US 20170343840A1

12) Patent Application Publication (o) Pub. No.: US 2017/0343840 A1

a9y United States

HOSAKA et al.

43) Pub. Date: Nov. 30, 2017

(54) LIQUID CRYSTAL DISPLAY DEVICE

(71)  Applicants:Nissan Chemical Industries, Ltd.,
Chiyoda-ku (JP); Kyusyu Nanotec
Optics Co. Ltd., Hayami-gun (JP)

(72) Inventors: Kazuyoshi HOSAKA, Funabashi-shi
(JP); Noritoshi MIKI, Funabashi-shi
(JP); Hiroyuki OMURA, Funabashi-shi
(JP); Jun HASHIMOTO,
Funabashi-shi (JP); Junichi BABA,
Hayami-gun (JP); Shota YOSHIDA,
Hayami-gun (JP)

(73) Assignees: Nissan Chemical Industries, Ltd.,
Chiyoda-ku (JP); Kyusyu Nanotec
Optics Co. Ltd., Hayami-gun (JP)

(21) Appl. No.: 15/524,949

(22) PCT Filed: Now. 6, 2015

(86) PCT No.: PCT/IP2015/081341

§ 371 (e)(1),
(2) Date: May 5, 2017

(30) Foreign Application Priority Data
Nov. 7,2014  (JP) oo 2014-227294

Publication Classification
(51) Imt.ClL

GO2F 1/1334 (2006.01)
CO9K 19/56 (2006.01)
CO9K 19/06 (2006.01)
CO9K 1920 (2006.01)
GO2F 1/1337 (2006.01)
(Continued)

(52) US. CL
CPC ... GO2F 1/1334 (2013.01); CO9K 19/2007
(2013.01); CO9K 19/56 (2013.01); GO2F
1/1337 (2013.01); CO9K 19/063 (2013.01);

Specific ultraviolet

CO9K 2019/2035 (2013.01); CO9K 2019/548
(2013.01); CO9K 2019/0448 (2013.01)

7) ABSTRACT

To provide a liquid crystal display device, whereby trans-
parency when no voltage is applied and scattering properties
when a voltage is applied, are good, adhesion between a
liquid crystal layer and a vertical liquid crystal alignment
film is high, and its lifespan is long even in a severe
environment. The liquid crystal display device has a liquid
crystal layer formed by disposing a liquid crystal composi-
tion containing a liquid crystal and a polymerizable com-
pound between a pair of substrates provided with electrodes,
and irradiating and curing the composition with ultraviolet
rays by an ultraviolet irradiation apparatus, and at least one
of the substrates is provided with a liquid crystal alignment
film to vertically align a liquid crystal, wherein the ultra-
violet irradiation apparatus is an ultraviolet irradiation appa-
ratus capable of controlling the irradiation light intensity and
wavelength of the ultraviolet rays to be irradiated and the
surface temperature of the pair of the substrates, the liquid
crystal composition contains a compound represented by the
formula [1], and the liquid crystal alignment film is a liquid
crystal alignment film obtained from a liquid crystal align-
ment treating agent containing a polymer having a side chain
structure represented by the formula [2-1] or formula [2-2].

XLX2 XXX XL X X [1]
(X! is a specific side chain structure; X?, X3, X* and X are

each a single bond, etc.; X and X’ are each a benzene ring,
efc.; p is an integer of from 0 to 4; and X®is a C,_,, alkyl

group, etc.),

YLy YAyt Y5y YS [2-1]
(Y', Y* and Y? are each a single bond; Y* and Y* are each
a benzene ring, etc.; n is from 0 to 4; and Y%is a C,_4 alkyl
group, etc.,

—Yy® [2-2]

(Y7 is a single bond; and Y® is a C,_,, alkyl group, etc.).
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a transmission/
scattering type liquid crystal display device which is in a
transparent state when no voltage is applied and in a
scattering state when a voltage is applied.

BACKGROUND ART

[0002] As a liquid crystal display device employing a
liquid crystal material, a TN mode liquid crystal display
device is in practical use. In such a mode, light switching is
carried out by utilizing the optical rotation property of a
liquid crystal, and a liquid crystal display device in this
mode requires use of a polarizing plate. However, use of a
polarizing plate lowers light utilization efficiency.

[0003] As a liquid crystal display device which achieves
high light utilization efficiency without using a polarizing
plate, a liquid crystal display device in which switching is
conducted between a transmission state (also called a trans-
parent state) and a scattering state of a liquid crystal may be
mentioned, and a liquid crystal display device employing a
polymer dispersed liquid crystal (PDLC) or a polymer
network liquid crystal (PNLC) is commonly known.

[0004] A liquid crystal display device employing such a
liquid crystal is a liquid crystal display device having a
liquid crystal layer, that is, a cured product composite (for
example, a polymer network) of a liquid crystal and a
polymerizable compound, formed by disposing, between a
pair of substrates provided with electrodes, a liquid crystal
composition containing the polymerizable compound which
undergoes polymerization by ultraviolet rays and curing the
liquid crystal composition by irradiation with ultraviolet
rays. In such a liquid crystal display device, the transmission
state and the scattering state of the liquid crystal are con-
trolled by application of a voltage.

[0005] A conventional liquid crystal display device
employing PDLC or PNLC is a liquid crystal display device
(a normal device) which is in a cloudy (scattering) state
when no voltage is applied, since liquid crystal molecules
are randomly aligned, and is in a transmission state when a
voltage is applied, since liquid crystal molecules are aligned
in an electric field direction, whereby light is transmitted.
However, in a normal device, it is necessary to always apply
a voltage in order to obtain a transmission state, and accord-
ingly when it is used for an application which is mainly used
in a transparent state, for example, when used for window
glass, the electrical power consumption tends to be large.

[0006] On the other hand, a liquid crystal display device
employing PDLC (a reverse device), which is in a trans-
mission state when no voltage is applied and is in a scat-
tering state when a voltage is applied, has been reported (e.g.
Patent Documents 1 and 2).

PRIOR ART DOCUMENTS

Patent Documents

[0007]
[0008]

Patent Document 1: Japanese Patent No. 2885116
Patent Document 2: Japanese Patent No. 4132424
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DISCLOSURE OF INVENTION

Technical Problem

[0009] In the case of PDLC and PNLC, an ultraviolet
irradiation apparatus employing a metal halide lamp or a
high-pressure mercury lamp as a light source is used in the
step of irradiation with ultraviolet rays to form a cured
product composite. However, by such a light source, it is
difficult to control the intensity, wavelength and temperature
of ultraviolet rays, and it is not possible to control the cured
product composite to be homogeneous i.e. the size and shape
of the polymer network to be as desired, whereby there is a
problem that good optical properties (referred to also as
transmission/scattering properties) cannot be obtained.
Therefore, in the step of irradiation with ultraviolet rays, it
is necessary to control the intensity, wavelength and tem-
perature of the light source.

[0010] A polymerizable compound in the liquid crystal
composition has a role to form a polymer network to obtain
desired optical properties and a role as a curing agent to
increase adhesion between the liquid crystal layer and the
liquid crystal alignment film (referred to also as the vertical
liquid crystal alignment film). In order to increase the
adhesion to the liquid crystal alignment film, it is necessary
to let the polymer network be more densified, but if the
polymer network is densified, there will be a problem such
that the vertical alignment property of the liquid crystal
tends to be impaired, and the optical properties of the reverse
device, i.e. the transparency when no voltage is applied and
the scattering property when a voltage is applied, tend to be
deteriorated. Therefore, the liquid crystal composition to be
used in the reverse device is required to be one whereby the
vertical alignment property of the liquid crystal at the time
of forming the liquid crystal layer becomes high.

[0011] In addition, the liquid crystal alignment film used
for the reverse device is a highly hydrophobic membrane in
order to align the liquid crystal vertically, whereby there is
a problem that adhesion between the liquid crystal layer and
the liquid crystal alignment film tends to be low. Therefore,
to the liquid crystal composition to be used in the reverse
device, it is necessary to incorporate the polymerizable
compound having a role as a curing agent in a large amount.
However, if the polymerizable compound is incorporated in
a large amount, the vertical alignment property of the liquid
crystal will be impaired, and there will be a problem that the
transparency when no voltage is applied and the scattering
property when a voltage is applied, tend to be substantially
lowered. Therefore, the liquid crystal alignment film to be
used for the reverse device, is required to be one presenting
a high vertical alignment property of the liquid crystal.
[0012] Further, in a case where a reverse device is pre-
pared by using a plastic substrate or film, and it is used as
affixed to a window glass of an automobile or architectural
building, the reverse device may be used for a long time
under an environment of high temperature and high humid-
ity, or under an environment exposed to irradiation with
light. Therefore, it is necessary that even in such a harsh
environment, the vertical alignment property of the liquid
crystal will not be lowered, and adhesion between the liquid
crystal layer and the liquid crystal alignment film will be
high.

[0013] Therefore, it is an object of the present invention to
provide a liquid crystal display device, whereby the vertical
alignment property of a liquid crystal is high, the optical
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properties are good, i.e. the transparency when no voltage is
applied, and the scattering property when a voltage is
applied, are good, further, adhesion between the liquid
crystal layer and the liquid crystal alignment film is high,
and these properties can be maintained even in an environ-
ment exposed to high temperature and high humidity, or to
irradiation with light, for a long time.

Solution to Problem

[0014] The present inventors have conducted extensive
studies in order to accomplish the above object and as a
result, have completed the present invention having the
following construction.

(1) A liquid crystal display device having a liquid crystal
layer formed by disposing a liquid crystal composition
containing a liquid crystal and a polymerizable compound
between a pair of substrates provided with electrodes and
irradiating and curing the composition with ultraviolet rays
by an ultraviolet irradiation apparatus, and at least one of the
substrates being provided with a liquid crystal alignment
film to vertically align a liquid crystal, wherein the ultra-
violet irradiation apparatus is an ultraviolet irradiation appa-
ratus capable of controlling the irradiation light intensity and
wavelength of the ultraviolet rays to be irradiated and the
surface temperature of the pair of the substrates, said liquid
crystal composition contains a compound represented by the
following formula [1], and said liquid crystal alignment film
is a liquid crystal alignment film obtained from a liquid
crystal alignment treating agent containing a polymer having
a side chain structure represented by the following formula
[2-1] or formula [2-2]:

Xl_xZ_x3_x4_X5_x6_(_X7_)p_x8

wherein X" is at least one selected from the group consisting
of the following formula [1-a] to formula [1-g], X* is at least
one bond group selected from the group consisting of a
single bond, —O—, —NH—, —N(CH,)—, —CH,0—,
—CONH—, —NHCO—, —CON(CH;)— —N(CH,)
CO—, —COO— and —OCO—, X3 is a single bond or
—(CH,),— (a is an integer of from 1 10 15), X* is at least
one bond group selected from the group consisting of a
single bond, —O—, —OCH,—, —COO— and —OCO—,
X is a benzene ring, a cyclohexane ring or a C, , s, divalent
organic group having a steroid skeleton, X° is at least one
bond group selected from the group consisting of a single
bond, —O—, —OCH,—, —CH,0—, —COO— and
—OCO—, X" is a benzene ring or a cyclohexane ring,
wherein any optional hydrogen atom on the cyclic group of
said X or X’ may be substituted by a C,_; alkyl group, a
C,_; alkoxy group, a C,_; fluorinated alkyl group, a C, 4
fluorinated alkoxy group or a fluorine atom, p is an integer
of from 0 to 4, and X® is at least one selected from the group
consisting of a C,_, 4 alkyl group, a C,_,4 alkenyl group, a
C,_,5 Huorinated alkyl group, a C,_,; alkoxy group and a
C,_;s fluorinated alkoxy group,

(1-a]
H

C 0.
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HZC/ \C N

[¢]
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wherein X* is a hydrogen atom or a benzene ring, X is at
least one cyclic group selected from the group consisting of
a benzene ring, a cyclohexane ring and a heterocyclic ring,
and X° is at least one selected from the group consisting of
a C,_5 alkyl group, a C, |4 fluorinated alkyl group, a C,_|4
alkoxy group and a C,_,, fluorinated alkoxy group,

(2-1]
_YI_YZ_Y3_Y4_(_Y5_)Tyﬁ

wherein Y' is at least one bond group selected from the
group consisting of a single bond, —(CH,),— (a is an
integer of from 1 to 15), —O—, —CH,0—, —CONH—,
—NHCO—, —CON(CH,)—, —N(CH;)CO—, —CO0—
and —OCO—, Y? is a single bond or —(CH,),— (b is an
integer of from 1 to 15), Y? is at least one selected from the
group consisting of a single bond, —(CH,),— (c is an
integer of from 1 to 15), —O—, —CH,O0—, —COO— and
—0CO—, Y* is at least one divalent cyclic group selected
from the group consisting of a benzene ring, a cyclohexane
ring and a heterocyclic ring, or a C,_5, divalent organic
group having a steroid skeleton, Y is at least one divalent
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cyclic group selected from the group consisting of a benzene
ring, a cyclohexane ring and a heterocyclic ring, wherein
any optional hydrogen atom on the cyclic group of said Y*
or Y° may be substituted by a C, , alkyl group, a C, ; alkoxy
group, a C, ; fluorinated alkyl group, a C, fluorinated
alkoxy group or a fluorine atom, n is an integer of from 0 to
4, and Y° is at least one selected from the group consisting
of a C, |4 alkyl group, a C, ¢ alkenyl group, a C, 4
fluorinated alkyl group, a C,_,; alkoxy group and a C,_,,
fluorinated alkoxy group,

—Y'ys [2-2]

wherein Y’ is at least one bond group selected from the
group consisting of a single bond, —O—, —CH,0—,
—CONH—, —NHCO—, —CON(CH,;)— —N(CH,)
CO—, —COO— and —OCO—, and Y® is a Cq_,, alkyl
group or a C,_ ¢ fluorinated alkyl group.

Advantageous Effects of Invention

[0015] According to the present invention, it is possible to
provide a reverse device, whereby the optical properties are
good, i.e. the transparency when no voltage is applied and
the scattering property when a voltage is applied, are good,
and adhesion between the liquid crystal layer and the liquid
crystal alignment film is high, and further, these properties
can be maintained, even in an environment exposed to high
temperature and high humidity, or to irradiation with light,
for a long time. The mechanisms whereby a liquid crystal
display device having such excellent properties is obtainable
by the present invention, are not necessarily clear, but are
considered to be as follows.

[0016] The ultraviolet irradiation apparatus in the liquid
crystal display device of the present invention is capable of
controlling the irradiation light intensity and wavelength of
ultraviolet rays to be irradiated, and the surface temperature
of the pair of substrates. Therefore, when the specific
ultraviolet irradiation apparatus is used, it is possible to form
a uniform cured product composite, i.e. a liquid crystal layer
having a polymer network (cured resin) controlled to have
the desired size and shape, and thus to obtain a liquid crystal
display device which exhibits good optical properties.
[0017] A specific compound represented by the above
formula [1] contained in the liquid crystal composition in the
liquid crystal display device of the present invention, has a
site of rigid structure such as a benzene ring or a cyclo-
hexane ring, and a site for the polymerization reaction by
ultraviolet rays as represented by X' in the formula [1].
Therefore, when the specific compound is incorporated in
the liquid crystal composition, the site of rigid structure of
the specific compound enhances the vertical alignment prop-
erty of the liquid crystal, and further, the site for the
polymerization reaction and a polymerizable compound are
reacted, whereby it is possible to enhance the stability of the
vertical alignment property of the liquid crystal. Accord-
ingly, it is considered that even when the polymer network
becomes dense in order to increase the adhesion to the liquid
crystal alignment film, the vertical alignment property of the
liquid crystal will not be impaired, and it is possible to obtain
a reverse device which exhibits good optical properties.
[0018] Further, in the liquid crystal composition used in
the present invention, a polyfunctional thiol compound and
an urethane acrylate or urethane methacrylate are preferably
contained. These compounds will, by irradiation with ultra-
violet rays, form a polymer network and, at the same time,
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chemically react with the liquid crystal alignment film.
Therefore, it is possible to enhance the adhesion between the
liquid crystal layer and the liquid crystal alignment film in
the liquid crystal display device.

[0019] The liquid crystal alignment film in the liquid
crystal display device of the present invention is obtained
from a liquid crystal alignment treating agent containing a
polymer having a side chain structure of the above formula
[2-1] or formula [2-2]. In particular, the side chain structure
represented by the formula [2-1] presents a rigid structure,
whereby a liquid crystal display device using a liquid crystal
alignment film having such a side chain structure, is capable
of obtaining a high and stable vertical alignment property of
the liquid crystal. Therefore, particularly in a case where a
side chain structure of the formula [2-1] is used, it is
considered possible to obtain a reverse device which exhib-
its good optical properties.

[0020] Further, for the liquid crystal alignment film in the
liquid crystal display device of the present invention, it is
preferred to use a liquid crystal alignment treating agent
containing a specific polymer having a side chain structure
(referred to also as a specific side chain structure (2))
represented by the formula [3] together with the specific side
chain structure (1). In a step of irradiation with ultraviolet
rays as a step in the process for preparing the liquid crystal
display device, this specific side chain structure (2) is
considered to undergo a photoreaction with a reactive group
of a polymerizable compound in the liquid crystal compo-
sition, whereby the adhesion between the liquid crystal layer
and the liquid crystal alignment film will be further strength-
ened. Especially, since the specific side chain structure (2) is
located in the polymer as the base, its effect is large as
compared with a case where a compound having a group
which undergoes a photoreaction, is incorporated in the
liquid crystal alignment treating agent.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG. 1 is a schematic block diagram of a specific
ultraviolet irradiation apparatus 1 in the present invention.
[0022] FIG. 2 is a schematic block diagram of a specific
ultraviolet irradiation apparatus 2 in the present invention.

DESCRIPTION OF EMBODIMENTS

<Liquid Crystal Display Device>

[0023] The liquid crystal display device of the present
invention is a liquid crystal display device having a liquid
crystal layer formed by disposing a liquid crystal composi-
tion containing a liquid crystal and a polymerizable com-
pound between a pair of substrates provided with electrodes,
and curing it by irradiation with ultraviolet rays by means of
an ultraviolet irradiation apparatus, wherein at least one of
the substrates is provided with a liquid crystal alignment
film so as to align the liquid crystal vertically, and it is
suitable for use as a reverse device which becomes a
transparent state when no voltage is applied, and becomes a
scattering state when a voltage is applied.

[0024] The liquid crystal composition in the present inven-
tion contains a liquid crystal and a polymerizable compound
to be polymerized by ultraviolet rays, and this polymerizable
compound plays a role of forming a polymer network (cured
resin). Further, the above-mentioned liquid crystal layer is a
cured product composite of the liquid crystal and the polym-
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erizable compound, and the cured product composite here
means, as mentioned above, for example, such a state that
the liquid crystal is present in the polymer network formed
by the polymerizable compound.

<Specific Compound>

[0025] The liquid crystal composition in the present inven-
tion is a liquid crystal composition which contains a liquid
crystal, a polymerizable compound and a specific compound
represented by the following formula [1].

XI_XZ_XS_X4_X5_X6_(_X7_)p_X8

[0026] Inthe formula [1], X', X?, X3, X* X°, X°, X', X®
and p are as defined above, and inter alia, respectively, the
following ones are preferred.

[0027] X' is, from the viewpoint of optical properties of
the liquid crystal display device, preferably a structure
represented by the above formula [1-a], formula [1-b],
formula [1-c] or formula [1-e]. More preferred are the
formula [1-a], formula [1-b] or formula [1-c]. X? is, from the
viewpoint of availability of raw material or easy synthesis,
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preferably a single bond, —O—, —CH,O0—, —CONH—,
—COO0— or —OCO—. More preferred is a single bond,
—0—, —CO0— or —0CO—. X? is preferably a single
bond or —(CH,),— (a is an integer of from 1 to 10). More
preferred is —(CH,),— (a is an integer of from 1 to 10).

[0028] X* is, from the viewpoint of availability of raw
material or easy synthesis, preferably a single bond, —O—
of —COO—. More preferred is —O—. X° is, from the
viewpoint of optical properties of the liquid crystal display
device, preferably a benzene ring or a cyclohexane ring, or
a C,,5, divalent organic group having a steroid skeleton.
More preferred is a benzene ring or a C, 5, divalent organic
group having a steroid skeleton. X° is, from the viewpoint of
easy synthesis, preferably a single bond, —O— —COO—
or —OCO—. More preferred is a single bond, —COO— or
—0CO—. X" is, from the viewpoint of optical properties of
the liquid crystal display device, preferably a benzene ring
or a cyclohexane ring. X® is, from the viewpoint of optical
properties of the liquid crystal display device, preferably a
C,_,s alkyl group, a C, |, alkenyl group or a C, ;5 alkoxy
group. More preferred is a C, |, alkyl group or a C, |,
alkenyl group. p is, from the viewpoint of availability of raw
material or easy synthesis, preferably an integer of 0 to 2.

[0029] Preferred combinations of X' to X® and p in the
formula [1] are as shown in the following Tables 1 to 9.

