable compound that is at least one com-
pound selected from the group consisting of monofunctional
(meth)acrylates and a second polymerizable compound that
is at least one compound selected from the group consisting
of bifunctional (meth)acrylates.

5. The liquid crystal display device according to claim 4,
wherein the first polymerizable compound is at least one
compound selected from the group consisting of compounds
represented by General Formula (X1a)

Al Al /B AS
| 1Y
H,0=C—C00—AZ—C C c—p!
M\
k

where A' represents a hydrogen atom or a methyl group;

A? represents a single bond or an alkylene group having
1 to 15 carbon atoms, one or more methylene groups
contained in the alkylene group are each independently
optionally substituted with an oxygen atom, —CO—,
—COO—, or —OCO— such that oxygen atoms are
not directly bonded to each other; and

one or more hydrogen atoms contained in the alkylene
group are each independently optionally substituted
with a fluorine atom, a methyl group, or an ethyl group;

A? and A® each independently represent a hydrogen atom,
ahalogen atom, or an alkyl group having 1 to 18 carbon
atoms, one or more methylene groups contained in the
alkyl group are each independently optionally substi-
tuted with an oxygen atom, —CO—, —COO—, or
—OCO— such that oxygen atoms are not directly
bonded to each other; and one or more hydrogen atoms
contained in the alkyl group are each independently

Xla)
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optionally substituted with a halogen atom or an alkyl
group having 1 to 17 carbon atoms;

A*and A7 each independently represent a hydrogen atom,
ahalogen atom, or an alkyl group having 1 to 10 carbon
atoms, one or more methylene groups contained in the
alkyl group are each independently optionally substi-
tuted with an oxygen atom, —CO—, —COO—, or
—OCO— such that oxygen atoms are not directly
bonded to each other; and one or more hydrogen atoms
contained in the alkyl group are each independently
optionally substituted with a halogen atom or an alkyl
group having 1 to 9 carbon atoms;

k is from 1 to 40;

B!, B?, and B? each independently represent a hydrogen
atom, a linear or branched alkyl group having 1 to 10
carbon atoms, one or more methylene groups contained
in the alkyl group are each independently optionally
substituted with an oxygen atom, —CO—, —COO—,
or —OCO— such that oxygen atoms are not directly
bonded to each other; and one or more hydrogen atoms
contained in the alkyl group are each independently
optionally substituted with a halogen atom or a tri-
alkoxysilyl group having 3 to 6 carbon atoms, or a
group represented by General Formula (I-b)

(I-b)
A9

—A3—0CO—C=CH,

where A’ represents a hydrogen atom or a methyl group;
and

A® represents a single bond or an alkylene group having
1 to 15 carbon atoms, one or more methylene groups
contained in the alkylene group are each independently
optionally substituted with an oxygen atom, —CO—,
—COO—, or —OCO— such that oxygen atoms are
not directly bonded to each other; and

one or more hydrogen atoms contained in the alkylene
group are each independently optionally substituted
with a fluorine atom, a methyl group, or an ethyl group,
where among B', B2, and B that are present in the
number of 2k+1 in total, the number of the groups

represented by General Formula (I-b) is 0 or 1,
compounds represented by General Formula (XIb)
(X1b)
R7
|
H2C=C—COO@Y1@YZ@Y3—RS
nd

where R” represents a hydrogen atom or a methyl group;
six-membered rings T*, T%, and T> each independently
represent any of the following structures
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W -O--C-

(CH3)m

where m is an integer from 1 to 4;
n* represents 0 or 1;
Y! and Y? each independently represent a single bond,

-~ CH,CH,, —CH,0—, —OCH,—, —CO0—,
~—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 having 1 to 18 carbon
atoms, and compounds represented by General For-
mula (X1c)

(Xle)
R70

H,C=C—C00—R"

where R”° represents a hydrogen atom or a methyl group,
and R”" represents a hydrocarbon group having fused
rings.

6. The liquid crystal display device according to claim 1,
further comprising a passivation film disposed at least any
one of the positions between the first substrate and the liquid
crystal layer and between the second substrate and the liquid
crystal layer.

7. The liquid crystal display device according to claim 1,
further comprising a planarization film disposed at least any
one of the positions between the first substrate and the liquid
crystal layer and between the second substrate and the liquid
crystal layer.

8. A method for manufacturing a liquid crystal display
device in which a liquid crystal layer containing a liquid
crystal composition is disposed between a first substrate
provided with a common electrode and a color filter layer
and a second substrate provided with a plurality of pixels
each having a pixel electrode and in which each of the pixels
has at least two regions having different directions of pretilt,
the method comprising:

disposing a liquid-crystal-containing polymerization

composition between the first substrate and the second
substrate without formation of an alignment film, the
liquid-crystal-containing polymerization composition
containing a compound represented by General For-
mula (I)

Rla . ° Rza
1

1

U]
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where R'* and R** each independently represent an alkyl
group having 1 to 8 carbon atoms, an alkenyl group having
2 to 8 carbon atoms, an alkoxy group having 1 to 8 carbon
atoms, or an alkenyloxy group having 2 to 8 carbon atoms;
Q! represents a 1,4-phenylene group or a trans-1,4-cyclo-
hexylene group; 1' represents 1 or 2; and in the case where
1! is 2, the two Q"’s may be the same as or different from
each other,

a compound represented by General Formula (11)

n

F F
SO
12

where R*“ represents an alkyl group having 1 to 8 carbon
atoms, an alkenyl group having 2 to 8 carbon atoms, an
alkoxy group having 1 to 8 carbon atoms, or an alkenyloxy
group having 2 to 8 carbon atoms; R** represents an alkyl
group having 1 to 8 carbon atoms, an alkenyl group having
4 to 8 carbon atoms, an alkoxy group having 1 to 8 carbon
atoms, or an alkenyloxy group having 3 to 8 carbon atoms;
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Q represents a 1,4-phenylene group or a trans-1,4-cyclo-
hexylene group; 1 represents 0, 1, or 2; in the case where 12
is 2, the two Q*’s may be the same as or different from each
other; and G* is a single bond, —CH,CH,—, —CH,0—,
—OCH,—, —CF,0—, or —OCF,—, and
at least two polymerizable compounds; and
forming orientation controlling layers between the first
substrate and the liquid crystal layer and between the
second substrate and the liquid crystal layer by polym-
erization of the at least two polymerizable compounds
with conversion of the liquid-crystal-containing polym-
erization composition into the liquid crystal composi-
tion through irradiation with an active energy ray in a
state in which voltage that is for giving a pretilt angle
to liquid crystal molecules in the liquid-crystal-con-
taining polymerization composition is applied between
the pixel electrode and the common electrode.

9. The method for manufacturing a liquid crystal display
device according to claim 8, wherein the active energy ray
is ultraviolet having multiple spectra.

10. The method for manufacturing a liquid crystal display
device according to claim 8, wherein the pixel electrode has
a slit, or at least any one of the first substrate and the second
substrate has a structure that defines the direction of pretilt.
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