TABLE 1
X! X? X3 x4 X° X¢ X’ X8 p

1-la Formula [1-a] Single —(CH,),— (aisan —O— Benzene ring Single Benzene ring C,_, alkyl group 1
bond integer of 1 to 10) bond

1-2a  Formula [1-a] Single —(CH,),— (aisan —O— Benzene ring Single Benzene ring C,_, alkyl group 2
bond integer of 1 to 10) bond

1-3a  Formula [1-a] Single —(CH,),— (aisan —O— Benzene ring Single Cyclohexane C,_,alkyl group 1
bond integer of 1 to 10) bond ring

1-4a  TFormula [1-a] Single —(CH,),— (aisan —O— Benzene ring Single Cyclohexane C,_, alkyl group 2
bond integer of 1 to 10) bond ring

1-5a  Formula [1-a] Single —(CH,),— (a isan —COO— Benzene ring Single Benzene ring C,;_, alkyl group 1
bond integer of 1 to 10) bond

1-6a  Formula [1-a] Single —(CH,),— (a isan —COO— Benzene ring Single Benzene ring C,_, alkyl group 2
bond integer of 1 to 10) bond

1-7a  Formula [1-a] Single —(CH,),— (a isan —COO— Benzene ring Single Cyclohexane C,_, alkyl group 1
bond imeger of 1 to 10) bond ring

1-8a Formula [1-a] Single —(CH,),— (a isan —COO— Benzene ring Single Cyclohexane C,_, alkyl group 2
bond integer of 1 to 10) bond ring

1-9a  Formula [1-a] Single —(CH,),— (aisan —O— Benzene ring —COO— Benzens ring C,_;5 alkyl group 1
bond imeger of 1 to 10)

1-10a Formula [1-a] Single —(CH,),— (aisan —O— Benzene ring —COO— Benzene ring C;_;5 alkyl group 2
bond imeger of 1 to 10)

1-11a Formula [1-a] Single —(CH,),— (aisan —O— Benzene ring —COO— Cyclohexane C, ;5 alkyl group 1
bond imeger of 1 to 10) ring

1-12a Formula [1-a] Single —(CH,),— (aisan —O— Benzene ring —COO— Cyclohexane C, ;5 alkyl group 2
bond imeger of 1 to 10) ring

1-13a Formula [1-a] Single —(CH,),— (ais an —COO— Benzene ring —COO— Benzene ring C,_j5 alkyl group 1
bond imeger of 1 to 10)

1-14a Formula [1-a] Single —(CH,),— (aisan —COO— Benzene ring —COO— Benzene ring C,_ 5 alkyl group 2
bond imeger of 1 to 10)

1-15a Formula [1-a] Single —(CH,),— (aisan —COO— Benzene ring —COO— Cyclohexane C, 5 alkyl group 1
bond imeger of 1 to 10) ring

TABLE 2
X! X? x3 x4 X° X6 X’ X8 P

1-16a Formula [1-a] Single —(CH,),— (aisan —COO— Benzene ring —COO— Cyclohexane C,_, alkyl group 2
bond integer of 1 to 10) ring

1-17a Formula [1-a] Single —(CH,),— (aisan —O— Benzene ring —OCO— Benzene ring C, 5 alkyl group 1
bond integer of 1 to 10)

1-18a Formula [1-a] Single —(CH,),— (aisan —O— Benzene ring —OCO— Benzene ring C,_;5 alkyl group 2
bond integer of 1 to 10)
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TABLE 2-continued

X! X2 X3 X4 X3 X6 X7 X8 p

1-19a Formula [1-a] Single —(CH,),— (aisan —O— Benzene ring —OCO— Cyclohexane C, 5 alkyl group 1
bond integer of 1 to 10) ring

1-20a Formula [1-a] Single —(CH,),— (aisan —O— Benzene ring —OCO— Cyclohexane C,_ , alkyl group 2
bond integer of 1 to 10) ring

1-21a Formula [1-a] Single —(CH,),— (aisan —COO— Benzene ring —OCO— Benzene ring C,_, alkyl group 1
bond integer of 1 to 10)

1-22a Formula [1-a] Single —(CH,),— (ais an —COO— Benzene ring —OCO— Benzene ring C, , alkyl group 2
bond integer of 1 to 10)

1-23a Formula [1-a] Single —(CH,),— (ais an —COO— Benzene ring —OCO— Cyclohexane C, 5 alkyl group 1

bond integer of 1 to 10) ring

1-24a Formula [1-a] Single —(CH,),— (ais an —COO— Benzene ring —OCO— Cyclohexane C,_, alkyl group 2
bond integer of 1 to 10) ring

1-25a Formula [1-b] Single —(CH,),— (ais an —O— Benzene ring Single Benzene ring C,_, alkyl group 1
bond integer of 1 to 10) bond

1-26a Formula [1-b] Single —(CH,),— (aisan —O— Benzene ring Single Benzene ring C,_, alkyl group 2
bond integer of 1 to 10) bond

1-27a Formula [1-b] Single —(CH,),— (aisan —O— Benzene ring Single Cyclohexane C,_, alkyl group 1
bond integer of 1 to 10) bond ring

1-28a Formula [1-b]  Single —(CH,),— (aisan —0O— Benzene ring Single Cyclohexane C,_, alkyl group 2
bond integer of 1 to 10) bond ring

1-29a Formula [1-b] Single —(CH,),— (ais an —COO— Benzene ring Single Benzene ring C,_;, alkyl group 1
bond integer of 1 to 10) bond

1-30a Formula [1-b] Single —(CH,),— (ais an —COO— Benzene ring Single Benzene ring C,_;, alkyl group 2
bond integer of 1 to 10) bond

TABLE 3
X! X2 X3 x4 x> X® X’ X8 p

1-31a Formula [1-b] Single —(CH,),— (ais an —COO— Benzene ring Single Cyclohexane C; 5 alkyl group 1
bond integer of 1 to 10) bond ring

1-32a Formula [1-b] Single —(CH,),— (ais an —COO— Benzene ring Single Cyclohexane C,, alkyl group 2
bond integer of 1 to 10) bond ring

1-33a Formula [1-b] Single —(CH,),— (ais an —O— Benzene ring —COO— Benzene ring C, ;5 alkyl group 1
bond integer of 1 to 10)

1-34a Formula [1-b] Single —(CH,),— (aisan —O— Benzene ring —COO— Benzene ring C, ;5 alkyl group 2
bond integer of 1 to 10)

1-35a Formula [1-b] Single —(CH,),— (ais an —O— Benzene ring —COO— Cyclohexane C; 5 alkyl group 1
bond integer of 1 to 10) ring

1-36a Formula [1-b] Single —(CH,),— (ais an —O— Benzene ring —COO— Cyclohexane C; ;5 alkyl group 2
bond integer of 1 to 10) ring

1-37a Formula [1-b] Single —(CH,),— (ais an —COO— Benzene ring —COO— Benzene ring C, ;5 alkyl group 1
bond integer of 1 to 10)

1-38a Formula [1-b] Single —(CH,),— (ais an —COO— Benzene ring —COO— Benzene ring C, ;5 alkyl group 2
bond integer of 1 to 10)

1-39a Formula [1-b] Single —(CH,),— (ais an —COO— Benzene ring —COO— Cyclohexane C,_, alkyl group 1

bond imteger of 1 to 10) ring

1-40a Formula [1-b] Single —(CH,),— (ais an —COO— Benzene ring —COO— Cyclohexane C, ;5 alkyl group 2
bond integer of 1 to 10) ring

1-41a Formula [1-b] Single —(CH,),— (aisan —O— Benzene ring —OCO— Benzene ring C,_;5 alkyl group 1
bond imteger of 1 to 10)

1-42a Formula [1-b]  Single —(CH,),— (aisan —O— Benzene ring —OCO— Benzene ring C,_;5 alkyl group 2
bond imteger of 1 to 10)

1-43a Formula [1-b] Single —(CH,),— (aisan —O— Benzene ring —OCO— Cyclohexane C,_ ;5 alkyl group 1
bond imteger of 1 to 10) ring

1-44a Formula [1-b]  Single —(CH,),— (aisan —O— Benzene ring —OCO— Cyclohexane C, ;5 alkyl group 2
bond imteger of 1 to 10) ring

1-45a Formula [1-b]  Single —(CH,),— (ais an —COO— Benzene ring —OCO— Benzene ring C,_» alkyl group 1
bond integer of 1 to 10)

TABLE 4
X! X2 x3 X4 X X6 X’ X8 P
1-46a Formula [1-b]  Single —(CH,),— (ais an —COO— Benzene ring —OCO— Benzene ring C,_,, alkyl group 2
bond integer of 1 to 10)
1-47a Formula [1-b]  Single —(CH,),— (ais an —COO— Benzene ring —OCO— Cyclohexane C,_, alkyl group 1
bond integer of 1 to 10) ring
1-48a Formula [1-b]  Single —(CH,),— (ais an —COO— Benzene ring —OCO— Cyclohexane C,_;, alkyl group 2

bond integer of 1 to 10) ring
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TABLE 4-continued

X! X? X3 X4 x> X6 X7’ X8 P
1-49a Formula [1-¢] —O— —(CH,),— (aisan —O— Benzene ring Single Benzene ring C,_, alkyl group 1
integer of 1 to 10) bond
1-50a Formula [1-¢] —O— —(CH,),— (aisan —O— Benzene ring Single Benzene ring C,_ , alkyl group 2
integer of 1 to 10) bond
1-51a Formula [1-¢] —COO— —(CH,),— (aisan —O— Benzene ring Single Benzene ring C,_, alkyl group 1
integer of 1 to 10) bond
1-52a Formula [1-¢] —COO— —(CH,),— (aisan —O— Benzene ring Single Benzene ring C,_ , alkyl group 2
integer of 1 to 10) bond
1-53a Formula [1-¢] —OCO— —(CH,),— (aisan —O— Benzene ring Single Benzene ring C,_; alkyl group 1
integer of 1 to 10) bond
1-54a Formula [1-¢] —OCO— —(CH,),— (aisan —O— Benzene ring Single Benzene ring C,_, alkyl group 2
integer of 1 to 10) bond
1-55a Formula [1-¢] —O— —(CH,),— (ais an —COO— Benzene ring Single Benzene ring C,_; alkyl group 1
integer of 1 to 10) bond
1-56a Formula [1-¢c] —O— —(CH,),— (ais an —COO— Benzene ring Single Benzene ring C,_, alkyl group 2
integer of 1 to 10) bond
1-57a Formula [1-¢] —COO— —(CH,),— (ais an —COO— Benzene ring Single Benzene ring C;_; alkyl group 1
integer of 1 to 10) bond
1-58a Formula [1-¢] —COO— —(CH,),— (ais an —COO— Benzene ring Single Benzene ring C;_5 alkyl group 2
integer of 1 to 10) bond
1-59a Formula [1-¢] —OCO— —(CH,),— (ais an —COO— Benzene ring Single Benzene ring C; 5 alkyl group 1
integer of 1 to 10) bond
1-60a Formula [1-¢] —OCO— —(CH,),— (ais an —COO— Benzene ring Single Benzene ring C,_;, alkyl group 2
integer of 1 to 10) bond
TABLE 5
X! X2 X3 x4 X° X® X’ X8 P
1-61a Formula [1-¢] —O— —(CH,),— (aisan —O— Benzene ring —COO— Benzene ring C;_;, alkyl group 1
integer of 1 to 10)
1-62a Formula [1-¢] —O— —(CH,),— (aisan —O— Benzene ring —COO— Benzene ring C, ;, alkyl group 2
integer of 1 to 10)
1-63a Formula [1-¢] —COO— —(CH,),— (aisan —O— Benzene ring —COO— Benzene ring C;_;, alkyl group 1
integer of 1 to 10)
1-64a Formula [1-¢] —COO— —(CH,),— (aisan —O— Benzene ring —COO— Benzene ring C, ;, alkyl group 2
integer of 1 to 10)
1-65a Formula [1-¢] —OCO— —(CH,),— (aisan —O— Benzene ring —COO— Benzene ring C;_;, alkyl group 1
integer of 1 to 10)
1-66a Formula [1-¢] —OCO— —(CH,),— (aisan —O— Benzene ring —COO— Benzene ring C;_;, alkyl group 2
integer of 1 to 10)
1-67a Formula [1-¢] —O— —(CH,),— (ais an —COO— Benzene ring —COO— Benzene ring C,_;, alkyl group 1
integer of 1 to 10)
1-68a Formula [1-¢] —O— —(CH,),— (ais an —COO— Benzene ring —COO— Benzene ring C,_;, alkyl group 2
integer of 1 to 10)
1-69a Formula [1-¢] —COO— —(CH,),— (ais an —COO— Benzene ring —COO— Benzene ring C,_;» alkyl group 1
integer of 1 to 10)
1-70a Formula [1-¢] —COO— —(CH,),— (ais an —COO— Benzene ring —COO— Benzene ring C,_;, alkyl group 2
integer of 1 to 10)
1-71a Formula [1-¢] —OCO— —(CH,),— (ais an —COO— Benzene ring —COO— Benzene ring C,_;» alkyl group 1
integer of 1 to 10)
1-72a Formula [1-¢] —OCO— —(CH,),— (ais an —COO— Benzene ring —COO— Benzene ring C, ;5 alkyl group 2
integer of 1 to 10)
1-73a Formula [1-¢] —O— —(CH,),— (aisan —O— Benzene ring —OCO— Benzene ring C;_;» alkyl group 1
integer of 1 to 10)
1-74a Formula [1-¢] —O— —(CH,),— (aisan —O— Benzene ring —OCO— Benzene ring C;_;» alkyl group 2
integer of 1 to 10)
1-75a Formula [1-¢] —COO— —(CH,),— (aisan —O— Benzene ring —OCO— Benzene ring C,_;» alkyl group 1

integer of 1 to 10)

TABLE 6
X! X2 x3 X4 X X6 X’ X8 P
1-76a Formula [1-¢] —COO— —(CH,),— (aisan —O— Benzene ring —OCO— Benzene ring C,_;» alkyl group 2
integer of 1 to 10)
1-77a Formula [1-¢] —OCO— —(CH,),— (aisan —O— Benzene ring —OCO— Benzene ring C,_,, alkyl group 1
integer of 1 to 10)
1-78 Formula [1-¢] —OCO— —(CH,),— (aisan —O— Benzene ring —OCO— Benzene ring C,_;» alkyl group 2

integer of 1 to 10)
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TABLE 6-continued

X! X? X3 X4 x> X6 X7’ X8 P
1-79a Formula [1-¢] —O— —(CH,),— (ais an —COO— Benzene ring —OCO— Benzene ring C,_, alkyl group 1
integer of 1 to 10)
1-80a Formula [1-¢c] —O— —(CH,),— (ais an —COO— Benzene ring —OCO— Benzene ring C,_,, alkyl group 2
integer of 1 to 10)
1-81a Formula [1-¢] —COO— —(CH,),— (aisan —COO— Benzene ring —OCO— Benzene ring C,_;, alkyl group 1
integer of 1 to 10)
1-82a Formula [1-¢] —COO— —(CH,),— (ais an —COO— Benzene ring —OCO— Benzene ring C,_,, alkyl group 2
integer of 1 to 10)
1-83a Formula [1-¢] —OCO— —(CH,),— (ais an —COO— Benzene ring —OCO— Benzene ring C,_;, alkyl group 1
integer of 1 to 10)
1-84a Formula [1-¢] —OCO— —(CH,),— (ais an —COO— Benzene ring —OCO— Benzene ring C,_,, alkyl group 2
integer of 1 to 10)
1-85a Formula [1-¢] —O— —(CH,),— (aisan —O— Benzene ring Single Cyclohexane C,_j, alkyl group 1
integer of 1 to 10) bond ring
1-86a Formula [1-¢c] —O— —(CH,),— (aisan —O— Benzene ring Single Cyclohexane C,_, alkyl group 2
integer of 1 to 10) bond ring
1-87a Formula [1-¢] —COO— —(CH,),— (aisan —O— Benzene ring Single Cyclohexane C,_; alkyl group 1
integer of 1 to 10) bond ring
1-88a Formula [1-¢] —COO— —(CH,),— (aisan —O— Benzene ring Single Cyclohexane C,_5 alkyl group 2
integer of 1 to 10) bond ring
1-89a Formula [1-¢] —OCO— —(CH,),— (aisan —O— Benzene ring Single Cyclohexane C,_, alkyl group 1
integer of 1 to 10) bond ring
1-90a Formula [1-¢] —OCO— —(CH,),— (aisan —O— Benzene ring Single Cyclohexane C,_j alkyl group 2
integer of 1 to 10) bond ring
TABLE 7
X! X? X3 x4 x° X¢ X’ X8 p
1-91a  Formula [1-¢] —O— —(CH,),— (a isan —COO— Benzene ring Single Cyclohexane C,_j, alkyl group 1
integer of 1 to 10) bond ring
1-92a  Formula [1-¢] —O— —(CH,),— (a isan —COO— Benzene ring Single Cyclohexane C,_j, alkyl group 2
integer of 1 to 10) bond ring
1-93a  Formula [1-¢c] —COO— —(CH,),— (a isan —COO— Benzene ring Single Cyclohexane C,_j, alkyl group 1
integer of 1 to 10) bond ring
1-94a  TFormula [1-¢] —COO— —(CH,),— (aisan —COO— Benzene ring Single Cyclohexane C,_j, alkyl group 2
integer of 1 to 10) bond ring
1-95a  Formula [1-¢c] —OCO— —(CH,),— (aisan —COO— Benzene ring Single Cyclohexane C,_j alkyl group 1
integer of 1 to 10) bond ring
1-96a  Formula [1-¢c] —OCO— —(CH,),— (aisan —COO— Benzene ring Single Cyclohexane C,_j, alkyl group 2
integer of 1 to 10) bond ring
1-97a  Formula [1-¢] —O— —(CH,),— (a isan —O— Benzene ring —COO— Cyclohexane C;_;, alkyl group 1
integer of 1 to 10) Ting
1-98a  Formula [1-¢] —O— —(CH,),— (a isan —O— Benzene ring —COO— Cyclohexane C;_;5 alkyl group 2
integer of 1 to 10) ring
1-99a  Formula [1-¢] —COO— —(CH,),— (aisan —O— Benzene ring —COO— Cyclohexane C; ;5 alkyl group 1
integer of 1 to 10) Ting
1-100a  Formula [1-¢] —COO— —(CH,),— (aisan —O— Benzene ring —COO— Cyclohexane C;_;5 alkyl group 2
integer of 1 to 10) Ting
1-10la  Formula [1-¢] —OCO— —(CH,),— (aisan —O— Benzene ring —COO— Cyclohexane C; ;5 alkyl group 1
integer of 1 to 10) Ting
1-102a  Formula [1-¢] —OCO— —(CH,),— (aisan —O— Benzene ring —COO— Cyclohexane C; 5 alkyl group 2
integer of 1 to 10) Ting
1-103a  Formula [1-¢] —O— —(CH,),— (a is an —COO— Benzene ring —COO— Cyclohexane C,_j, alkyl group 1
integer of 1 to 10) Ting
1-104a  Formula [1-¢] —O— —(CH,),— (a is an —COO— Benzene ring —COO— Cyclohexane C,_, alkyl group 2
integer of 1 to 10) Ting
1-105a  Formula [1-¢] —COO— —(CH,),— (aisan —COO— Benzene ring —COO— Cyclohexane C,_, alkyl group 1
integer of 1 to 10) Ting
TABLE 8
X! X2 x3 X4 X° X X’ X8 P
1-106a  Formula [1-¢c] —COO— —(CH,),— (a isan —COO— Benzene ring —COO— Cyclohexane C,_, alkyl group 2
integer of 1 to 10) ring
1-107a  Formula [1-¢] —OCO— —(CH,),— (aisan —COO— Benzene ring —COO— Cyclohexane C,_j, alkyl group 1
integer of 1 to 10) ring
1-108a  Formula [1-¢c] —OCO— —(CH,),— (a isan —COO— Benzene ring —COO— Cyclohexane C,_, alkyl group 2

integer of 1 to 10) ring
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TABLE 8-continued

X! X? X3 x4 x> X6 X’ X8 P
1-109a  Formula [1-¢] —O— —(CH,),— (aisan —O— Benzene ring —OCO— Cyclohexane C,_;, alkyl group 1
integer of 1 to 10) ring
1-110a  Formula [1-¢] —O— —(CH,),— (aisan —O— Benzene ring —OCO— Cyclohexane C,_ , alkyl group 2
integer of 1 to 10) ring
1-111a  Formula [1-¢] —COO— —(CH,),— (aisan —O— Benzene ring —OCO— Cyclohexane C,_;, alkyl group 1
integer of 1 to 10) ring
1-112a  Formula [1-¢] —COO— —(CH,),— (aisan —O— Benzene ring —OCO— Cyclohexane C,_ , alkyl group 2
integer of 1 to 10) ring
1-113a  Formula [1-¢] —OCO— —(CH,),— (aisan —O— Benzene ring —OCO— Cyclohexane C,_, alkyl group 1
integer of 1 to 10) ring
1-114a  Formula [1-¢c] —OCO— —(CH,),— (aisan —O— Benzene ring —OCO— Cyclohexane C,_ , alkyl group 2
integer of 1 to 10) ring
1-115a  Formula [1-¢] —O— —(CH,),— (a is an —COO— Benzene ring —OCO— Cyclohexane C,_;, alkyl group 1
integer of 1 to 10) ring
1-116a  Formula [1-¢] —O— —(CH,),— (a isan —COO— Benzene ring —OCO— Cyclohexane C,_, alkyl group 2
integer of 1 to 10) ring
1-117a  Formula [1-¢c] —COO— —(CH,),— (a isan —COO— Benzene ring —OCO— Cyclohexane C,_;, alkyl group 1
integer of 1 to 10) ring
1-118a  Formula [1-¢] —COO— —(CH,),— (aisan —COO— Benzene ring —OCO— Cyclohexane C,_,, alkyl group 2
integer of 1 to 10) ring
1-119a  Formula [1-¢c] —OCO— —(CH,),— (a isan —COO— Benzene ring —OCO— Cyclohexane C,_, alkyl group 1
integer of 1 to 10) ring
1-120a  Formula [1-¢] —OCO— —(CH,),— (aisan —COO— Benzene ring —OCO— Cyclohexane C,_,, alkyl group 2
integer of 1 to 10) ring
TABLE 9
x! X2 x3 x4 x° bl X’ x8 p
1-121a  Formula [1-a] Single —(CH,),— (aisan —O— C,.5; organic group  Single — C, 5 alkenyl group 0
bond integer of 1 to 10) having steroid skeleton bond
1-122a  Formula [1-b] Single —(CH,),— (aisan —O— C,7.5; organic group  Single — C, 5 alkenyl group 0
bond integer of 1 to 10) having steroid skeleton bond
1-123a  Formula [1-a] Single —(CH,),— (a isan —COO— C,,5, organic group  Single — C, ;5 alkenyl group 0
bond integer of 1 to 10) having steroid skeleton bond
1-124a  Formula [1-b] Single —(CH,),— (aisan —COO— C,,5, organic group  Single — C, ;5 alkenyl group 0
bond integer of 1 to 10) having steroid skeleton bond
1-125a  Formula [1-¢] —O— —(CH,),— (a isan —O— C,.5 organic group ~ Single — C, 5 alkenyl group 0
integer of 1 to 10) having steroid skeleton bond
1-126a  Formula [1-¢] —COO— —(CH,),— (aisan —O— C,.5 organic group ~ Single — C, 5 alkenyl group 0
integer of 1 to 10) having steroid skeleton bond
1-127a  Formula [1-¢] —OCO— —(CH,),— (aisan —O— C,.5; organic group  Single — C,_, alkenyl group 0
integer of 1 to 10) having steroid skeleton bond
1-128a  Formula [1-¢] —O— —(CH,),— (a isan —COO— C,,5, organic group  Single — C, ;5 alkenyl group 0
integer of 1 to 10) having steroid skeleton bond
1-129a  Formula [1-¢] —COO— —(CH,),— (aisan —COO— C,, 5, organic group  Single — C,_j, alkenyl group 0
integer of 1 to 10) having steroid skeleton bond
1-130a  Formula [1-¢] —OCO— —(CH,),— (aisan —COO— C,;5, organic group  Single — C, i, alkenyl group 0
integer of 1 to 10) having steroid skeleton bond

[0030] Among them, from the viewpoint of optical prop-
erties of the liquid crystal display device, preferred is a [1a-1]
combination of (1-1a) to (1-12a), (1-13a), (1-14a), (1-17a),

(1-18a), (1-21a), (1-22a), (1-25a) to (1-38a), (1-4la), 1,
(1-42a), (1-45a), (1-46a), (1-49a) to (1-96a) or (1-121a) to H2C=§I—ﬁ—0+c %10 Xt
(1-130a). /,

[0031] More preferred is a combination of (1-1a) to (1-4a),
(1-9a) to (1-12a), (1-25a) to (1-28a), (1-33a) to (1-36a),
(1-49a) to (1-52a), (1-61a) to (1-64a), (1-85a) to (1-88a),
(1-121a), (1-122a), (1-125a) or (1-126a).

[0032] Particularly preferred is a combination of (1-3a),

(1-4a), (1-9a), (1-10a), (1-27a). (1-28a), (1-33a), (1-34a), [1a2]
(1-49a) to (1-52a), (1-61a) to (1-64a), (1-83a) to (1-88a), CH;
(1-121a), (1-122a), (1-125a) or (1-126a). | H,

HC=C—C—0—+C 370 XP

[0033] As more specific preferred specific compounds,
compounds represented by the following formula [1a-1] to 0 p
formula [1a-6] may be mentioned.
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-continued

[1a-3]
[1a-4]
[1a-5]

CH

3
HC= é c 0—C a—o@ O
[1a-6]
Dt

[0034] In the formula [1a-1] to formula [la-6], X to X*
and pl to p9 are as defined above. Among them, respec-
tively, the following ones are preferred.

[0035] X° X° X% X/, X" and X* are each independently,
from the viewpoint of optical properties of the liquid crystal
display device, preferably a C,_ |, alkyl group or a C,_|,
alkoxy group. More preferred is a C, 4 alkyl group ora C,
alkoxy group. X° and X' are each independently, from the
viewpoint of availability of raw material or easy synthesis,
preferably —O— or —COO—. X¢, X& and X’ are each
independently, from the viewpoint of availability of raw
material or easy synthesis, preferably —COO— or
—O0CO—. pl, p3, p3, p7, p8 and p9 are each independently
preferably an integer of from 1 to 10. More preferred from
the viewpoint of optical properties of the liquid crystal
display device, is an integer of from 1 to 8. p2, p4 and p6 are
each independently preferably an integer of 1 or 2.

[0036] The proportion of the specific compound to be used
(contained) in the liquid crystal composition is, from the
viewpoint of optical properties of the liquid crystal display
device, preferably from 0.1 to 20 parts by mass to 100 parts
by mass of the liquid crystal composition excluding the
specific compound. More preferred is from 0.5 to 15 parts by
mass, and particularly preferred is from 1 to 10 parts by
mass.

[0037] Here, as the specific compound, one type may be
used alone or two or more types may be used as mixed,
depending on the optical properties of the liquid crystal
display device, or the adhesion property between liquid
crystal layer and the liquid crystal alignment film.

[0038] As the liquid crystal in the liquid crystal compo-
sition, a nematic liquid crystal, a smectic liquid crystal or a
cholesteric liquid crystal may be used. Among them, pre-
ferred is one having a negative dielectric anisotropy. Further,
from the viewpoint of low voltage driving and scattering
properties of the liquid crystal display device, one having a
large anisotropy of dielectric constant and a large anisotropy
of refractive index, is preferred. Specifically, the anisotropy
of dielectric constant (AE: referred to also as the dielectric
anisotropy) is preferably from -1 to -10, more preferably
from -3 and -6. Further, the anisotropy of refractive index
(An: referred to also as the refractive index anisotropy) is
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preferably from 0.150 to 0.350, more preferably from 0.150
to 0.250. Further. the phase transition temperature of the
liquid crystal is preferably from 40 to 120° C., more
preferably from 80 to 100° C. Further, as the liquid crystal,
it is also possible to use at least two types of liquid crystal
as mixed, depending upon various physical properties such
as the phase transition temperature, dielectric anisotropy and
refractive index anisotropy.

[0039] In order to drive the liquid crystal display device as
an active element such as TFT (Thin Film Transistor), the
liquid crystal is required to have a high electrical resistance
and a high voltage holding ratio (referred to also as VHR).
Therefore, as the liquid ecrystal, it is preferred to use a
fluorinated or chlorinated liquid crystal which has a high
electrical resistance, and of which VHR will not be lowered
by active energy rays such as ultraviolet rays.

[0040] Further, the liquid crystal display device may be
made to be a guest-host type device by dissolving a dichroic
dye in the liquid crystal composition. In such a case, it is
possible to obtain a device which is transparent when no
voltage is applied, and becomes absorbed (scattered) when
a voltage is applied. Further, in this liquid crystal display
device, the direction of the liquid crystal director (direction
of alignment) changes by 90 degrees depending on the
presence or absence of the voltage application. Therefore,
with this liquid crystal display device, by utilizing the
difference in light absorption properties of the dichroic dye,
it is possible to obtain a high contrast as compared to a
conventional guest-host type device to carry out switching
between random alignment and vertical alignment. Further,
with the guest-host type device having a dichroic dye
dissolved, the liquid crystal becomes colored when aligned
horizontally, and becomes opaque only in a scattering state.
Therefore, it is also possible to obtain a device which is
switchable from colorless transparent at the time of no
application of a voltage to a state of colored opaque and
colored transparent, as a voltage is applied.

[0041] The polymerizable compound in the liquid crystal
composition may be one capable of undergoing a polymer-
ization reaction by ultraviolet rays to form a cured product
composite of the liquid crystal composition (e.g. like a
polymer network), i.e. a liquid crystal layer. At that time, a
monomer of the polymerizable compound may be incorpo-
rated in the liquid crystal composition, or, in advance, the
monomer may be subjected to a polymerization reaction,
and the obtained polymer may be incorporated in the liquid
crystal composition. However, even when the polymer is
used, it should have a site which undergoes a polymerization
reaction by ultraviolet rays. More preferably, from the
viewpoint of the handling efficiency of the liquid crystal
composition, that is, from the viewpoint of inhibition of a
high viscosity of the liquid crystal composition or its solu-
bility in the liquid crystal, preferred is a method of incor-
porating the monomer in the liquid crystal composition, and
subjecting it to a polymerization reaction by irradiation with
ultraviolet rays at the time of preparing a liquid crystal
display device, to form a cured product.

[0042] The polymerizable compound is preferably a com-
pound which is soluble in the liquid crystal. However, it
becomes necessary that when the polymerizable compound
is dissolved in the liquid crystal, a temperature is present at
which a part or whole of the liquid crystal composition
exhibits a liquid crystal phase. Even in a case where a part
of the liquid crystal composition exhibits a liquid crystal
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phase, it is preferred that when the liquid crystal display
device is observed with the naked eye, substantially uniform
transparency and scattering properties are obtainable
throughout the entire inside of the device.

[0043] The polymerizable compound may be any com-
pound which undergoes a polymerization reaction by ultra-
violet rays, and at that time, the polymerization may be
proceeded in any reaction mode to form a cured product of
the liquid crystal composition. As a specific reaction mode,
radical polymerization, cationic polymerization, anionic
polymerization or polyaddition reaction may be mentioned.
[0044] Among them, radical polymerization is preferred
as the reaction mode of the polymerizable compound. At that
time, as the polymerizable compound, the following radical-
type polymerizable compounds (monomers) and their oli-
gomers may be used. Further, as mentioned above, it is also
possible to use polymers obtained by subjecting these mono-
mers to a polymerization reaction.

[0045] A monofunctional polymerizable compound may,
for example, be acrylic acid, 2-ethylhexyl acrylate, butyl-
ethyl acrylate, butoxyethyl acrylate, 2-cyanoethyl acrylate,
benzyl acrylate, cyclohexyl acrylate, hydroxyethyl acrylate,
hydroxypropyl acrylate, 2-ethoxyethyl acrylate, N,N-dieth-
ylaminoethyl acrylate, N,N-dimethylaminoethyl acrylate,
dicyclopentanyl acrylate, dicyclopentenyl acrylate, glycidyl
acrylate, tetrahydrofurfuryl acrylate, isobornyl acrylate, iso-
decyl acrylate, lauryl acrylate, morpholine acrylate, phe-
noxyethyl acrylate, phenoxydiethylene glycol acrylate, 2,2,
2-trifluoroethyl ~ acrylate,  2,2,3,3,3-pentafluoropropyl
acrylate, 2,2,3,3-tetrafluvoropropyl acrylate, 2,2,3.4.4.4-
hexafluorobutyl acrylate, or their methacrylates.

[0046] Among them, preferred is acrylic acid, 2-ethyl-
hexyl acrylate, butylethyl acrylate, butoxyethyl acrylate,
cyclohexyl acrylate, hydroxyethyl acrylate, hydroxypropyl
acrylate, 2-ethoxyethyl acrylate, dicyclopentanyl acrylate,
dicyclopentenyl acrylate, tetrahydrofurfuryl acrylate,
isobornyl acrylate, morpholine acrylate, phenoxyethyl acry-
late, phenoxydiethylene glycol acrylate, or their methacry-
lates. More preferred is acrylic acid, 2-ethylhexyl acrylate,
hydroxyethyl acrylate, hydroxypropyl acrylate, tetrahydro-
furfuryl acrylate, isobornyl acrylate, morpholine acrylate,
phenoxyethy! acrylate. phenoxydiethylene glycol acrylate,
or their methacrylates.

[0047] A bifunctional polymerizable compound may, for
example, be 4,4'-diacryloyloxy stilbene, 4,4'-diacryloyloxy
dimethyl stilbene, 4,4'-diacryloyloxy diethyl stilbene, 4,4'-
diacryloyloxy dipropyl stilbene, 4,4'-diacryloyloxy dibutyl
stilbene, 4,4'-diacryloyloxy dipentyl stilbene, 4.4'-diacryloy-
loxy dihexyl stilbene, 4,4'-diacryloyloxy difluorostilbene,
2,2,3,3,4,4-hexafluoropentanediol-1,5-diacrylate, 1,1.2,2,3,
3-hexafluoropropyl-1,3-diacrylate, diethylene glycol diacry-
late, triethylene glycol diacrylate, 1,4-butanediol diacrylate,
1,3-butylene glycol diacrylate, 1.6-hexanediol diacrylate,
neopentyl glycol diacrylate, tetracthylene glycol diacrylate,
4,4'-biphenyl diacrylate, diethylstilbestrol diacrylate, 1,4-
bisacryloyloxybenzene, 4,4'-bisacryloyloxydiphenyl ether,
4,4'-bisacryloyloxydiphenylmethane, 3,9-[1,1-dimethyl-2-
acryloyloxyethyl]-2,4,8,10-tetraspiro[ 5,5Jundecane, oo’
bis[4-acryloyloxyphenyl]-1,4-diisopropylbenzene, 1,4-bi-
sacryloyloxytetrafluorobenzene, 4.4
bisacryloyloxyoctafluorobiphenyl, dicyclopentanyl
diacrylate, glycerol diacrylate, 1,6-hexanediol diacrylate,
1,9-nonanediol diacrylate, polyethylene glycol diacrylate,
polypropylene glycol diacrylate, or their dimethacrylates.
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[0048] Among them, preferred is diethylene glycol dia-
crylate, triethylene glycol diacrylate, neopentyl glycol dia-
crylate, tetraethylene glycol diacrylate, 1,9-nonanediol dia-
crylate, polyethylene glycol diacrylate, polypropylene
glycol diacrylate, or their dimethacrylates.

[0049] A polyfunctional polymerizable compound may,
for example, be trimethylolpropane triacrylate, pentaeryth-
ritol tetraacrylate, pentaerythritol triacrylate, ditrimethylol-
propane tetraacrylate, dipentaerythritol hexaacrylate, dipen-
taerythritol monohydroxy pentaacrylate, trimethylolpropane
trimethacrylate, pentaerythritol tetraacrylate, pentaerythritol
trim ethacrylate, ditrimethylolpropane tetramethacrylate,
dipentaerythritol hexamethacrylate, dipentaerythritol mono-
hydroxy pentamethacrylate or triaryl isocyanate.

[0050] Among them, preferred is trimethylolpropane tria-
crylate, pentaerythritol tetraacrylate, pentaerythritol triacry-
late, trimethylolpropane trimethacrylate, pentaerythritol
tetramethacrylate, pentaerythritol trimethacrylate or triaryl
isocyanate.

[0051] In the present invention, from the viewpoint of
adhesion between the liquid crystal layer and the liquid
crystal alignment film of the liquid crystal display device, it
is preferred to use the following polyfunctional thiol com-
pound as the polymerizable compound.

[0052] For example, 1,11-undecanedithiol, 4-ethyl-ben-
zene-1,3-dithiol, 1,2-ethanedithiol, 1,8-octanedithiol, 1,18-
octadecanedithiol, 2,5-dichlorobenzene-1,3-dithiol, 1,3-(4-
chlorophenyl)propane-2,2-dithicl, 1,1-cyclohexanedithiol,
1,2-cyclohexanedithiol, 1,4-cyclohexanedithiol, 1,1-cyclo-
heptanedithiol, 1,1-cyclopentanedithiol, 4,8-dithiound-
ecane-1,11-dithiol, dithiopentaerythritol, dithiothreitol, 1,3-
diphenylpropane-2,2-dithiol, 1,3-dihydroxy-2-propyl-2',3'-
dimercaptopropyl ether, 2,3-dihydroxypropyl-2',3'-
dimercaptopropyl ether, 2,6-dimethyloctane-2,6-dithiol,
2,6-dimethyloctane-3,7-dithiol,  2,4-dimethylbenzene-1,3-
dithiol, 4,5-dim ethylbenzene-1,3-dithiol, 3,3-dimethylbu-
tane-2,2-dithiol, 2,2-dimethylpropane-1,3-dithiol, 1,3-di(4-
methoxyphenyl)propane-2,2-dithiol, 3,4-dimethoxybutane-
1,2-dithiol, 10,11-dimercaptoundecanoic acid, 6,8-dim
ercaptooctanoic acid, 2,5-dimercapto-1,3,4-thiadiazole, 2,2'-
dimercapto-biphenyl, 4,4'-dimercaptobiphenyl, 4,4'-di-
meraptobibenzyl, 3,4-dimercaptobutanol, 3,4-dim ercapto-
butyl acetate, 2,3-dimercapto-1-propanol, 1,2-dimercapto-1,
3-butanediol,  2,3-dimercaptopropionic  acid, 1,2-
dimercaptopropyl methyl ether, 2,3-dimercaptopropyl-2',3'-
dimethoxypropyl  ether,  3,4-thiophenedithiol,  1,10-
decanedithiol, 1,12-dodecanedithiol, 3,5,5-trimethylhexane-
1,1-dithiol, 2,5-toluenedithiol, 3,4-toluenedithiol, 1,4-
naphthalenedithiol, 1,5-naphthalenedithiol, 2,6-
naphthalenedithiol,  1,9-nonanedithiol, norbornene-2,3-
dithiol, bis(2-mercaptoisopropyl) ether, bis(11-
mercaptoundecyl) sulfide, bis(2-mercaptoethyl) ether, bis(2-
mercaptoethyl) sulfide, bis(18-mercaptooctadecyl) sulfide,
bis(8-mercaptooctyl) sulfide, bis(12-mercapto-decyl) sul-
fide, bis(9-mercaptononyl) sulfide, bis(4-mercaptobutyl)
sulfide, bis(3-mercaptopropyl) ether, bis(3-mercaptopropyl)
sulfide, bis(6-mercaptohexyl) sulfide, bis(7-mercaptoheptyl)
sulfide, bis(5-mercaptopentyl) sulfide, 2,2'-bis(mercaptom-
ethyl) acetic acid, 1,1-bis(mercaptomethyl)cyclohexane,
phenylmethane-1,1-dithiol, 1,2-butane dithiol, 1,4-butane
dithiol, 2,3-butane dithiol, 2,2-butanedithiol, 1,2-propanedi-
thiol, 1,3-propanedithiol, 2,2-propanedithiol, 1,2-hexanedi-
thiol, 1,6-hexanedithiol, 2.5-hexanedithiol, 1,7-heptanedi-
thiol,  2,6-heptanedithiol, 1,5-pentanedithiol,  2.4-
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pentanedithiol, 3,3-pentanedithiol, 7,8-heptadecanedithiol,
1,2-benzenedithiol, 1,3-benzenedithiol, 1,4-benzenedithiol,
2-methylcyclohexane-1,1-dithiol,  2-methylbutane-2,3-di-
thiol, ethylene glycol bis(3-mercaptopropionate), 1,2,3-pro-
panetrithiol, 1,2,4-butanetrithiol, pentaerythritol tris(3-mer-

captopropionate), 1,3,5-benzenetrithiol, 2,4,6-
mesitylenetrithiol, neopentanetetrathiol, 2 4,6-
toluenetrithiol, trimethylolpropane tris(3-
mercaptopropionate), tris-[(3-mercaptopropionyloxy)-
ethyl]-isocyanurate, pentaerythritol tetrakis(3-
mercaptopropionate),  tetracthylene  glycol  bis(3-
mercaptopropionate), dipentaerythritol hexakis(3-
mercaptopropionate), trimethylolpropane tris(3-
mercaptobutyrate), trimethylolethane tris(3-
mercaptobutyrate), pentaerythritol tetrakis(3-
mercaptobutyrate), 1,4-bis(3-mercaptobutyryloxy)butane,

1,3,5-tris(3-mercaptobutyryloxyethyl)-1,3,5-triazine-2,4.6-
(1H.3H.5H)-trione, neopentanetetrathiol, 2,2'-bis(mercap-
tomethyl)-1,3-propanedithiol, pentaerythritol tetrakis(3-
mercaptopropionate),  1,4-dithiane-2,5-di(methanethiol),
etc. may be mentioned.

[0053] Among them, preferred is trimethylolpropane tris
(3-mercaptopropionate),  tris-[(3-mercaptopropionyloxy)-
ethyl]-isocyanurate, pentaerythritol tetrakis(3-mercaptopro-
pionate), tetraethyleneglycol bis(3-mercaptopropionate),
dipentaerythritol hexakis(3-mercaptopropionate), trimethyl-
olpropane tris(3-mercaptobutyrate), trimethylolethane tris
(3-mercaptobutyrate), pentaerythritol tetrakis(3-mercapto-
butyrate), 1,4-bis(3-mercaptobutyryloxy)butane, 1,3,5-tris
(3-mercaptobutyrvloxyethyl)-1,3,5-triazine-2,4,6-(1H.3H.
5H)-trione, neopentanetetrathiol, 2,2'-bis(mercaptomethyl)-
1,3-propanedithiol, pentaerythritol tetrakis(3-
mercaptopropionate) or 1,4-dithiane-2,5-di(methanethiol).
[0054] More preferred from the viewpoint of adhesion
between the liquid crystal layer and the liquid crystal
alignment film of the liquid crystal display device, is trim-
ethylolpropane tris(3-mercaptopropionate), trimethylolpro-
pane tris(3-mercaptobutyrate), trimethylolethane tris(3-mer-
captobutyrate), pentaerythritol tetrakis(3-mercaptobutyrate),
1,4-bis(3-mercaptobutyryloxy)butane or 1,4-dithiane-2,5-di
(methanethiol).

[0055] The proportion of the polyfunctional thiol com-
pound to be used (contained) is preferably from 0.1 to 100
parts by mass, more preferably from 1 to 50 parts by mass,
particularly preferably from 5 to 40 parts by mass, to 100
parts by mass of the liquid crystal in the liquid crystal
composition.

[0056] Further, from the viewpoint of optical properties of
the liquid crystal display device, the polymerizable com-
pound preferably contains an urethane acrylate (or urethane
methacrylate) compound obtained from the reaction of a
diisocyanate component and a hydroxy group-containing
acrylate (or methacrylate) compound. Such a compound
may be a monomer or an oligomer, or it may be one further
polymerized. In particular, the diisocyanate component is
preferably of an aliphatic structure.

[0057] The diisocyanate component may, specifically, be
ethylene diisocyanate, trimethylene diisocyanate, tetrameth-
ylene diisocyanate, hexamethylene diisocyanate, octameth-
vlene diisocyanate, nonamethylene diisocyanate, 2,2'-dim-
ethylpentane diisocyanate, 2,2 4-trimethylhexane
diisocyanate, decamethylene diisocyanate, butene diisocya-
nate, 1,3-butadiene-1,4-diisocyanate, 2,4,4-trimethyl hex-
amethylene diisocyanate, 1,6,11-undecane triisocyanate,
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1,3,6-hexamethylene triisocyanate, 1,8-diisocyanato-4-iso-
cyanate methyloctane, 2,5,7-trimethyl-1,8-diisocyanate-5-
isocyanate methyloctane, bis(isocyanateethyl) carbonate,
bis(isocyanatoethyl) ether, 1,4-butylene glycol dipropyl
ether-w,w'-diisocyanate, lysine diisocyanate methyl ester,
lysine triisocyanate, 2-isocyanateethyl-2,6-diisocyanate
hexanoate, 2-isocyanatepropyl-2,6-diisocyanate hexanoate,
xylylene diisocyanate, bis(isocyanateethyl)benzene, bis(iso-
cyanatepropyl)benzene, a,a,a'a'-tetramethylxylylene diiso-
cyanate, bis(isocyanatebutyl)benzene, bis(isocyanatemeth-
yl)naphthalene, bis(isocyanatemethyl) diphenyl ether, bis
(isocyanateethyl)phthalate, mesitylene triisocyanate or an
alicyclic corn pound such as 2,6-di(isocyanatemethyl)furan,
isophorone  diisocyanate,  bis(isocyanatomethyl)cyclo-
hexane, dicyclohexylmethane diisocyanate, cyclohexane
diisocyanate, methyleyclohexane diisocyanate, dicyclo-
hexyl-dimethylmethane diisocyanate, 2,2'-dimethyldicyclo-
hexylmethane diisocyanate, bis(4-isocyanate-n-butylidene)-
pentaerythritol, dimer acid diisocyanate,
2-isocyanatomethyl-3-(3-isocyanate  propyl)-3-isocyanate-
methyl-bicyclo-(2,2,1)-heptane, 2-isocyanatemethyl-2-(3-
isocyanatepropyl)-6-methyl isocyanate-bicyclo-(2, 2,1)-
heptane, 2-isocyanatemethyl-2-(3-isocyanatepropyl)-5-
methyl isocyanate-bicyclo-(2,2,1)-heptane,
2-isocyanatemethyl-3-(3-isocyanatepropyl)-6-isocyanatom-
ethyl-bicyclo-(2,2,1)-heptane, 2-isocyanatomethyl-3-(3-iso-
cyanatepropyl)-5-(2-isocyanatomethyl)-bicyclo-(2,2,1)-
heptane, 2-isocyanatomethyl-3-(3-isocyanatepropyl)-6-(2-
isocyanatoethyl)-bicyclo-(2,2,1)-heptane,
2-isocyanatomethyl-2-(3-isocyanatepropyl)-5-(2-isocyana-
teethyl)-bicyclo-(2,2,1)-heptane, 2-isocyanatemethyl-2-(3-
isocyanatepropyl)-6-(2-isocyanateethyl)-bicyclo-(2,2,1)-
heptane, etc.

[0058] The hydroxy group-containing acrylate (or meth-
acrylate) may, for example, be hydroxyethyl acrylate,
hydroxypropyl acrylate, phenyl glycidyl ether acrylate, pen-
taerythritol triacrylate or dipentaerythritol pentaacrylate, or
their methacrylates.

[0059] The urethane acrylate (or methacrylate) is, from the
viewpoint of optical properties of the liquid crystal display
device, preferably pheny glycidyl ether acrylate hexameth-
ylene diisocyanate urethane prepolymer, pentaerythritol tria-
crylate hexamethylene diisocyanate urethane prepolymer or
dipentaerythritol pentaacrylate hexamethylene diisocyanate,
or their methacrylates.

[0060] The proportion of the urethane acrylate (or meth-
acrylate) to be used (contained) is preferably from 1 to 200
parts by mass, more preferably from 5 to 150 parts by mass,
particularly preferably from 5 to 100 parts by mass, to 100
parts by mass of the liquid crystal in the liquid crystal
composition.

[0061] As the polymerizable compound in the present
invention, it is preferred to use both of the above polyfunc-
tional thiol compound and urethane acrylate (or urethane
methacrylate).

[0062] Further, as the polymerizable compound, it is pre-
ferred to use, together with the polyfunctional thiol com-
pound and urethane acrylate (or urethane methacrylate), the
above-mentioned monofunctional polymerizable com-
pound, bifunctional polymerizable compound, polyfunc-
tional polymerizable corn pound, etc.

[0063] It is more preferred to use the polyfunctional thiol
compound, urethane acrylate (or urethane methacrylate),
monofunctional acrylate, polyfunctional acrylate, polyfunc-
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tional acrylate, monofunctional methacrylate and/or poly-
functional acrylate. It is still more preferred to use the
polyfunctional thiol compound, urethane acrylate (or ure-
thane methacrylate), monofunctional acrylate, monofunc-
tional methacrylate and/or polyfunctional methacrylate.
[0064] The proportion of the monofunctional acrylate to
be used (contained) is preferably from 10 to 300 parts by
mass, more preferably from 20 to 250 parts by mass,
particularly preferably from 25 to 200 parts by mass, to 100
parts by mass of the liquid crystal in the liquid crystal
composition.

[0065] The proportion of the monofunctional methacrylate
to be used (contained) is preferably from 0.1 to 100 parts by
mass, more preferably from 1 to 50 parts by mass, particu-
larly preferably from 1 to 25 parts by mass, to 100 parts by
mass of the liquid crystal in the liquid crystal composition.
[0066] The proportion of the polyfunctional methacrylate
to be used (contained) is preferably from 0.1 to 200 parts by
mass, more preferably from 1 to 150 parts by mass, par-
ticularly preferably from 10 to 100 parts by mass, to 100
parts by mass of the liquid crystal in the liquid crystal
composition.

[0067] In the present invention, for the purpose of pro-
moting formation of a curable resin by facilitating radical
polymerization of a polymerizable compound, it is preferred
to incorporate a radical initiator (referred to also as a
polymerization initiator) that generates radicals by ultravio-
let rays, in the liquid crystal composition.

[0068] Specifically, for example, organic peroxides such
as tert-butylperoxy-iso-butarate, 2,5-dimethyl-2,5-bis(ben-
zoyldioxy)hexane, 1,4-bis[a-(tert-butyldioxy)-iso-propoxy]
benzene, di-tert-butyl peroxide, 2,5-dimethyl-2,5-bis(tert-
butyldioxy)hexene hydroperoxide, ca.-(iso-propylphenyl)-
iso-propyl hydroperoxide, 2,5-dimethylhexane, tert-butyl
hydroperoxide, 1,1-bis(tert-butyldioxy)-3,3,5-trimethylcy-
clohexane, butyl-4,4-bis(tert-butyldioxy)valerate, cyclo-
hexanone peroxide, 2,2',5,5'-tetra(tert-butylperoxycarbonyl)

benzophenone, 3,3',4,4'-tetra(tert-butylperoxycarbonyl)
benzophenone, 3,3' 4 4'-tetra(tert-amylperoxycarbonyl)
benzophenone, 3,3',4,4'-tetra(tert-hexylperoxycarbonyl)
benzophenone, 3,3"-bis(tert-butylperoxycarbonyl)-4,4'-

dicarboxybenzophenone, tert-butyl peroxybenzoate, di-tert-
butyldiperoxy  isophthalate, 1-methyl-1-phenylethyl
peroxide, cumene hydroperoxide, etc.; quinones such as
9,10-anthraquinone, 1-chloroanthraquinone, 2-chloroan-
thraquinone, octamethyl anthraquinone, 1,2-benzanthraqui-
none, etc.; and benzoin derivatives such as benzoin methyl,
benzoin ethyl ether, a~-methyl benzoin, a-phenyl benzoin,
etc. may be mentioned.

[0069] The proportion of the radical initiator to be used is
preferably from 0.1 to 50 parts by mass, more preferably
from 0.1 to 35 parts by mass, particularly preferably from
0.1 to 10 parts by mass, to 100 parts by mass of the entire
liquid crystal.

[0070] Further, depending on the optical properties of the
liquid crystal display device or the adhesion between the
liquid crystal layer and the liquid crystal alignment film, one
of these radical initiators, or two or more of them as mixed,
may be used.

[0071] In addition, in the present invention, from the
viewpoint of adhesion between the liquid crystal layer and
the liquid crystal alignment film of the liquid crystal display
device, it is preferred that an organic phosphoric acid
compound is contained in the liquid crystal composition.
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[0072] Specifically, for example, triphenyl phosphate, tris-
nonyl phosphate, tricresyl phosphate, triethyl phosphate,
tris(2-ethylhexyl) phosphate, diphenyl mono(2-ethylhexyl)
phosphate, diethyl hydrogen phosphate, diphenyl hydrogen
phosphate, tetraphenyl dipropylene glycol diphosphate, bis
(decyl) pentaerythritol diphosphate, tris(2,4-di-tert-butyl-
phenyl) phosphate, diphenyl(2,4,6-trimethylbenzoyl) phos-
phine oxide, etc. may be mentioned. Among them, preferred
is triphenyl phosphate, tricresyl phosphate, diphenyl hydro-
gen phosphate, tetraphenyl dipropylene glycol diphosphate
or diphenyl(2,4,6-trimethylbenzoyl) phosphone oxide. More
preferred from such a viewpoint that the above effects are
more enhanced, is tetraphenyl dipropylene glycol diphos-
phate or diphenyl(2,4,6-trimethylbenzoyl) phosphone oxide.
[0073] The proportion of the organic phosphoric acid
compound to be used (contained) is preferably from 0.1 to
50 parts by mass, more preferably from 0.1 to 20 parts by
mass, particularly preferably from 0.1 to 10 parts by mass,
to 100 parts by mass of the entire liquid crystal.

<Specific Side Chain Structure (1)>

[0074] The specific side chain structure (1) in the present
invention is represented by the following formula [2-1] or
formula [2-2].

(2-1]
_YI_YZ_Y3_Y4_<_Y5_>n_Y6

[0075] In the formula [2-1], Y', Y2, Y3, Y%, Y®, Yoand n
are as defined above, but inter alia, respectively, the follow-
ing ones are preferred.

[0076] Y*' is, from the viewpoint of availability of raw
material and easy synthesis, preferably a single bond,
—(CH,),— (a is an integer of from 1 to 15), —O—,
—CH,0— or —COO—. More preferred is a single bond,
—(CH,),— (a is an integer of from 1 to 10), —O—,
—CH,0— or —COO—. Y? is preferably a single bond or
—(CH,),— (b is an integer of from 1 to 10). Y? is, from the
viewpoint of easy synthesis, preferably a single bond,
—(CH,)— (c is an integer of from 1 to 15), —O—,
—CH,0— or —COO—. More preferred is a single bond,
—(CH,)— (c is an integer of from 1 to 10), —O—,
—CH,0— or —COO—. Y* is, from the viewpoint of easy
synthesis, preferably a benzene ring, a cyclohexane ring or
a C,,.5, organic group having a steroid skeleton. Y* is
preferably a benzene ring or a cyclohexane ring,

[0077] Y is preferably a 01-18 alkyl group, a C,_ 4
alkenyl group, a C,_,, fluorinated alkyl group, a C, | alkoxy
group, or a C,_,, fluorinated alkoxy group. More preferred
isaC,_;,alkyl group, aC,_,, alkenyl group or a C, |, alkoxy
group. Particularly preferred is a C, g alkyl group, a C, |,
alkenyl group or a C, , alkoxy group. n is, from the view-
point of availability of raw material or easy synthesis,
preferably from 0 to 3, more preferably from 0 to 2.
[0078] Preferred combinations of Y*, Y2, Y3, Y*, Y°, Y®
and n may be the same combinations as (2-1) to (2-629)
disclosed in Tables 6 to 47 on pages 13 to 34 in WO
(international publication) 2011/132751. In each Table in the
international publication, Y* to Y® in the present invention
are shown as Y1 to Y6, and therefore, Y1 to Y6 shall be read
as Y' to Y°. Further, in (2-605) to (2-629) listed in each
Table in the international publication, the C,,s; organic
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group having a steroid skeleton in the present invention, is
shown as a C,, ,5 organic group having a steroid skeleton,
and therefore, the C,, 55 organic group having a steroid
skeleton shall be read as a C,, 5, organic group having a
steroid skeleton.

[0079] Among them, preferred is a combination of (2-25)
to (2-96), (2-145) to (2-168), (2-217) to (2-240), (2-268) to
(2-315), (2-364) to (2-387), (2-436) to (2-483), (2-603) to
(2-615) or (2-624). A particularly preferred combination is
(2-49) to (2-96), (2-145) to (2-168), (2-217) to (2-240),
(2-603) to (2-606), (2-607) to (2-609), (2-611), (2-612) or
(2-624).

—Y7-y® [2-2]

[0080] In the formula [2-2], Y’ and Y® are as defined
above, but inter alia, respectively, the following ones are
preferred.

[0081] Y7 is preferably a single bond, —O—, —CH,O—,
—CONH—, —CON(CH;)— or —COO—. More preferred
is a single bond, —O—, —CONH— or —COO—. Y* is
preferably a Cq_ ¢ alkyl group.

[0082] The specific side chain structure (1) in the present
invention is preferably of the formula [2-1], from such a
viewpoint that it is possible to obtain a high and stable
vertical alignment of the liquid crystal as described above.

<Specific Polymer>

[0083] The specific polymer having a specific side chain
structure (1) is not particularly limited, but at least one
polymer selected from the group consisting of an acrylic
polymer, a methacrylic polymer, a novolak resin, a polyhy-
droxystyrene, a polyimide precursor, a polyimide, a poly-
amide, a polyester, a cellulose and a polysiloxane, is pre-
ferred. More preferred is a polyimide precursor, a polyimide
or a polysiloxane. Particularly preferred is a polyimide
precursor or a polyimide.

[0084] In the case of using, as the specific polymer, a
polyimide precursor or a polyimide (collectively referred to
as a polyimide-type polymer), it is preferably a polyimide
precursor or polyimide obtained by reacting a diamine
component and tetracarboxylic acid component.

[0085] The polyimide precursor has a structure repre-
sented by the following formula [A].

[A]
0 0 At
|0
Al—0—C C—N—R?
N\ 7
Rl
/\ ,
N—C C—O0—A
|
A 0 O

(R is a tetravalent organic group, R? is a divalent organic
group, A' and A? are each independently a hydrogen atom or
a C,q alkyl group, A® and A* are each independently a
hydrogen atom, a C,_s alkyl group or an acetyl group, and n
is a positive integer.)

[0086] The above diamine component is a diamine having
two primary or secondary amino groups in the molecule, and
the above tetracarboxylic acid component may, for example,
be a tetracarboxylic acid, a tetracarboxylic dianhydride, a
tetracarboxylic acid dihalide, a tetracarboxylic acid dialkyl
ester or a tetracarboxylic acid dialkyl ester dihalide.
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[0087] The polyimide type polymer is preferably a
polyamic acid consisting of repeating units represented by
the following structural formula [D] or a polyimide obtained
by imidizing such a polyamic acid, for such a reason that it
is relatively easily obtainable by using, as raw materials, a
tetracarboxylic acid dianhydride represented by the follow-
ing formula [B] and a diamine represented by the following
formula [C].

XA
7

IL,N—R2— NI,

(R' and R? have the same meanings as those defined in the
formula [A].)

[D
e}
T
HO— C /C—N—R
ﬁ C—OH
(¢} O
n

(R' and R? have the same meanings as those defined in the
formula [A].)

[0088] Further, by a usual synthetic method, it is also
possible to introduce the C,_ alkyl group of A* and A% of the
formula [A], and the C, _; alkyl group or the acetyl group of
A? and A* of the formula [A] to the polymer of the formula
[D] obtained as described above.

[0089] As a method for introducing the specific side chain
structure (1) to the polyimide-type polymer, it is preferred to
use a diamine having the specific side chain structure, as a
part of the raw material.

[0090] Specifically, as the diamine having a specific side
chain structure (1), it is preferred to use a diamine repre-
sented by the following formula [2a] (also referred to as a
specific side chain type diamine (1)).

]

2a]
NH,
/§
I =N
HZN_l - _('Y)m
Z
[0091] Inthe formula [2a], Y is the above formula [2-1] or

formula [2-2]. Here, definitions and preferred combinations
of Y', Y2 Y3, Y* Y°, Y© and n in the formula [2-1] are as
described above, and definitions and preferred combinations
of Y7 and Y® in the formula [2-2] are as described above. m
is an integer of form 1 to 4. It is particularly preferably an
integer of 1.

[0092] The specific side chain type diamine (1) having a
specific side chain structure (1) represented by the formula



US 2017/0343840 A1l
14

[2-1] may, specifically, be diamine compounds of the for-
mula [2-1] to formula [2-6] and the formula [2-9] to formula
[2-31], as described on pages 15 to 19 in international
publication W0O2013/125595. Here, in the description of the
publication, R, in the formula [2-1] to formula [2-3] and R,
in the formula [2-4] to formula [2-6] represent at least one
selected from the group consisting of a C, ;5 alkyl group, a
C,.,5 fluorinated alkyl group, a C,_,5 alkoxy group and a
C,_,s fluorinated alkoxy group. Further, A* in the formula
[2-13] is a C;_;4 straight or branched alkyl group. In addi-
tion, R in the formula [2-4] to formula [2-6] is at least one
selected from the group consisting of —O—, —CH,O0—,
—COO— and —OCO—. Among them, a preferred diamine
is a diamine compound of the formula [2-1] to formula [2-6],
the formula [2-9] to formula [2-13] or the formula [2-22] to
formula [2-31], as described in the publication.

[0093] In the present invention, diamines represented by
the following formula [2a-32] to formula [2a-36] are most
preferred from the viewpoint of the vertical alignment
properties of the liquid crystal and the optical properties of
of the liquid crystal display device, when used for a liquid
crystal alignment film.

[2a-32]
N NH,
Rl
RZ
[2a-33]
N NH,
R!
RZ
[2a-34]
N NH,
Rl
R2

(R' is —CH,O—, and R? is a C5_,, alkyl group.)
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[26-35]
NH,
H,N
H
[2a-36]
NH,
H,N

(R?is a C,_,, alkyl group, and with respect to the cis-trans
isomerism, 1,4-cyclohexylene is a trans isomer.)

[0094] The specific side chain type diamine (1) having a
specific side chain structure (1) represented by the above
formula [2-2] may, specifically, be diamine compounds of
formula [DA1] to formula [DA11] as described on page 23
in International Publication WO2013/125595. In the
description of the publication, A, in the formula [DA1] to
formula [DAS] is a Cq_,, alkyl group or a Cg_, 4 fluorinated
alkyl group.

[0095] The proportion of the specific side chain type
diamine (1) to be used, is preferably from 10 to 80 mol %,
more preferably from 20 to 70 mol %, to the total diamine
component, from the viewpoint of the vertical alignment
properties of the liquid crystal when it is used for a liquid
crystal alignment film, and from the viewpoint of adhesion
between the liquid crystal layer and the liquid crystal
alignment film in the liquid crystal display device.

[0096] Further, as the specific side chain type diamine (1),
one type alone, or two or more types as mixed, may be used
depending upon the solubility of the polyimide-type poly-
mer in the solvent, and the vertical alignment property of the
liquid crystal when it is used for a liquid crystal alignment
film, and further depending upon the properties such as
optical properties of the liquid crystal display device.
[0097] In the present invention, in a case where a poly-
imide type polymer is to be used as the specific polymer, it
is preferred to use a diamine component which contains a
diamine having a specific side chain structure (2) repre-
sented by the following formula [3] together with a diamine
having a specific side chain structure (1).

—WLWLWA W 3]

[0098] In the formula [3], W', W?, W? and W* are as
defined above, and inter alia, respectively, the following
ones are preferred.

[0099] W' is, from the viewpoint of availability of raw
material and easy synthesis, preferably a single bond,
—0—, —CH,0—, —CONH—, —CON(CH,)— or
—COO—. More preferred is —O—, —CH,0— or
—COO—. W* is preferably a single bond, a C,_ 4 alkylene
group, or a C4_, organic group having a benzene ring or a
cyclohexane ring. More preferred is a C,_,, alkylene group
from the viewpoint of optical properties of the liquid crystal
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display device. W? is, from the viewpoint of availability of
raw material and easy synthesis, preferably a single bond,
—0—, —CH,0—, —CO0— or—0CO—. W*is, from the
viewpoint of optical properties of the liquid crystal display
device, preferably the following formula [3-a], formula
[3-b], formula [3-c] or formula [3-e].

[3-a]
1
/ \ﬁ/ \CHQ
0
[3-b]
I
0 C
yd \ﬁ/ \CHZ
0
[3-c]
g
N,
[3-d]
0,
WA
—N
0
[3-e]
0
0
¢ CH,
H
(3-1]
e E
\“TC
I
c
/ \C
i

[0100] Preferred combinations of W' to W* in the formula
[3] are shown in the following Table 10 and Table 11.
TABLE 10
w! w2 w3 w4

3-la —O0— C,_y0 alkylene group Single bond Formula [3-a]
3-2a —CH,0—  C,_j, alkylene group Single bond Formula [3-a]
333 —COO—  C,_j alkylene group Single bond Formula [3-a]
3-4a —O— C,_o alkylene group Single bond Formula [3-b]
3-5a —CH,0—  C,_j alkylene group Single bond Formula [3-b]
3-6a —COO—  C,_j, alkylene group Single bond Formula [3-b]
3-7a —0— C,_y0 alkylene group —O— Formula [3-c]
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TABLE 10-continued

wi w2 w3 w*
3-8 —CH,0— C, , alkylene group —O— Formula [3-c]
392 —COO—  C, , alkylene group —O— Formula [3-c]
3-10a —O— C,_,o alkylene group —CH,O0—  Formula [3-c]
3-11a —CH,0—  C,_j, alkylene group —CH,0—  Formula [3-c]
3-12a —COO—  C,_j, alkylene group —CH,O0—  Formula [3-c]
3-132 —O0— C,_ 10 alkylene group —COO—  Formula [3-¢]
3-14a —CH,0— G, ), alkylene group —COO—  Formula [3-c]
3-15a —COO—  C,_j, alkylene group —COO—  Formula [3-c]
TABLE 11
w! w2 w? w*
3-16a —0O— Cy_1p alkylene group —OCO—  Formula [3-¢]
3-17a —CH,0— G, 4 alkylene group —OCO—  Formula [3-¢]
3-18a —COO— G, alkylene group —OCO—  Formula [3-¢]
3-19%2 —0— Cy_1p alkylene group Single bond Formula [3-¢]
3-20a —CH,0— G, 4 alkylene group Single bond Formula [3-¢]
3-2la —COO— G, ), alkylene group Single bond Formula [3-¢]
3222 —0— Cy_1p alkylene group —CH,O—  Formula [3-¢]
3-23% —CH,0— G, 4 alkylene group —CH,O—  Formula [3-¢]
3-24a —COO— G, ), alkylene group —CH,0—  Formula [3-¢]
3-25%2 —0— C,_ o alkylene group —COO—  Formula [3-¢]
3-26a —CH,0— G, 4 alkylene group —COO—  Formula [3-¢]
3-27a —COO— G, ), alkylene group —COO—  Formula [3-¢]
3-282 —O0— C,_p alkylene group —OCO—  Formula [3-¢]
3-29a —CH,0— G, alkylene group —OCO—  Formula [3-¢]
3-30a —COO— G, ), alkylene group —OCO—  Formula [3-¢]
[0101] Among them, from the viewpoint of optical prop-

erties of the liquid crystal display device, preferred is a
combination of (3-1a) to (3-9a), (3-13a) to (3-24a) or (3-28a)
to (3-30a). More preferred is a combination of (3-1a) to
(3-9a) or (3-16a) to (3-24a). Particularly preferred is a
combination of (3-1a) to (3-9a) or (3-16a) to (3-18a).
[0102] As the diamine having a specific side chain struc-
ture (2), it is preferred to use a diamine represented by the
following formula [3a] (referred to also as a specific side
chain type diamine (2)).

[34]
NH,
(%/\
HN— —£W),
[0103] Inthe formula [3a], W is a structure represented by

the formula [3]. Definitions and preferred combinations of
W' W2 W? and W* in the formula [3] are as described
above. m is an integer of from 1 to 4. It is particularly
preferably an integer of 1.

[0104] As the specific side chain type diamine (2), spe-
cifically, for example, the following formula [3a-1] to for-
mula [3a-27] may be mentioned, and it is preferred to use
them.
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-continued -continued

o H NH,

/j —QH)— /§/ i
_ 2 I N A H
Il ool Todto T
2 H
0

[3a-3]

0
o (N () ]
/\/j H I, I HN—F ——0—C 7—C—0 C=CH,
HzN— - —O—QC );IO—C—%=CH2 \/
v [3a-14]

[3a-4] NH, .
/\ / (%/\W H 1) |l
BN W Hz ‘Cb)‘ c c - HZNUC —0=C 7=C—0 c=cr,
23T —(=Ch,
P
v [32-15]
[32-3]

A ) H i / e I
O ” _é Z%O_E—%zcﬁz HZN—/\lC— —L )’;ﬂ OO%=CH2

[3a-6] (d2 is an integer of from 2 to 10.)
/ . [32-16]
HN—- /\lc— —( 2)— —C—C—CHz /\/W 0
= Al
(dl is an integer of from 2 to 10.) CH,
o] [3-17]
/j H H N_/\/j e ‘QHZ)_HZ
HZN— —Q )— C=CH, 2 v
CH,
Bas] [3a-18]
NH, o
X ]
/\/ﬁ Hz _LHz)_ H N—I—/\/\W—C—O—ngz)—éI2
2
HzN— C —CH2 K/ ” d3
0 CH,
B8.9] [32-19]
NH, o
O
/\ / w H ||/§/\W _LHZ)_ H,
HzN_ —C—O—LC )EO C=CH, HZNUO C7—-0—C
A cH,
Be 0] [3a-20]
=y f A N
HaN— j —LHZ)—O O =Cr, HZN_
[3e-11] [3a-21]
NH, o

/ H H O \/\ Hy Hy 0
HzN—(\J—CZ— —L 2)—0 OC—CHZ HzN—:i\/llj)—o‘Qc )EO—C 4<ICH
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-continued
[3a-22]
/ . O O
NI HENe ¢
CH,
[3a-23]
O
Ne s N &
\/ CH,
[3a-24]
NH
X / 2 0 0 0
N ),
N ¢—0-C 7-0—C—C
LA .
2
[3a-25]
(6]
A ﬁz " &
HzN— C—0—C
v CH,
[3a-26]
O
=y () I w {OI
HZN—\/’ C 0—cC
CH,
[3a-27]

0 (0]
HZN_K/w_C N _<j\
\/ 0 CH,

2

(d3 is an integer of from 2 to 10.)

[0105] The proportion of the specific side chain type
diamine (2) to be used, is preferably from 5 to 60 mol %,
more preferably from 10 to 50 mol %, to the total diamine
component, from the viewpoint of adhesion between the
liquid crystal layer and the liquid crystal alignment film in
the liquid crystal display device.

[0106] Further, as the specific side chain type diamine (2),
one type alone, or two or more types as mixed, may be used
depending upon the solubility of the polyimide-type poly-
mer in the solvent, and the vertical alignment property of the
liquid crystal when it is used for a liquid crystal alignment
film, and further, depending on the properties such as optical
properties of the liquid crystal display device.

[0107] In a case where a polyimide type polymer is to be
used as the specific polymer, as its diamine component, it is
preferred to use a diamine represented by the following
formula [4a] (also referred to as a third diamine) together
with the specific side chain type diamine (1) and the specific
side chain type diamine (2).
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fa)
NH,
YA
HN—E =T,
F

[0108] Tis at least one substituent selected from the group
consisting of the following formula [4-1] to formula [4-4].
r is an integer of from 1 to 4. It is particularly preferably an
integer of 1.

41
—(CH,),—OH s
4.
——(CH,),— COOH 2
o [4-3]
—N

TZ

o [4-4]

[0109] In the formula [4-1], a is an integer of from 0 to 4.
Among them, from the viewpoint of availability of raw
material or easy synthesis, an integer of 0 or 1 is preferred.
In the formula [4-2], b is an integer of from 0 to 4. Among
them, from the viewpoint of availability of raw material or
easy synthesis, an integer of 0 or 1 is preferred. In the
formula [4-3], T* and T are each independently a C,_,
hydrocarbon group. In the formula [4-4], T° is a C,_5 alkyl
group.

[0110] Specific examples of the third diamine will be
given below, but are not limited thereto. For example,
2,4-dimethyl-m-phenylenediamine,  2,6-diaminotoluene,
2,4-diaminophenol, 3,5-diaminophenol, 3,5-diaminobenzyl
alcohol, 2,4-diaminobenzyl alcohol, 4,6-diaminoresorcinol,
2,4-diaminobenzoi¢ acid, 2,5-diaminobenzoic acid or 3,5-
diaminobenzoic acid, and further, diamines of structures
represented by the following formula [4a-1] to [4a-6] may
be mentioned.

[4a-1]
I
N
| \/ \/\C H
H,N 7 NH,
[4a-2]
CH;
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-continued
[4a-3]
CH;

N NH,

w CH;
S N\/K
CH.

2

[da-4]

LN NH,
[4a-5]

CH;

\/NVWCHz
| / CH3 CH3

LN NH,
[4a-6]

N NH,

[0111] Among them, preferred is 2,4-diaminophenol, 3,5-
diaminophenol, 3,5-diaminobenzyl alcohol, 2,4-diamin-
obenzyl alcohol, 4,6-diaminoresorcinol, 2,4-diaminoben-
zoic acid, 2,5-diaminobenzoic acid, 3,5-diaminobenzoic
acid, or a diamine represented by the formula [4a-1], for-
mula [4a-2] or formula [4a-3]. Particularly preferred from
the viewpoint of the solubility of the polyimide-type poly-
mer in the solvent or the optical properties of the liquid
crystal display device, is 2,4-diaminophenol, 3,5-diamino-
phenol, 3,5-diaminobenzyl alcohol, 3,5-diaminobenzoic
acid, or a diamine represented by the formula [4a-1] or
formula [4a-2].

[0112] The proportion of the third diamine to be used is
preferably from 1 to 50 mol %, more preferably from 1 to
40 mol %, particularly preferably from 5 to 40 mol %, to the
total diamine component, from the viewpoint of adhesion
between the liquid crystal layer and the liquid crystal
alignment film in the liquid crystal display device.

[0113] As the third diamine, one type alone, or two or
more types as mixed, may be used depending upon the
solubility of the polyimide-type polymer in the solvent, the
vertical alignment properties of the liquid crystal when it is
used for a liquid crystal alignment film, and further, depend-
ing on the properties such as optical properties of the liquid
crystal display device.

[0114] As a diamine component for producing the poly-
imide type polymer, it is also possible to use a diamine (also
referred to as other diamine) other than the specific side
chain type diamine (1), the specific side chain type diamine
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(2) and the third diamine, so long as it does not impair the
effects of the present invention.

[0115] Specifically, other diamines as described on pages
19 to 23 in International Publication W02013/125595,
diamines of the formula [DA12], formula [DAL15] to for-
mula [DA20] and formula [DA22] to formula [DA25] as
described on pages 24 to 25 in the same publication and
diamines of the formula [DA27] and formula [DA28] as
described on pates 25 to 26 in the same publication, may be
mentioned.

[0116] As other diamines, one type alone, or two or more
types as mixed, may be used depending upon the solubility
of the polyimide type polymer in the solvent, the vertical
alignment properties of the liquid crystal when formed into
a liquid crystal alignment film, and further depending upon
the properties such as optical properties of the liquid crystal
display device.

[0117] As the tetracarboxylic acid component for produc-
ing the polyimide type polymer, preferred is a tetracarbox-
ylic acid dianhydride represented by the following formula
[5], or its tetracarboxylic acid derivative such as a tetracar-
boxylic acid, a tetracarboxylic acid dihalide, a tetracarbox-
ylic acid dialkyl ester or a tetracarboxylic acid dialkyl ester
dihalide (all collectively referred to as a specific tetracar-
boxylic acid component).

NA
7

[0118] Z is at least one structure selected from the group
consisting of the following formula [Sa] to formula [5k].

[5a]
VAR A
7> 7
[5b]
[5¢c]
[5d]
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K:E/ [Se]
[51]
[5g]

g

Z6

lCE [Si]

\j\O\‘? |

j/\( [3%]

[0119] Z in the formula [5] is, from easy synthesis and the
polymerization reaction efficiency at the time of producing
the polymer, preferably the above formula [5a], formula
[5¢], formula [5d], formula [Se], formula [5f], formula [Sg]
or formula [5k]. More preferred from the viewpoint of
optical properties of the liquid crystal display device, is the
formula [5a], formula [Se], formula [5f], formula [5g] or
formula [5k].

[0120] The proportion of the specific tetracarboxylic acid
component to be used is preferably at least 1 mol % to the
total tetracarboxylic acid component. More preferred is at
least 5 mol %, and further preferred is at least 10 mol %.

19
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Among them, from the viewpoint of optical properties of the
liquid crystal display device, particularly preferred is from
10 to 90 mol %.

[0121] Further, in the case of using a specific tetracarbox-
ylic acid component of the above formula [Se], formula [51],
formula [5g] or formula [5k], by adjusting its proportion to
be at least 20 mol % in the entire tetracarboxylic acid
component, the desired effect is obtainable. More preferred
is at least 30 mol %. Moreover, the entire tetracarboxylic
acid component may be a tetracarboxylic acid component of
the formula [5Se], formula [5f], formula [5g] or formula [5k].

[0122] For the polyimide-type polymer, it is possible to
use other tetracarboxylic acid component other than the
specific tetracarboxylic acid component, so long as it does
not impair the effects of the present invention. As such other
tetracarboxylic acid component, the following tetracarbox-
ylic acid, tetracarboxylic dianhydride, dicarboxylic acid
dihalide, dicarboxylic acid dialkyl ester or dialkyl ester
dihalide may be mentioned. Specifically, other tetracarbox-
ylic acid dianhydrides as described on pages 27 to 28 in
International Publication W02013/125595 may be men-
tioned.

[0123] Further, the specific tetracarboxylic acid compo-
nent and other tetracarboxylic acid component, may be used
either singly or in combination depending upon the solubil-
ity of the polyimide type polymer in the solvent, the vertical
alignment properties of the liquid crystal when formed into
a liquid crystal alignment film, and further depending upon
the properties such as optical properties of the liquid crystal
display device.

[0124] The method for synthesizing a polyimide-type
polymer is not particularly limited. Usually, it is obtained by
reacting a diamine component and a tetracarboxylic acid
component. Specifically, a method which is described on
pages 29 to 33 in International Publication W02013/125595
may be mentioned.

[0125] The reaction of the diamine component and the
tetracarboxylic acid component is usually conducted in a
solvent containing the diamine component and the tetracar-
boxylic acid component. The solvent to be used at that time
is not particularly limited so long as the resulting polyimide
precursor will be dissolved therein. For example, N-methyl-
2-pyrrolidone, N-ethyl-2-pyrrolidone or y-butyrolactone,
N,N-dimethylformamide, N,N-dimethylacetamide, dimeth-
ylsulfoxide, 1,3-dimethyl-imidazolidinone, etc. may be
mentioned. Further, in a case where the solvent solubility of
the polyimide precursor is high, it is possible to use methyl
ethyl ketone, cyclohexanone, cyclopentanone, 4-hydroxy-4-
methyl-2-pentanone or a solvent represented the following
formula [D-1] to formula [D-3]. They may be used alone or
as mixed.

o [D1]
CH o)
ch/ ~c”
H
- [D2]
2
c o)
1 N N
=63
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-continued
(D3]
H, H, ;
C (0] C D
HO/ \C/ \C/ \O/
H H

(D', D? and D? are each independently a C,_, alkyl group.)
[0126] The polyimide is a polyimide obtained by ring
closure of a polyimide precursor, and in this polyimide, the
ring-closure rate of the amic acid groups (also called the
imidization rate) is not necessarily 100%, and may be
optionally adjusted depending on the application or the
purpose. In particular, from the viewpoint of solubility of the
polyimide-type polymer in a solvent, it is preferably from 30
to 80%, more preferably, from 40 to 70%.

[0127] The molecular weight of the polyimide-type poly-
mer is, from the viewpoint of the strength of the liquid
crystal alignment film obtained therefrom, the working
efficiency and film coating properties during film formation,
preferably from 5,000 to 1,000,000, more preferably from
10,000 to 150,000, by Mw as measured by a GPC (Gel
Permeation Chromatography) method.

[0128] In acase where a polysiloxane is to be used as the
specific polymer, it is preferably a polysiloxane obtained by
polycondensing an alkoxysilane represented by the follow-
ing formula [Al]. or a polysiloxane obtained by polycon-
densing the alkoxysilane represented by the formula [Al]
and an alkoxysilane represented by the following formula
[A2] and/or formula [A3], (collectively referred to as a
polysiloxane-type polymer).

[0129] Alkoxysilane represented by the formula [Al]:

{A1),,S1(A%),(0A%), [Al]

[0130] In the formula [A1], A' is a structure represented
by the formula [2-1] or formula [2-2]. Further, definitions
and preferred combinations of Y*, Y2, Y3, Y* Y®, YSand n
in the formula [2-1] are as defined above, and definitions and
preferred combinations of Y7 and Y* in the formula [2-2] are
as described above.

[0131] In the present invention, A" is preferably a specific
side chain structure represented by the formula [2-1] from
the viewpoint of the vertical alignment of the liquid crystal
when formed into a liquid crystal alignment film, and from
the viewpoint of the optical properties of the liquid crystal
display device.

[0132] In the formula [Al], A% A’ m, n and p are as
defined above, but inter alia, respectively, the following ones
are preferred. A is preferably a hydrogen atom or a C, 5
alkyl group. A® is, from the viewpoint of reactivity for
polycondensation, preferably a C, 5 alkyl group. m is, from
the viewpoint of synthesis, preferably an integer of 1. n is an
integer of from 0 to 2. p is, from the viewpoint of reactivity
for polycondensation, preferably an integer of from 1 to 3,
more preferably an integer of 2 or 3. m+n+p is an integer of

[0133] Specific examples of the alkoxysilane having a
specific side chain structure represented by the formula
[2-1], may be alkoxysilanes of the formula [A1-1] to for-
mula [A1-22] and the formula [A1-25] to formula [A1-32]
as described on pages 41 to 44 in International Publication
WO02014/061779. Here, in the description of the publica-
tion, R? in the formula [A1-19] to formula [A1-22] and the
formula [A1-25] to formula [A1-31] is at least one member
selected from the group consisting of —O—, —CH,0—,
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—COO0— and —OCO—. Among them, a preferred alkox-
ysilane is, from the viewpoint of the vertical alignment of
the liquid crystal when made into a liquid crystal alignment
film, or optical properties of the liquid crystal display
device, the formula [A1-9] to fornmla [A1-21], the formula
[A1-25] to formula [A1-28] or the formula [A1-32] as
described in the publication.

[0134] As the alkoxysilane represented by the formula
[A1], one type alone, or two or more types as mixed, may
be used, depending upon the solubility of the polysiloxane-
type polymer in the solvent, the vertical alignment proper-
ties of the liquid crystal when formed into a liquid crystal
alignment film and further, depending on the properties such
as optical properties of the liquid crystal display device.

[0135]

(BY),8i(B%),(0B), [A2]

Alkoxysilane represented by the formula [A2]:

[0136] In the fornmula [A2], BY, B% B?, m, n and p are as
defined above, but inter alia, respectively, the following ones
are preferred.

[0137] B' is, from the viewpoint of easy availability,
preferably an organic group having a vinyl group, an epoxy
group, an amino group, a methacryl group, an acryl group or
an ureido group. More preferred is an organic group having
a methacryl group, an acryl group or an ureido group. B> is
preferably a hydrogen atom or a C, 5 alkyl group. B? is, from
the viewpoint of reactivity for polycondensation, preferably
a C,  alkyl group. m is, from the viewpoint of synthesis,
preferably an integer of 1. n is an integer of from 0 to 2. p
is, from the viewpoint of reactivity for polycondensation,
preferably an integer of from 1 to 3, more preferably an
integer of 2 or 3. m+n+p is 4.

[0138] Specific examples of the alkoxysilane represented
by the formula [A2] may be those represented by the
formula [A2] as described on pages 45 to 46 in International
Publication W02014/061779.

[0139] Among them, preferred is allyltriethoxysilane,
allyltrimethoxysilane, diethoxymethylvinylsilane, dime-
thoxymethylvinylsilane,  triethoxyvinylsilane,  vinylt-
rimethoxysilane, vinyltris(2-methoxyethoxy)silane, 3-(tri-
ethoxysilyl)propyl methacrylate, 3-(trimethoxysilyl)propyl
acrylate, 3-(trimethoxysilyl)propyl methacrylate, 3-glycidy-
loxypropyl(dimethoxy)methylsilane, 3-glycidyloxypropyl
(diethoxy)methylsilane, 3-glycidyloxypropyltrimethoxysi-
lane or 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane.

[0140] Particularly preferred from the viewpoint of adhe-
sion between the liquid crystal layer and the liquid crystal
alignment film of the liquid crystal display device, is 3-(tri-
ethoxysilyl)propyl methacrylate, 3-(trimethoxysilyl)propyl
acrylate, 3-(trimethoxysilyl)propyl methacrylate, 3-glycidy-
loxypropyl(dimethoxy)methylsilane, 3-glycidyloxypropyl
(diethoxy)methylsilane, 3-glycidyloxypropyltrimethoxysi-
lane or 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane.

[0141] As the alkoxysilane of the formula [A2], one type
alone, or two or more types as mixed, may be used depend-
ing upon the solubility of the polysiloxane-type polymer in
a solvent, and the vertical alignment properties of the liquid
crystal when formed into a liquid crystal alignment film, and
further, depending on the properties such as optical proper-
ties of the liquid crystal display device.
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[0142] Alkoxysilane represented by the formula [A3]:
(DY), 8i(0D?),, [A3]
[0143] In the formula [A3], D', D* and n are as defined

above, but inter alia, respectively, the following ones are
preferred.

[0144] D' is preferably a hydrogen atom or a C,_, alkyl
group. D? is, from the viewpoint of reactivity for polycon-
densation, preferably a C, _, alkyl group. n is an integer of
from 0 to 3.

[0145] Specific examples of the alkoxysilane of the for-
mula [A3] may be alkoxysilanes represented by the formula
[A3] as described on page 47 in International Publication
WO02014/061779.

[0146] In the formula [A3], as the alkoxysilane wherein n
is 0, tetramethoxysilane, tetraethoxysilane, tetrapropoxysi-
lane or tetrabutoxysilane, may be mentioned, and it is
preferred to use such an alkoxysilane.

[0147] As the alkoxysilane of the formula [A3], one type
alone, or two or more types as mixed, may be used,
depending upon the solubility of the polysiloxane-type poly-
mer in a solvent, and the vertical alignment properties of the
liquid crystal when formed into a liquid crystal alignment
film, and further, depending on the properties such as optical
properties of the liquid crystal display device.

[0148] The polysiloxane-type polymer is a polysiloxane
obtained by polycondensation of an alkoxysilane repre-
sented by the above formula [Al], or a polysiloxane
obtained by polycondensation of an alkoxysilane repre-
sented by the above formula [Al] and an alkoxysilane
represented by the formula [A2] and/or formula [A3]. That
is, the polysiloxane-type polymer is any one of a polysilox-
ane obtained by polycondensation of only the alkoxysilane
represented by the formula [Al], a polysiloxane obtained by
polycondensation of two types of the alkoxysilanes repre-
sented by the formula [A1] and formula [A2], a polysiloxane
obtained by polycondensation of two types of the alkoxysi-
lanes represented by the formula[A1] and formula [A3], and
a polysiloxane obtained by polycondensation of three types
of the alkoxysilanes represented by the formula [A1], for-
mula [A2] and formula [A3].

[0149] Among them, from the viewpoint of the reactivity
for polycondensation or the solubility of the polysiloxane-
type polymer in a solvent, preferred is a polysiloxane
obtained by polycondensation of plural types of alkoxysi-
lanes. That is, it is preferred to use any one of a polysiloxane
obtained by polycondensation of two types of alkoxysilanes
represented by the formula [A1] and formula [A2], a poly-
siloxane obtained by polycondensation of two types of
alkoxysilanes represented by the formula [A1] and formula
[A3], and a polysiloxane obtained by polycondensation of
three types of alkoxysilanes represented by the formula
[A1], formula [A2] and formula [A3].

[0150] Inthe case of using plural types of alkoxysilanes at
the time of producing a polysiloxane-type polymer, the
proportion of the alkoxysilane represented by the formula
[A1] is preferably from 1 to 40 mol %, more preferably from
1 to 30 mol %, in all alkoxysilanes. Further, the proportion
of the alkoxysilane represented by the formula [A2] is
preferably from 1 to 70 mol %, more preferably from 1 to
60 mol %, in all alkoxysilanes. Furthermore, the proportion
of the alkoxysilane represented by the formula [A3] is
preferably from 1 to 99 mol %, more preferably from 1 to
80 mol %, in all alkoxysilanes.
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[0151] The method for the polycondensation reaction to
produce a polysiloxane-type polymer is not particularly
limited. Specifically, the method described on pages 49 to 52
in International Publication W02014/061779 may be men-
tioned.

[0152] In the polycondensation reaction to produce a
polysiloxane-type polymer, in the case of using plural types
of alkoxysilanes represented by the formula [A1], formula
[A2] and formula [A3], a mixture obtained by previously
mixing the plural types of alkoxysilanes may be used for the
reaction, or the reaction may be carried out by sequentially
adding the plural types of alkoxysilanes.

[0153] In the present invention, a solution of the polysi-
loxane-type polymer obtained by the above method may be
used as it is, as the specific polymer, or if necessary, the
solution of the polysiloxane-type polymer obtained by the
above method, may be concentrated, or diluted by adding a
solvent, or by substituting the solvent by another solvent, to
be used as the specific polymer.

[0154] The solvent to be used for dilution (referred to also
as diluting solvent) may be the solvent used in the polycon-
densation reaction or other solvent. The diluting solvent is
not particularly limited so long as the polysiloxane type
polymer is homogeneously dissolved, and one type or two or
more types, may be optionally selected for use. As such a
diluting solvent, in addition to the solvent used in the
polycondensation reaction, for example, a ketone solvent
such as acetone, methyl ethyl ketone or methyl isobutyl
ketone, an ester solvent such as methyl acetate, ethyl acetate
or ethyl lactate may be mentioned. Further, in a case where
as the specific polymer, a polysiloxane-type polymer and
other polymer are to be used, it is preferred that an alcohol
generated at the time of the polycondensation of the poly-
siloxane-type polymer, is distilled off under normal pressure
or under reduced pressure, before mixing other polymer to
the polysiloxane-type polymer.

<Treating Agent for Liquid Crystal Alignment>

[0155] The liquid crystal alignment treating agent is a
solution for forming a liquid crystal alignment film, and is
a solution containing the specific polymer having a specific
side chain structure represented by the above formula [2-1]
or formula [2-2].

[0156] The specific polymer having the specific side chain
structure is, as mentioned above, not particularly limited, but
is preferably at least one polymer selected from the group
consisting of an acrylic polymer, a methacrylic polymer, a
novolak resin, a polyhydroxystyrene, a polyimide precursor,
a polyimide, a polyamide, a polyester, a cellulose and a
polysiloxane. More preferred is a polyimide precursor, a
polyimide or a polysiloxane. Further, as the specific poly-
met, one of these polymers, or two or more of them, may be
used.

[0157] All of polymer components in the liquid crystal
alignment treating agent, may all be the specific polymers,
or polymer(s) other than the specific polymers may be
mixed. At that time, the content of other polymer(s) is from
0.5 to 15 parts by mass, preferably from 1 to 10 parts by
mass, to 100 parts by mass of the specific polymer. Such
other polymer(s) may be the above-mentioned polymer that
does not have a specific side chain structure represented by
the above formula [2-1] or formula [2-2].

[0158] The content of the solvent in the liquid crystal
alignment treating agent may be suitably selected depending
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on the coating method of the liquid crystal alignment
treating agent or with a view to obtaining a desired film
thickness. Particularly, from the viewpoint of forming a
uniform liquid crystal alignment film by coating, the content
of the solvent in the liquid crystal alignment treating agent
is preferably from 50 to 99.9 mass %, more preferably from
60 to 99 mass %. Particularly preferred is from 65 to 99 mass
%.

[0159] The solvent to be used in the liquid crystal align-
ment treating agent is not particularly limited so long as it is
a solvent for dissolving the specific polymer. Particularly, in
a case where the specific polymer is a polyimide precursor,
a polyimide, a polyamide or a polyester, or in a case where
the solubility of an acrylic polymer, a methacrylic polymer,
a novolak resin, a polyhydroxystyrene, a cellulose or a
polysiloxane in the solvent is low, it is preferred to use the
following solvent (referred to also as the solvent A).
[0160] For example, N,N-dimethylformamide, N,N-dim-
ethylacetamide, N-methyl-2-pyrrolidone, N-ethyl-2-pyrroli-
done, dimethyl sulfoxide, y-butyrolactone, 1,3-dimethyl-
imidazolidinone, methyl ethyl ketone, cyclohexanone,
cyclopentanone  or  4-hydroxy-4-methyl-2-pentanone.
Among them, it is preferred to use N-methyl-2-pyrrolidone,
N-ethyl-2-pyrrolidone or y-butyrolactone. Further, they may
be used alone, or may be used as mixed.

[0161] In a case where the specific polymer is an acrylic
polymer, a methacrylic polymer, a novolak resin, a polyhy-
droxystyrene, a cellulose or a polysiloxane, or further, in a
case where the specific polymer is a polyimide precursor, a
polyimide, a polyamide or a polyester, and the solubility of
such a specific polymer in a solvent is high, it is possible to
use the following solvent (referred to also as the solvent B).
[0162] Specific examples of the solvent B may be poor
solvents as described on pages 35 to 37 in International
Publication W02013/125595.

[0163] Among them, it is preferred to use 1-hexanol,
cyclohexanol, 1,2-ethanediol, 1,2-propanediol, propylene
glycol monobutyl ether, ethylene glycol monobutyl ether,
dipropylene glycol dimethyl ether, cyclohexanone, cyclo-
pentanone, or a solvent represented by the above formula
[D1] to formula [D3].

[0164] Further, at the time of using such solvent B, in
order to improve the coating properties of the liquid crystal
alignment treating agent, it is preferred to use the solvent A
such as N-methyl-2-pyrrolidone, N-ethyl-2-pyrrolidone or
y-butyrolactone in combination. More preferred is a com-
bined use of y-butyrolactone.

[0165] Such solvent B is capable of improving the coating
property and surface smoothness of the liquid crystal align-
ment film at the time of applying the liquid crystal alignment
treating agent, and therefore, in a case where a polyimide
precursor, a polyimide, a polyamide or a polyester is used as
the specific polymer, it is preferred to use the solvent B in
combination with the solvent A. At that time, the solvent B
is preferably from 1 to 99 mass % in the total solvent
contained in the liquid crystal alignment treating agent.
Further, preferred is from 10 to 99 mass %. More preferred
is from 20 to 95 mass %.

[0166] To the liquid crystal alignment treating agent of the
present invention, it is preferred to incorporate at least one
generating agent (also called a specific generating agent)
selected from the group consisting of a photo-radical gen-
erating agent, a photo-acid generating agent and a photo-
base generating agent.
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[0167] As the specific generating agent, specifically, those
disclosed on pages 54 to 56 in International Publication
2014/171493 may be mentioned. Among them, as the spe-
cific generating agent, it is preferred to use a photo-radical
generating agent from the viewpoint of adhesion between
the liquid crystal layer and the liquid crystal alignment film.

[0168] The proportion of the specific generating agent to
be used (contained) in the liquid crystal alignment treating
agent is preferably from 0.1 to 20 parts by mass, to 100 parts
by mass of all polymer components. From the viewpoint of
the above effects, more preferred is from 0.5 to 15 parts by
mass, and particularly preferred is from 1 to 10 parts by
mass.

[0169] To the liquid crystal alignment treating agent in the
present invention, it is preferred to incorporate a compound
(referred to also as a specific adhesion compound) having at
least one structure selected from the group consisting of the
following formula [b-1] to formula [b-8] in order to enhance
the adhesion between the liquid crystal layer and the liquid
crystal alignment film of the liquid crystal display device.

[b-1]
o e
- T \CH«
(0]
(b-2]
I
/OTC§CH2
(0]
(b-3]
¢
o X,
[b-4]
Bll
O N [0}
(b-5]
i/
T )
O
[b-6]
(0]
(0]
¢ CH,
H,
[b-7]
I X
1
F
(@)
(6]



US 2017/0343840 A1l

-continued
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[0170] In the formula [b-4], B is a hydrogen atom or a
benzene ring. Among them, a hydrogen atom is preferred. In
the formula [b-8], B? is at least one cyclic group selected
from the group consisting of a benzene ring, a cyclohexane
ring and a heterocyclic ring. B is at least one selected from
the group consisting of a C,_ alkyl group, a C,_,, fluori-
nated alkyl group, a C,_,, alkoxy group and a C,_,, fluori-
nated alkoxy group. Among them, a C,_,, alkyl group or a
C,_,, alkoxy group is preferred.

[0171] As the specific adhesion compound, specifically,
compounds represented by the following formula [6] as
disclosed on pages 43 to 46 in International Publication WO
2015/012368 (published on 2015 Jan. 29) may be men-
tioned.

[0172] Among them. as the specific adhesion compound,
preferred is at least one compound selected from the group
consisting of the following formula [7a-1] to formula [7a-5].
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(n2 is an integer of from 1 to 10, and m2 is an integer of from
1to 10.)

[0173] Further, as the specific adhesion compound, those
disclosed on pages 61 to 63 in International Publication
WO02014/171493 may also be used.

[0174] The proportion of the specific adhesion compound
to be used (contained) in the liquid crystal alignment treating
agent is preferably from 0.1 to 150 parts by mass to 100 parts
by mass of all polymer components. In order to let the
crosslinking reaction proceed to provide the desired effects,
it is more preferably from 0.1 to 100 parts by mass,
particularly preferably from 1 to 50 parts by mass.

[0175] As the specific adhesion compound, one type may
be used alone, or two or more types may be used as mixed,
depending upon the vertical alignment properties of the
liquid crystal at the time of being formed into a liquid crystal
alignment film, and further depending upon the properties
such as optical properties of the liquid crystal display device.

[0176] The liquid crystal alignment treating agent of the
present invention preferably contains a compound having
epoxy groups, isocyanate groups, oxetane groups, or cyclo-
carbonate groups, or a compound having at least one type of
groups selected from the group consisting of hydroxy
groups, hydroxyalkyl groups and C, ; alkoxyalkyl groups
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(collectively referred to as a specific crosslinkable com-
pound). At that time, such groups should be present at least
two in the compound.

[0177] As examples of the crosslinkable compound hav-
ing epoxy groups or isocyanate groups, specifically, those
described on pages 37 to 38 in International Publication
WO02013/125595 may be mentioned.

[0178] As the crosslinkable compound having oxetane
groups, specifically, those represented by the formula [4a] to
formula [4k] as published on pages 58 to 59 in International
Publication W02011/132751 may be mentioned.

[0179] As the crosslinkable compound having cyclocar-
bonate groups, specifically, crosslinkable compounds repre-
sented by the formula [5-1] to formula [5-42] as published
on pages 76 to 82 in International Publication WO2012/
014898 may be mentioned.

[0180] As the crosslinkable compound having at least one
type of groups selected from the group consisting of
hydroxy groups, hydroxyalkyl groups and lower alkoxyalkyl
groups, specifically, melamine derivatives or benzoguan-
amine derivatives as described on pages 39 to 40 in Inter-
national Publication WO02013/125595 and crosslinkable
compounds represented by the formula [6-1] to formula
[6-48] as published on pages 62 to 66 in International
Publication W02011/132751 may be mentioned.

[0181] The proportion of the specific crosslinkable com-
pound to be used (contained) in the liquid crystal alignment
treating agent is preferably from 0.1 to 100 parts by mass to
100 parts by mass of all polymer components. In order to let
the crosslinking reaction proceed thereby to provide the
desired effects, it is more preferably from 0.1 to 50 parts by
mass, particularly preferably from 1 to 30 parts by mass.
[0182] To the liquid crystal alignment treating agent, in
order to promote charge transfer in the liquid crystal align-
ment film thereby to facilitate electrostatic discharge of the
device, a nitrogen-containing heterocyclic amine compound
represented by the formula [M1] to formula [M156] as
published on pages 69 to 73 in International Publication
WO02011/132751 may be added. The amine compound may
be added directly to the liquid crystal alignment treating
agent, but, it is preferably added after being formed into its
solution with a concentration of from 0.1 to 10 mass %,
preferably from 1 to 7 mass %, by a suitable solvent. This
solvent is not particularly limited so long as it is an organic
solvent capable of dissolving the specific polymer.

[0183] Further, for the liquid crystal alignment treating
agent, it is possible to use a compound to improve unifor-
mity of the film thickness or surface smoothness of the liquid
crystal alignment film when the liquid crystal alignment
treating agent is applied, so long as it does not impair the
effects of the present invention. Furthermore, it is also
possible to use such a compound that improves adhesion
between the liquid crystal alignment film and the substrate.
[0184] As the compound to improve uniformity of the film
thickness or surface smoothness of the liquid crystal align-
ment film, a fluorinated surfactant, a silicone-type surfac-
tant, a nonionic surfactant, etc. may be mentioned. Specifi-
cally, those disclosed on pates 42 to 43 in International
Publication W02013/125595 may be mentioned.

[0185] The amount of the surfactant to be used (contained)
is preferably from 0.01 to 2 parts by mass, more preferably
from 0.01 to 1 part by mass, to 100 parts by mass of all
polymer components contained in the liquid crystal align-
ment treating agent.
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[0186] As specific examples of the compound to improve
adhesion between the liquid crystal alighment film and the
substrate, a functional silane-containing compound and an
epoxy group-containing compound may be mentioned. Spe-
cifically, those described on pages 43 to 44 in International
Publication W0O2013/125595 may be mentioned.

[0187] The proportion of the compound to be used (con-
tained) to improve the adhesion to the substrate is preferably
from 0.1 to 30 parts by mass, more preferably from 1 to 20
parts by mass, to 100 parts by mass of all polymer compo-
nents. If it is less than 0.1 part by mass, the effect of
improving the adhesion cannot be expected, and if it is larger
than 30 parts by mass, the storage stability of the liquid
crystal alignment treating agent may be deteriorated.
[0188] To the liquid crystal alignment treating agent, as a
compound other than those described above, a dielectric or
conductive material for the purpose of altering the electrical
characteristics such as the dielectric constant and conduc-
tivity of the liquid crystal alignment film may be added.

<Methods for Producing Liquid Crystal Alignment Film and
Liquid Crystal Display Device, and Specific Ultraviolet
Irradiation Apparatus>

[0189] The substrate to be used in a liquid crystal display
device of the present invention is not particularly limited so
long as it is a highly transparent substrate, and it is possible
to use, not only a glass substrate, but also a plastic substrate
such as an acrylic substrate, a polycarbonate substrate or a
PET (polyethylene terephthalate) substrate, or further, a film
thereof. In a case where the liquid crystal display device is
to be used as a reverse device for e.g. a dimming window,
the substrate is preferably a plastic substrate or film. Further,
from the viewpoint of simplification of the process, it is
preferred to employ a substrate having ITO (Indium Tin
Oxide) electrodes, IZ0 (Indium Zinc Oxide) electrodes,
1GZO (Indium Gallium Zinc Oxide) electrodes, an organic
conductive film, etc. for liquid crystal driving, formed
thereon. In the case of producing a reflection type reverse
device, it is possible to use, as only one of the pair of
substrates, a substrate having a metal or dielectric multilayer
film such as a silicon wafer or aluminum formed thereon.
[0190] In the liquid crystal display device of the present
invention, at least one of the pair of substrates has a liquid
crystal alignment film to align liquid crystal molecules
vertically. This liquid crystal alignment film can be obtained
by applying a liquid crystal alignment treating agent onto the
substrate and firing it, followed by alignment treatment by
e.g. rubbing treatment or light irradiation. However, in the
case of a liquid crystal alignment film in the present inven-
tion, it can be used as a liquid crystal alignment film without
such alignment treatment.

[0191] The method for applying the liquid crystal align-
ment treating agent is not particularly limited, but from an
industrial viewpoint, may, for example, be screen printing,
offset printing, flexo printing, an ink jet method, a dipping
method, a roll coater method, a slit coating method, a
spinner method, a spray method, etc., and the method may
suitably be selected for use depending on the type of the
substrates, the desired thickness of the liquid crystal align-
ment film, etc.

[0192] After applying the liquid crystal alignment treating
agent on the substrate, the solvent is evaporated by a heating
means such a hot plate, a heat circulating oven or an IR
(infrared) oven, at a temperature of from 30 to 300° C.,
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preferably from 30 to 250° C. depending upon the type of
the substrates or the solvent used in the liquid crystal
alignment treating agent. Particularly, in a case where a
plastic substrate is used as the substrate, it is preferred to
conduct the treatment at a temperature of from 30 to 150° C.
[0193] With respect to the thickness of the liquid crystal
alignment film after firing, if it is too thick, such becomes
disadvantageous from the aspect of power consumption of
the liquid crystal display device, and if it is too thin, the
reliability of the device is likely to be low. Therefore, it is
preferably from 5 to 500 nm, more preferably from 10 to 300
nm, particularly preferably from 10 to 250 nm.

[0194] The liquid crystal composition to be used for the
liquid crystal display device of the present invention is as
described above, but therein, a spacer may be incorporated
for controlling the electrode gap (referred to also as the gap)
of the liquid crystal display device.

[0195] The injection method of the liquid crystal compo-
sition is not particularly limited, and, for example, the
following method may be mentioned. That is, in a case
where a glass substrate is to be used as the substrate, a
method may be mentioned in which a pair of substrates
having a liquid crystal alignment film formed thereon are
prepared, then to the four sides of one substrate, a sealing
agent is applied except for a portion thereof, thereafter, the
other substrate is bonded so that the liquid crystal alignment
film side be inside, to prepare an empty cell, and then, from
the portion where the sealing agent is not applied, the liquid
crystal composition is vacuum-injected to obtain a liquid
crystal composition injected cell. Further, in a case where a
plastic substrate or film is to be used as the substrate, a
method may be mentioned in which a pair of substrates
having a liquid crystal alignment film formed thereon are
prepared, then on one substrate, the liquid crystal composi-
tion is dropped by an ODF (One Drop Filling) method or an
inkjet method, and thereafter, the other substrate is bonded
to obtain a liquid crystal composition injected cell. In the
liquid crystal display device of the present invention, adhe-
sion between the liquid crystal layer and the liquid crystal
alignment film, is high, and therefore, the sealing agent may
not be applied to the four sides of the substrate.

[0196] The gap of the liquid crystal display device can be
controlled by e.g. the above-mentioned spacer. The method
may be a method of incorporating a spacer of a desired size
in the liquid crystal composition, as mentioned above, or a
method of using a substrate having a column spacer of a
desired size. Otherwise, in a case where by using plastic or
film substrates as the substrates, bonding of the substrates is
carried out by lamination, the gap may be controlled without
incorporating a spacer.

[0197] The size of the gap of the liquid crystal display
device is preferably from 1 to 100 um, more preferably from
2 to 50 wm, particularly preferably from 5 to 20 um. If the
gap is too small, the contrast of the liquid crystal display
device decreases, and if'it is too large, the driving voltage of
the device becomes high.

[0198] The liquid crystal display device of the present
invention is obtainable by curing the liquid crystal compo-
sition by irradiation with ultraviolet rays, to form a liquid
crystal layer of a cured product composite of the liquid
crystal and the polymerizable compound. Curing the liquid
crystal composition is conducted by irradiating the liquid
crystal composition with ultraviolet rays. As the ultraviolet
light source, it is preferred to use an ultraviolet light emitting
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diode (also called a specific ultraviolet irradiation appara-
tus), since it is thereby possible to irradiate with ultraviolet
rays of a specific wavelength without a loss of irradiation
light intensity even without using a wavelength selective
filter, and further, it is possible to suppress a heat source
generated from the light source. Further, the light source is
preferably disposed above and below the device, because it
is thereby possible to accelerate curing of the liquid crystal
composition.

[0199] Preferred specific examples of the specific ultra-
violet irradiation apparatus are as shown in FIG. 1 and FIG.
2.

[0200] FIG. 1 shows a block diagram of one specific
ultraviolet irradiation apparatus (the specific ultraviolet irra-
diation apparatus-1). In FIG. 1, “2” denotes a light emitting
section, and “3” denotes a power supply unit. The light
emitting section “2” is provided with a plurality of ultra-
violet light emitting diodes as light sources, and such
ultraviolet light emitting diodes will receive the source
power supplied through a flexible cord “6” from the power
supply unit “3” to emit light so as to be able to irradiate with
ultraviolet rays of the desired intensity. Each of the ultra-
violet light emitting diodes is one to emit ultraviolet rays of
a single wavelength, and one to emit ultraviolet rays of a
wavelength necessary for the preparation of the liquid
crystal display device.

[0201] Further, the light emitting section “2” is attached to
the tip of a manipulator not shown in FIG. 1 and is designed
to be able to freely move to or stop at any position in the
working space according to a predetermined program, or
under the control of the operator. Further, the directivity
angle of the light emitting section “2” or ultraviolet light
emitting diodes can be changed freely, so that it is possible
to emit ultraviolet rays in the desired direction. Accordingly,
this specific ultraviolet irradiation apparatus-1 is useful in a
case where it is necessary to irradiate only a part of the liquid
crystal composition injected cell at a narrow range, or
ultraviolet irradiation is applied to an object to be treated,
having a complicated shape or steric structure.

[0202] Further, the specific ultraviolet irradiation appara-
tus-1 is designed so that the irradiation light intensity,
brightness and temperature of the ultraviolet rays applied to
the object to be treated i.e. to the liquid crystal composition
injected cell, can be always monitored, and at the same time,
so that they fall within the predetermined ranges. Specifi-
cally, the sensor “4” to measure the brightness and the
temperature at the surface of the object to be treated and the
intensity of ultraviolet rays irradiated from the ultraviolet
light emitting diodes, is disposed near the light emitting
section “2”, and the measured values by this sensor “4” are
always input to the control unit “5” via a flexible cord “7”.
The control unit “5” has a built-in arithmetic circuit, and
upon receipt of the measured values from the sensor “4”, it
will calculate, by the arithmetic circuit, the output conditions
(referred to also as values of the supply power) of the
ultraviolet light emitting diodes required to maintain the
irradiation light intensity, brightness and temperature of the
ultraviolet rays applied to the object to be treated, to be
within predetermined ranges and will calculate correction
values of the output conditions by taking the difference from
the current output conditions. The correction values of the
output conditions will be transmitted from the control umt
“5” via a transmission path “8” to the power supply unit “3”.
Then, by receiving the transmitted correction values, the
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power supply unit “3” will change the output conditions.
Thus, it is possible to maintain the irradiation light intensity,
brightness and temperature of the ultraviolet rays to be
within predetermined ranges.

[0203] Here, the control target items can be optionally
selected depending on the type, nature, etc. of the object to
be treated, i.e. of the liquid crystal composition injected cell,
and it is possible to control all of the irradiation light
intensity, brightness and temperature of ultraviolet rays, or it
is possible to control only one or two among them. Also the
upper limit value and lower limit value of each control target
item can be optionally selected depending on the type,
nature, etc. of the object to be treated.

[0204] In addition, at the forward end of each ultraviolet
light emitting diode, a focusing lens may be installed. In
such a case, it is possible to narrow the irradiation light of
ultraviolet rays, and ultraviolet irradiation within a micro
range, for example, at 1 wm or less, becomes possible.
Further, when it is made possible to freely control the
focusing lens, it becomes possible to freely change the
irradiation range of the ultraviolet rays within its perfor-
mance.

[0205] FIG. 2 shows a block diagram of another specific
ultraviolet irradiation apparatus (the specific ultraviolet irra-
diation apparatus-2) different from one as described above.
As shown in FIG. 2, the specific ultraviolet irradiation
apparatus-2 has two light-emitting sections “2a” and “26”
which are arranged in parallel at the upper and lower two
stages with a predetermined distance. In each of the light-
emitting sections “2a” and “2b”, as the light sources, a
number (nxm pieces) of ultraviolet light emitting diodes are
respectively aligned in a lattice (n rowsxm columns) in the
horizontal direction. Here, in the specific ultraviolet irradia-
tion apparatus-2, in each of the light emitting sections “2a”
and “2b”, ultraviolet light emitting diodes are aligned in a
lattice of n rowsxm columns, but the ultraviolet light emit-
ting diodes may be arranged in a zigzag pattern, radially or
in a honeycomb shape. Further, the alignment direction of
the ultraviolet light emitting diodes is not necessarily hori-
zontal, but may be in a planar direction, i.e. it needs only be
aligned along one planar or gently curved plane. Specifi-
cally, for example, it may be a structure aligned in the
vertical direction.

[0206] Inaddition, the ultraviolet light emitting diodes are,
like in the specific ultraviolet irradiation apparatus-1, those
which emit ultraviolet rays of a single wavelength, and those
which emit ultraviolet rays of a wavelength required to
prepare the liquid crystal display device.

[0207] Further, the ultraviolet light-emitting diodes of the
upper light emitting section “2a” are each being arranged to
face downwardly, and designed to be able to emit light by
receiving the power source electric power supplied via a
cable “9¢” from the power supply unit “3”, to radiate
ultraviolet rays with the desired intensity to the downward
direction. On the other hand, ultraviolet light emitting diodes
of the lower light emitting section “25” are each being
arranged to face upward, and designed to be able to emit
light by receiving the power source electric power supplied
via a cable “95” from the power supply unit “3”, and to
radiate ultraviolet rays with the desired intensity to the
upward direction. Thus, the specific ultraviolet irradiation
apparatus-2 is capable of carrying out irradiation with ultra-
violet rays at a plane on the object to be treated i.e. the liquid
crystal composition injected cell and capable of carrying out
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irradiation with ultraviolet rays simultaneously on the upper
and lower surfaces of the object to be treated.

[0208] Further, the specific ultraviolet irradiation appara-
tus-2 is designed so that the irradiation light intensity,
brightness and temperature of ultraviolet rays applied to the
object to be treated i.e. to the liquid crystal composition
injected cell, can be always monitored, and at the same time,
so that they fall within the predetermined ranges. Specifi-
cally, the sensors “da” and “45” to measure the brightness
and the temperature at the surface of the object to be treated
and the intensity of ultraviolet rays irradiated from the
ultraviolet light emitting diodes, are respectively disposed
near the light emitting sections “2a” and “24”, and the
measured values by these sensors “4a” and “4b” are always
input to the control unit “5” via cables “10¢” and “105”. This
control unit “5” has a built-in arithmetic circuit, and upon
receipt of the measured values from the sensors “4a” and
“4b”, it will calculate, by the arithmetic circuit, the output
conditions of the ultraviolet light emitting diodes required to
maintain the irradiation light intensity, brightness and tem-
perature of the ultraviolet rays applied to the object to be
treated, to be within predetermined ranges and will calculate
correction values of the output conditions by taking the
difference from the current output conditions. The correction
values of the output conditions will be transmitted from the
control unit “5” via a transmission path “8” to the power
supply unit “3”. Then, by receiving the transmitted correc-
tion values, the power supply unit “3” will change the output
conditions. Thus, it is possible to maintain the irradiation
light intensity, brightness and temperature of the ultraviolet
rays to be within predetermined ranges.

[0209] Further, in this specific ultraviolet irradiation appa-
ratus-2, the outputs (referred to also as the power supply) of
all ultraviolet light-emitting diodes disposed in the light
emitting sections “2a” and “24”, can be, respectively, indi-
vidually adjusted. Further, since the sensors “4a” and “45”
correspond individually to each one of the ultraviolet light
emitting diodes disposed in the light emitting sections ‘“2a”
and “2b”, it is possible to control the irradiation light
intensity, brightness and temperature of ultraviolet rays of all
ultraviolet light-emitting diodes, respectively, indepen-
dently. Therefore, it is possible to eliminate vatiations in the
irradiation light intensity and brightness of the ultraviolet
rays to be irradiated, and the surface temperature of the
object to be treated, i.e. of the liquid crystal composition
injected cell, and it is possible to carry out irradiation with
ultraviolet rays uniformly over the entire region of the
surface of the object to be treated. Also, by preparing
appropriate control conditions (referred to also as the pro-
file) in advance depending on the type and production
process of the object to be treated, and applying them when
performing irradiation with ultraviolet rays, it is possible to
prepare an optimum environment for irradiation with ultra-
violet rays according to the characteristics, purpose, etc. of
the object to be treated.

[0210] Specific examples of the profile may be (1) the
irradiation light intensity of all of the ultraviolet light
emitting diodes being 100%, (2) the irradiation light inten-
sity of a half of the ultraviolet light emitting diodes being
100%, and the irradiation intensity of the remaining half of
the ultraviolet light emitting diodes being 50%, (3) the
irradiation light intensity of one-third of the total of the
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ultraviolet light-emitting diodes being 50%, and the irradia-
tion light intensity of the rest of the ultraviolet light-emitting
diodes being 25%, etc.

[0211] To prepare the liquid crystal display device of the
present invention, it is preferred to use the specific ultravio-
let irradiation apparatus-1 or -2, since it is thereby possible
to control the wavelength, irradiation light intensity, bright-
ness and temperature of the ultraviolet rays to be irradiated.
It is particularly preferred to use the specific ultraviolet
irradiation apparatus-2.

[0212] The wavelength of ultraviolet rays of the ultraviolet
light emitting diodes at the time of using the specific
ultraviolet irradiation apparatus-1 or -2, is preferably from
200 to 500 nm, more preferably from 250 to 450 nm,
particularly preferably from 300 to 400 nm.

[0213] The irradiation light intensity of the ultraviolet
light emitting diodes is preferably from 0.1 to 150 mW/cm?,
more preferably from 0.1 to 100 mW/cm?, particularly
preferably from 1 to 40 mW/cm®. Most preferably, from the
viewpoint of optical properties of the liquid crystal display
device and adhesion between the liquid crystal layer and the
liquid crystal alignment film, it is from 1 to 20 mW/cm?. The
irradiation time of ultraviolet rays is preferably from 1 to
600 seconds, more preferably from 5 to 300 seconds,
particularly preferably from the viewpoint of optical prop-
erties of the liquid crystal display device and adhesion
between the liquid crystal layer and the liquid crystal
alignment film, from 5 to 120 seconds.

[0214] Further, the surface temperature of the object to be
treated 1.e. of the liquid crystal composition injected cell at
the time of irradiation with ultraviolet rays, is preferably
from 0 to 100° C., more preferably from 10 to 50° C,
particularly preferably from 15 to 30° C.

[0215] As described above, by means of the specific
ultraviolet irradiation apparatus, and by using a liquid crys-
tal composition comprising a liquid crystal, a polymerizable
compound and a specific compound, and a liquid crystal
alignment film obtained from a liquid crystal alignment
treating agent containing a specific polymer having a spe-
cific side chain structure, it is possible to obtain a liquid
crystal display device having good optical properties, i.e.
transparency when no voltage is applied and scattering
properties when a voltage is applied, being good, and
further, adhesion between the liquid crystal layer and the
liquid crystal alignment film being high.

EXAMPLES

[0216] Hereinafter, the present invention will be described
in further detail with reference to Examples, but the present
invention is by no means thereby limited. Abbreviations
used in the following are as follows.

(Specific Compound)
[0217]

S1

CH;

| H
H2C=C—ﬁ—O+C ﬁG—O C7H15

o]
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S2
155}

0]

(Liquid Crystal)

[0218] L1: MLC-6608 (manufactured by Merck Ltd.)

(Polymerizable Compound)

(0219]
R
0 H
H2C=%—ﬁ—(—O—C —C 350
0
R
H,
CoHs—C—C o—ﬁ—cl—CH2
0 CH, 3
R3
SH 0
| m |l H, H
HC—(—C —C—0~tC -)4—o—ﬁ—c —C—CH,
0 SH
R4
CHy _
0 HC—O
N @
—tN—C—0
A H,C—0—C—C=CH,
| H

(R4: Phenyl glycidyl ether acrylate toluene diisocyanate
urethane prepolymer)

(Photoinitiator)

[0220]

—\ GHs o,
4®7 /
Q N C N
\__/ | \
0 CcH, CH

P1

(Organophosphate Compound)

[0221] X1: Tetraphenyl dipropylene glycol diphosphate
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(Specific Side Chain Type Diamine (1))

C7Hs
NHZ/@D/
(6)
O
3

A
CsHy
O
A

[0222]

Al

N

&

A2

o

N

&

4
NH,
/©/ O
N
CH,
i CH;
CH; CH,
A5
NH,
0
~
/©/ Cl 8H3 7
N

(Specific Side Chain Type Diamine (2))

[0223]

Bl

LN NI,

CH;

C 0
o N0 NS N cH,

b
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B2

HN NH, C
\O: /©/ §CH2
0]
O/\/\/\/ ~ C

[
0

(Third Diamine)
[0224]

N \H,

COOH

CH,

NI,
N
/©/ \/\CH
2
LN

(Other Diamine)
[0225]

N NH,

(Specific Tetracarboxylic Acid Component)

[0226]
(6] 6]
(6] O
[€) 6]
(€] (6]
(@) 6]

Cl1

C2

D1

El

E2
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O
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0
F4
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0 O
6]
E5
0, 0]
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<Monomers for Producing Polysiloxane-Type Polymers>

[0227] F1: Compound represented by the following F1
[0228] F2: Octadecyltriethoxysilane

[0229] F3: 3-Methacryloxypropyltrimethoxysilane
[0230] F4: 3-Ureidopropyltriethoxysilane

[0231] F35: Tetraethoxysilane

F1
(Meo)3SiMO©llll"”<:>—C5Hll

<Specific Generating Agent>

[0232]

Glls ch,
/ \ /
Q N C N
\__/ l \
0 cm, CHs

N1
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<Specific Adhesion Compound>

[0233]

M1

[0} (0]

HC J\ )]\ CH
2 e O/\(\O/Y\O/Y\O c? 2
H H
OH OH oH

M2

OH

<Specific Crosslinkable Compound>
[0234]

K1
CH;

HO OH
CH;
HO OH

HO OH

<Solvent>

[0235] NMP: N-Methyl-2-pyrrolidone

[0236] NEP: N-Ethyl-2-pyrrolidone

[0237] y-BL: y-Butyrolactone

[0238] BCS: Ethylene glycol monobutyl ether
[0239] PB: Propylene glycol monobutyl ether
[0240] PGME: Propylene glycol monomethyl ether
[0241] ECS: Ethylene glycol monoethyl ether
[0242] EC: Diethylene glycol monoethyl ether

“Molecular Weight Measurement of Polyimide-Type
Polymer”

[0243] Measured as follows by using a room temperature
gel permeation chromatography (GPC) apparatus (GPC-
101) (manufactured by Showa Denko K.K.), and a column
(KD-803, KD-805) (manufactured by Shodex).

[0244] Column temperature: 50° C.

[0245] Eluent: N,N'-Dimethylformamide (additives: 30
mmol/L (liter) of lithium bromide monohydrate (LiBr.H,0),
30 mmol/L of phosphoric acid anhydrous crystal (o-phos-
phoric acid), and 10 ml/L of tetrahydrofuran (THF))
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[0246] Flow rate: 1.0 ml/min

[0247] Standard samples for preparation of calibration
curve: TSK standard polyethylene oxide (molecular weight:
about 900,000, 150,000, 100,000 and 30,000) (manufac-
tured by TOSOH CORPORATION) and polyethylene glycol
(molecular weight: about 12,000, 4,000 and 1,000) (manu-
factured by Polymer Laboratories Ltd.).

“Measurement of Imidization Rate of Polyimide-Type
Polymer”

[0248] 20 mg of polyimide powder was put in an NMR
(nuclear magnetic resonance) sample tube (NMR sampling
tube standard, ¢5 (manufactured by Kusano Scientific Co.,
Ltd.)), and deuterated dimethyl sulfoxide (DMSO-d6, 0.05
mass % TMS (tetramethylsilane) mixed product) (0.53 ml)
was added and dissolved completely by applying ultrasound.
The solution was subjected to measurement of proton NMR
at 500 MHz by an NMR measuring machine (JNW-
ECAS500) (manufactured by JEOL DATUM Ltd.). The imi-
dization rate was decided by using, as a reference proton, a
proton derived from a structure that does not change before
and after imidization, and obtained by the following formula
by using the peak integration value of this proton and the
proton peak integration value derived from the NH group of
amide acid appearing in the vicinity of from 9.5 ppm to 10.0

ppm.
Imidization rate (%)=(1-ax/y)x100

(x is the proton peak integration value derived from the NH
group of amide acid, y is the peak integration value of the
reference proton, o is the ratio of the number of the
reference protons to one NH group proton of the amide acid
in the case of a polyamide acid (imidization rate is 0%).)

“Synthesis of Polyimide-Type Polymer”

Synthesis Example 1

[0249] E1 (3.50 g, 17.8 mmol), A2 (2.85 g, 7.22 mmol),
B2 (1.92 g, 5.42 mmol) and C1 (0.83 g, 5.46 mmol) were
mixed in PGME (27.3 g) and reacted at 40° C. for 30 hours,
to obtain a polyamic acid solution (1) (resin solid content
concentration (Rc): 25 mass %). The number-average
molecular weight (Mn) of this polyamic acid was 11,100,
and the weight average molecular weight (Mw) was 46,300.

Synthesis Example 2

[0250] E2 (1.98 g, 7.91 mmol), Al (3.05 g, 8.01 mmol),
B1 (1.27 g, 4.81 mmol) and C1 (0.49 g, 3.22 mmol) were
mixed in NMP (16.7 g) and reacted at 50° C. for 8 hours, and
then, E1 (1.55 g, 7.90 mmol) and NMP (8.33 g) were added,
followed by the reaction at 40° C. for 8 hours to obtain a
polyamic acid solution (2) (Rc: 25 mass %). Mn of the
polyamic acid was 21,000, and Mw was 62,700.

Synthesis Example 3

[0251] The polyamic acid solution (2) (30.0 g) obtained in
Synthesis Example 2, was diluted to 6 mass % by adding
NMP, and then, as imidization catalysts, acetic anhydride
(3.90 g) and pyridine (2.40 g) were added, followed by the
reaction at 50° C. for 4 hours. The reaction solution was
poured into methanol (460 ml), and the obtained precipitate
was collected by filtration. The precipitate was washed with
methanol and dried at 60° C. under reduced pressure to
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obtain a polyimide powder (3). The imidization rate of the
polyimide was 58%, Mn was 18,800, and Mw was 50,100.

Synthesis Example 4

[0252] E2 (1.02 g, 4.08 mmol), A2 (2.28 g, 5.78 mmol),
B2 (1.76 g, 4.97 mmol) and C2 (1.18 g, 5.80 mmol) were
mixed in NMP (17.3 g) and reacted at 50° C. for 8 hours, and
then, E1 (2.40 g, 12.2 mmol) and NMP (8.64 g) were added,
followed by the reaction at 40° C. for 8 hours, to obtain a
polyamic acid solution (Rc: 25 mass %).

[0253] The obtained polyamic acid solution (30.0 g) was
diluted to 6 mass % by adding NMP, and then, as imidization
catalysts, acetic anhydride (3.85 g) and pyridine (2.45 g)
were added, followed by the reaction at 50° C. for 4 hours.
The reaction solution was poured into methanol (460 ml),
and the obtained precipitate was collected by filtration. The
precipitate was washed with methanol and dried at 60° C.
under reduced pressure to obtain a polyimide powder (4).
The imidization rate of the polyimide was 60%, Mn was
17,200, and Mw was 48.900.

Synthesis Example 5

[0254] E2 (2.11 g, 8.43 mmol), A4 (2.10 g, 4.26 mmol),
B1 (0.90 g, 3.41 mmol) and C1 (1.43 g, 9.40 mmol) were
mixed in NEP (16.4 g) and reacted at 50° C. for 8 hours, and
then, E1 (1.65 g, 8.41 mmol) and NEP (8.18 g) were added,
followed by the reaction at 40° C. for 8 hours, to obtain a
polyamic acid solution (Rc: 25 mass %).

[0255] The obtained polyamic acid solution (30.0 g) was
diluted to 6 mass % by adding NMP, and then, as imidization
catalysts, acetic anhydride (3.85 g) and pyridine (2.40 g)
were added, followed by the reaction at 50° C. for 2 hours.
The reaction solution was poured into methanol (460 ml),
and the obtained precipitate was collected by filtration. The
precipitate was washed with methanol and dried at 60° C.
under reduced pressure to obtain a polyimide powder (5).
The imidization rate of the polyimide was 49%, Mn was
16,500, and Mw was 46,300.

Synthesis Example 6

[0256] E3 (3.55 g, 15.8 mmol), A2 (2.85 g, 7.22 mmol),
B1 (0.85 g, 3.22 mmol), C2 (0.82 g, 4.03 mmol) and D1
(0.17 g, 1.57 mmol) were mixed in NMP (24.7 g) and
reacted at 40° C. for 12 hours, to obtain a polyamic acid
solution (Re: 25 mass %).

[0257] The obtained polyamic acid solution (30.0 g) was
diluted to 6 mass % by adding NMP, and then, as imidization
catalysts, acetic anhydride (3.85 g) and pyridine (2.40 g)
were added, followed by the reaction at 50° C. for 4.5 hours.
The reaction solution was poured into methanol (460 ml),
and the obtained precipitate was collected by filtration. The
precipitate was washed with methanol and dried at 60° C.
under reduced pressure to obtain a polyimide powder (6).
The imidization rate of the polyimide was 64%, Mn was
15,600, and Mw was 46,500.

Synthesis Example 7

[0258] E3 (3.55 g, 15.8 mmol), A4 (1.98 g, 4.02 mmol),
B2 (2.27 g, 6.40 mmol) and C1 (0.85 g, 5.59 mmol) were
mixed in NMP (26.0 g) and reacted at 40° C. for 12 hours,
to obtain a polyamic acid solution (Rec: 25 mass %).

[0259] The obtained polyamic acid solution (30.0 g) was
diluted to 6 mass % by adding NMP, and then, as imidization
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catalysts, acetic anhydride (3.90 g) and pyridine (2.50 g)
were added, followed by the reaction at 50° C. for 2 hours.
The reaction solution was poured into methanol (460 ml),
and the obtained precipitate was collected by filtration. The
precipitate was washed with methanol and dried at 60° C.
under reduced pressure to obtain a polyimide powder (7).
The imidization rate of the polyimide was 50%, Mn was
18,100, and Mw was 49,900.

Synthesis Example 8

[0260] E4 (2.22 g, 7.39 mmol), A3 (2.27 g, 5.25 mmol),
B1 (0.40 g, 1.51 mmol), B2 (1.06 g, 2.99 mmol) and C1
(0.80 g, 5.26 mmol) were mixed in NMP (16.4 g) and
reacted at 40° C. for 12 hours, and then, E1 (1.45 g, 7.39
mmol) and NMP (8.19 g) were added, followed by the
reaction at 40° C. for 8 hours, to obtain a polyamic acid
solution (Re: 25 mass %).

[0261] The obtained polyamic acid solution (30.0 g) was
diluted to 6 mass % by adding NMP, and then, as imidization
catalysts, acetic anhydride (4.50 g) and pyridine (3.10 g)
were added, followed by the reaction at 50° C. for 4 hours.
The reaction solution was poured into methanol (460 ml),
and the obtained precipitate was collected by filtration. The
precipitate was washed with methanol and dried at 60° C.
under reduced pressure to obtain a polyimide powder (8).
The imidization rate of the polyimide was 71%, Mn was
16,500, and Mw was 44,600.

Synthesis Example 9

[0262] ES (1.57 g, 7.40 mmol), A2 (2.96 g, 7.50 mmol),
B2 (1.59 g, 4.49 mmol) and C2 (0.61 g, 3.00 mmol) were
mixed in PGME (16.4 g) and reacted at 50° C. for 24 hours,
and then, E1 (1.45 g, 7.39 mmol) and PGME (8.18 g) were
added, followed by the reaction at 40° C. for 8 hours, to
obtain a polyamic acid solution (9) (Rc: 25 mass %). Mn of
the polyamic acid was 10,300, and Mw was 50,100.

Synthesis Example 10

[0263] E2 (1.98 g, 7.91 mmol), AS (3.02 g, 8.02 mmol),
B1 (1.27 g, 4.81 mmol) and C1 (0.49 g, 3.22 mmol) were
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mixed in NMP (16.6 g) and reacted at 50° C. for 8 hours, and
then, E1 (1.55 g, 7.90 mmol) and NMP (8.30 g) were added,
followed by the reaction at 40° C. for 8 hours, to obtain a
polyamic acid solution (Rc: 25 mass %).

[0264] The obtained polyamic acid solution (30.0 g) was
diluted to 6 mass % by adding NMP, and then, as imidization
catalysts, acetic anhydride (3.90 g) and pyridine (2.40 g)
were added, followed by the reaction at 50° C. for 4 hours.
The reaction solution was poured into methanol (460 ml),
and the obtained precipitate was collected by filtration. The
precipitate was washed with methanol and dried at 60° C.
under reduced pressure to obtain a polyimide powder (10).
The imidization rate of the polyimide was 59%, Mn was
17,200, and Mw was 49,800.

Synthesis Example 11

[0265] E2 (3.19 g, 12.7 mmol), C1 (0.79 g, 5.19 mmol)
and D1 (2.23 g, 20.6 mmol) were mixed in NMP (17.4 g)
and reacted at 50° C. for 8 hours, and then, E1 (2.50 g, 12.7
mmol) and NMP (8.71 g) were added, followed by the
reaction at 40° C. for 8 hours, to obtain a polyamic acid
solution (11) (Re: 25 mass %). Mn of the polyamic acid was
24,900, and Mw was 76,600.

Synthesis Example 12

[0266] To the polyamic acid solution (11) (30.0 g)
obtained in Synthesis Example 11, NMP was added for
dilution to 6 mass %, and then, as imidization catalysts,
acetic anhydride (3.90 g) and pyridine (2.40 g) were added,
followed by the reaction at 50° C. for 4 hours. The reaction
solution was poured into methanol (460 ml), and the
obtained precipitate was collected by filtration. The precipi-
tate was washed with methanol and dried at 60° C. under
reduced pressure to obtain a polyimide powder (12). The
imidization rate of the polyimide was 59%, Mn was 22,300,
and Mw was 58,600.

[0267] The polyimide type polymers obtained in Synthesis
Examples are shown in Table 12.

TABLE 12

Diamine component

Specific side

chain type Third Other Imidi-
Tetracarboxylic acid diamine Specific side chain type  diamine diamine zation
Polymer component compound (1)  diamine compound (2]  compound  compound rate (%)
Synthesis Polyamic acid El (3.50 g, 17.8 mmol) A2 (2.85 g, B2 (1.92 g, 542 mmol) CI1 (0.83 g, *1
Example 1 solution (1) 7.22 mmol) 5.46 mmol)
Synthesis Polyamic acid E1 (1.55 g, 7.90 mmol), Al (3.05 g, B1(1.27 g, 481 mmol) Cl1 (049 g, *1
Example 2 solution (2) E2 (198 g, 7.91 mmol) 8.01 mmol) 3.22 mmol)
Synthesis Polyimide E1 (155 g, 7.90 mmol), Al (3.05g, B1(1.27 g, 481 mmol) CI1 (049 g, 58
Example 3 powder (3) E2 (198 g, 7.91 mmol) 8.01 mmol) 3.22 mmol)
Synthesis Polyimide E1 (240 g, 12.2 mmol), A2 (228 g, B2 (1.76 g, 497 mmol) C2 (1.18 g, 60
Example 4  powder (4) E2 (1.02 g, 4.08 mmol) 5.78 mmol) 5.80 mmol)
Synthesis Polyimide E1(1.65 g, 8.41 mmol), A4 (2.10g, B1(0.90 g, 3.41 mmol) CI1 (143 g, 49
Example 5 powder (5) E2 (2.11 g, 8.43 mmol) 4.26 mmol) 9.40 mmol)
Synthesis Polyimide E3 (355 g, 158 mmol) A2 (285 g, B1 (0.85 g, 3.22 mmol) C2 (0.82 g, DI (0.17 g, 64
Example 6  powder (6) 7.22 mmol) 4.03 mmol) 1.57 mmol)
Synthesis Polyimide E3 (355 g, 15.8 mmol) A4 (198 g, B2 (2.27 g, 640 mmol) C1 (0.85 g, 50
Example 7 powder (7) 4.02 mmol) 5.59 mmol)
Synthesis Polyimide E1 (145 g, 7.39 mmol), A3 (227 g, B1 (0.40 g, 1.51 mmol), CI1 (0.80 g, 71
Example 8  powder (8) E4 (2.22 g, 7.39 mmol)  5.25 mmol) B2 (1.06 g, 2.99 mmol) 5.26 mmol)
Synthesis Polyamic acid E1 (1.45 g, 7.39 mmol), A2 (2.96 g, B2 (1.59 g, 449 mmol) C2 (0.61 g, *1
Example 9 solution (9) E5 (157 g, 7.40 mmol)  7.50 mmol) 3.00 mmol)
Synthesis Polyimide E1 (155 g, 7.90 mmol), A5 (3.02 g, B1(1.27 g, 481 mmol) Cl1 (049 g, 59
Example 10 powder (10) E2 (198 g, 7.91 mmol) 8.02 mmol) 3.22 mmol)
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TABLE 12-continued

Diamine component

Specific side

chain type Third Other Imidi-
Tetracarboxylic acid diamine Specific side chain type  diamine diamine zation
Polymer component compound (1)  diamine compound (2)  compound  compound rate (%)
Synthesis Polyamic acid E1 (2.50 g, 12.7 mmol), Cl1(0.79g, DI (2.23¢g, *1
Example 11  solution (11)  E2 (3.19 g, 12.7 mmol) 5.19 mmol)  20.6 mmol)
Synthesis Polyimide E1 (2.50 g, 12.7 mmol), Cl1(0.79g, DI (223g, 59
Example 12 powder (12) E2 (3.19 g, 12.7 mmol) 5.19 mmol)  20.6 mmol)

*1: Polyamic acid

“Synthesis of Polysiloxane-Type Polymer”

Synthesis Example 13

[0268] In a 200 ml four-necked reaction flask equipped
with a thermometer and a reflux tube, ECS (28.3 g), F1 (4.10
2), F3 (7.45 g) and F5 (32.5 g) were mixed, to prepare a
solution of alkoxysilane monomers. To this solution, a
solution which was previously prepared by mixing ECS
(14.2 g), water (10.8 g), and oxalic acid (0.70 g) as a catalyst,
was added dropwise at 25° C. over 30 minutes, followed by
further stirring at 25° C. for 30 minutes. Thereafter, the
reaction solution was heated and refluxed for 30 minutes by
using an oil bath, and then, a mixed solution preliminarily
prepared by mixing ECS (0.90 g) and a methanol solution
(1.20 g) with a F4 content of 92 mass %, was added. After
further refluxing for 30 minutes, the reaction mixture was
left to cool to obtain a polysiloxane solution (1) (concen-
tration calculated as Si0O, (Sc): 12 mass %).

Synthesis Example 14

[0269] In a 200 ml four-necked reaction flask equipped
with a thermometer and a reflux tube, EC (25.4 g), F1 (8.20
2), F3 (19.9 g) and FS (20.0 g) were mixed, to prepare a
solution of alkoxysilane monomers. To this solution, a
solution previously prepared by mixing EC (12.7 g), water
(10.8 g) and oxalic acid (1.10 g) as a catalyst, was added
dropwise at 25° C. over 30 minutes, followed by further
stirring at 25° C. for 30 minutes. Thereafter, the reaction
solution was heated and refluxed for 30 minutes by using an
oil bath, and then, a mixed solution preliminarily prepared
by mixing EC (0.90 g) and a methanol solution (1.20 g) with
a F4 content of 92 mass %, was added. After refluxing for
an additional 30 minutes, the reaction mixture was left to
cool, to obtain a polysiloxane solution (2) (Sc: 12 mass %).

Synthesis Example 15

[0270] In a 200 ml four-necked reaction flask equipped
with a thermometer and a reflux tube, EC (29.2 g), F1 (4.10
2) and F5 (38.8 g) were mixed, to prepare a solution of
alkoxysilane monomers. To this solution, a solution which
was previously prepared by mixing EC (14.6 g), water (10.8
g) and oxalic acid (0.50 g) as a catalyst, was added dropwise
at 25° C. over 30 minutes, followed by further stirring at 25°
C. for 30 minutes. Thereafter, the reaction solution was
heated and refluxed for 30 minutes by using an oil bath, and
then, a mixed solution preliminarily prepared by mixing EC
(0.90 g) and a methanol solution (1.20 g) with a F4 content
of 92 mass %, was added. After further refluxing for 30
minutes, the reaction mixture was left to cool, to obtain a
polysiloxane solution (3) (Sc: 12 mass %).

Synthesis Example 16

[0271] In a 200 ml four-necked reaction flask equipped
with a thermometer and a reflux tube, ECS (28.3 g), F2 (4.07
2), F3 (7.45 g) and F5 (32.5 g) were mixed, to prepare a
solution of alkoxysilane monomers. To this solution, a
solution which was previously prepared by mixing ECS
(14.2 g), water (10.8 g) and oxalic acid (0.70 g) as a catalyst,
was added dropwise at 25° C. over 30 minutes, followed by
further stirring at 25° C. for 30 minutes. Thereafter, the
reaction solution was heated and refluxed for 30 minutes by
using an oil bath, and then, a mixed solution preliminarily
prepared by mixing ECS (0.90 g) and a methanol solution
(1.20 g) with a F4 content of 92 mass %, was added. After
further refluxing for 30 minutes, the reaction mixture was
left to cool, to obtain a polysiloxane solution (4) (Sc: 12
mass %).

[0272] The polysiloxane-type polymers obtained in the
respective Synthesis Examples are shown in Table 13.

TABLE 13

Alkoxysilane component

Alkoxysilane monomer

Alkoxysilane monomer  Alkoxysilane monomer

Resin represented by the represented by the represented by the
component formula [Al] formula [A2] formula [A3]
Synthesis Polysiloxane F1 (4.10 g) F3(745¢), T4 (1.10 g} F5(325¢)
Example 13 solution (1)
Synthesis Polysiloxane F1 (820 ¢g) F3 (199 g), F4 (1.10 g) F5(20.0 g)
Example 14 solution (2)
Synthesis Polysiloxane F1 (410 g) F4 (1.10 @) F5 (388 g)
Example 15  solution (3)
Synthesis Polysiloxane F2 (4.07 g) F3 (745 g), F4 (1.10 g) F5(325¢)

Example 16  solution (4)
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“Preparation of Liquid Crystal Composition”

[0273] Liquid crystal composition (1): obtained by mixing
L1 (240 g), R1 (1.20 ), R2 (1.20 g), S1 (0.024 g) and P1
(0.012 g).

[0274] Liquid crystal composition (2): obtained by mixing
L1 (240 g), R1 (1.20 ), R2 (1.20 g), $1 (0.168 g) and P1
(0.012 g).

[0275] Liquid crystal composition (3): obtained by mixing
L1 (2.40 g), R1 (0.60 g), R2 (0.60 g), R3 (0.60 g), R4 (0.60
2), S1 (0.168 g) and P1 (0.012 g).

[0276] Liquid crystal composition (4): obtained by mixing
L1 (240 g), R1 (0.60 g), R2 (0.60 g), R3 (0.60 g), R4 (0.60
2), S2 (0.048 g) and P1 (0.012 g).

[0277] Liquid crystal composition (5): obtained by mixing
L1 (240 g), R1 (0.60 g), R2 (0.60 g), R3 (0.60 g), R4 (0.60
g), S1 (0.168 g), P1 (0.012 g) and X1 (0.012 g).

[0278] Liquid crystal composition (6): obtained by mixing
L1 (2.40 g), R1 (1.20 g), R2 (1.20 g) and P1 (0.012 g).

“Preparation of Liquid Crystal Display Device (Glass
Substrate)”

[0279] The liquid crystal alignment treating agent
obtained in each of Examples 4, 12, 13, 18, 19 and 22, and
Comparative Examples 1, 2, 5, 6, 9 and 10, was pressure
filtered through a membrane filter with a pore size of 1 pm.
The obtained solution was spin-coated on an ITO surface of
an ITO electrode-attached glass substrate (length: 100 mm,
horizontal: 100 mm, thickness: 0.7 mm) washed with pure
water and IPA (isopropy! alcohol) and heat-treated at 100°
C. for 5 minutes on a hot plate, and at 210° C. for 30 minutes
in a heat circulating clean oven, to obtain an ITO substrate
provided with a liquid crystal alignment film having a film
thickness of 100 nm. Two such ITO substrates were pre-
pared, and the liquid crystal alignment film surface of one of
the substrates was coated with a spacer (particle diameter 6
um, manufactured by Catalysts & Chemicals Ind. Co., Ltd.).
Thereafter, on the liquid crystal alignment film surface of the
substrate coated with the spacer, the above-mentioned liquid
crystal composition was dropped by an ODF (One Drop
Filling) method, and then, the bonding was carried out so
that the liquid crystal alignment film surface of the other
substrate would face thereto, to obtain a liquid crystal
display device before treatment.

[0280] This liquid crystal display device before treatment
was subjected to irradiation with ultraviolet rays, by using a
specific ultraviolet irradiation apparatus (referred to also as
a specific ultraviolet irradiation apparatus) having ultraviolet
light-emitting diodes as the light source, as shown in FIG. 2.
Specifically, the wavelength of the light source of the
ultraviolet light emitting diodes was 365 nm, the intensity of
ultraviolet rays was 10 mW/cm?, the irradiation time was 60
seconds, and further, the temperature of the substrate surface
was controlled to be 20° C.

[0281] Further, in Comparative Examples 5 and 9, irra-
diation with ultraviolet rays was applied to the liquid crystal
display device before treatment by using a ultraviolet irra-
diation apparatus having a metal halide lamp as the light
source. Specifically, with the intensity of the ultraviolet rays
being 30 mW/em?, ultraviolet rays were irradiated through
a cut filter that cut off wavelengths of 350 nm or less, and
the irradiation time was set to be 30 seconds. At that time,
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the temperature of the substrate surface was not controlled,
but it was confirmed that the temperature rose to about 50°
C.

[0282] Thus, a liquid crystal display device (reverse type
device) (glass substrate) was obtained. By using this liquid
crystal display device, evaluation of the liquid crystal align-
ment property was carried out. For the liquid crystal align-
ment property, the present device was observed by a polar-
izing microscope (ECLIPSE E600WPOL, manufactured by
Nikon Corporation) to confirm whether or not the liquid
crystal was aligned vertically. In the liquid crystal display
devices in Examples, the liquid crystal was aligned verti-
cally. On the other hand, in the liquid crystal display devices
in Comparative Examples 1 and 2, the liquid crystal was not
aligned vertically.

“Preparation of Liquid Crystal Display Device (Plastic
Substrate)”

[0283] The liquid crystal alignment treating agent in each
of Examples 1 to 3, 5 to 11, 14 to 17, 20 and 21 and
Comparative Example 3, 4, 7 and 8, was pressure filtered
through a membrane filter with a pore size of 1 pm. The
obtained solution was applied by a bar coater on an ITO
surface of an ITO electrode-attached PET (polyethylene
terephthalate) substrate (length: 150 mm, horizontal: 150
mm, thickness: 0.2 mm) washed with pure water, and
heat-treated at 100° C. for 5 minutes on a hot plate and at
120° C. for 2 minutes in a heat circulating clean oven, to
obtain an ITO substrate provided with a liquid crystal
alignment film having a film thickness of 100 nm. Two such
ITO substrates were prepared, and the liquid crystal align-
ment film surface of one of the substrates was coated with
a spacer (particle diameter 6 um, manufactured by Catalysts
& Chemicals Ind. Co., Ltd.). Thereafter, on the liquid crystal
alignment film surface of the substrate coated with the
spacer, the liquid crystal composition was dropped by an
ODF method, and then, bonding was carried out so that the
liquid crystal alignment film surface of the other substrate
would face thereto, to obtain a liquid crystal display device
before treatment.

[0284] This liquid crystal display device before treatment
was subjected to irradiation with ultraviolet rays, by using a
specific ultraviolet irradiation apparatus having ultraviolet
light-emitting diodes as the light source, as shown in FIG. 2.
Specifically, the wavelength of the light source of the
ultraviolet light emitting diodes was 365 nm, the intensity of
ultraviolet rays was 10 mW/cm?, the irradiation time was 60
seconds, and further, the temperature of the substrate surface
was controlled to be 20° C.

[0285] Further, in Comparative Example 7, irradiation
with ultraviolet rays was applied to the liquid crystal display
device before treatment by using a ultraviolet irradiation
apparatus having a metal halide lamp as the light source.
Specifically, with the intensity of the ultraviolet rays being
30 mW/cm?, ultraviolet rays were irradiated through a cut
filter that cut off wavelengths of 350 nm or less, and the
irradiation time was set to be 30 seconds. At that time, the
temperature of the substrate surface was not controlled, but
it was confirmed that the temperature rose to about 50° C.
[0286] Thus, a liquid crystal display device (reverse type
device) (plastic substrate) was obtained.

[0287] By using this liquid crystal display device, evalu-
ation of the liquid crystal alignment property was carried
out. For the liquid crystal alignment property, the present
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device was observed by a polarizing microscope (ECLIPSE
E600WPOL) (manufactured by Nikon Corporation) to con-
firm whether or not the liquid crystal was aligned vertically.
In the liquid crystal display devices in Examples, the liquid
crystal was aligned vertically. On the other hand, in the
liquid crystal display devices in Comparative Examples 3
and 4, the liquid crystal was not aligned vertically.

“Evaluation of Optical Properties (Transparency and
Scattering Properties)”

[0288] Using the liquid crystal display devices (glass
substrate and plastic substrate) obtained by the above-
described methods, evaluation of the optical properties
(transparency and scattering properties) was carried out.
[0289] Evaluation of transparency when no voltage was
applied, was conducted by measuring the transmittance of
the liquid crystal display device (glass substrate, plastic
substrate) in a state where no voltage was applied. Specifi-
cally, using the UV-3600 (manufactured by Shimadzu Cor-
poration) as the measuring device, the measurement was
conducted under conditions at a temperature of 25° C. and
a scanning wavelength of from 300 to 800 nm. At that time,
in the case of a liquid crystal display device (glass substrate),
the above mentioned ITO electrode-attached glass substrate
was used as a reference, and in the case of a liquid crystal
display device (plastic substrate), the above mentioned ITO
electrode-attached PET substrate was used as a reference.
The evaluation was based on the transmittance at a wave-
length of 450 nm, and one having a higher transmittance was
regarded to be better in transparency.

[0290] Further, evaluation of the transmittance after stor-
age for 36 hours in a constant temperature and humidity tank
under a humidity of 90% RH at temperature of 80° C. was
also carried out. One with a lower reduction rate in trans-
mittance after storage in the constant temperature and
humidity tank, relative to the transmittance immediately
after the preparation of the liquid crystal display device
(initial value), was regarded to be better in this evaluation.
[0291] Further, evaluation of the transmittance after irra-
diation with ultraviolet rays of 5 Jiem? as calculated at 365
nm, was also carried out by using a tabletop UV curing
device (HCT3B28HEX-1, manufactured by Senraito Co.).
[0292] Further, in Examples 110 3,5 to 8, 14 to 19 and 22,
in addition to the standard tests as described above, evalu-
ation of the transmittance after storage for 72 hours in a
constant temperature and humidity tank at a temperature of
80° C. under a humidity of 90% RH, was also carried out as
an emphasized test. Here, the evaluation method was under
the same conditions as described above.

[0293] Evaluation of the scattering propetties when a
voltage was applied, was carried out by applying 30V by AC
driving to the liquid crystal display device (glass substrate),
and visually observing the alignment state of the liquid
crystal. A case where the liquid crystal display device
became cloudy, i.e. a case where scattering properties were
obtained, was regarded as good in this evaluation (shown as
“good” in the table).

[0294] Further, confirmation of the alignment state of the
liquid crystal after storage for 36 hours in a constant
temperature and humidity tank at a temperature of 80° C.
under a humidity of 90% RH was also carried out.

[0295] Further, confirmation of the alignment state of the
liquid crystal after irradiation with ultraviolet rays of 5 J/em?

Nov. 30,2017

as calculated at 365 nm was also carried out by using a
tabletop UV curing device (HCT3B28HEX-1, manufactured
by Senraito Co.).

[0296] The evaluation results of the transmittance (%) and
scattering properties immediately after preparation of the
liquid crystal display device (initial), after storage in the
constant temperature and humidity tank (constant tempera-
ture and humidity) and after irradiation with ultraviolet rays
(ultraviolet rays) are shown as summarized in Tables 18 to
20.

“Evaluation of Adhesion Between Liquid Crystal Layer and
Liquid Crystal Alignment Film”

[0297] Using the liquid crystal display devices (glass
substrate and plastic substrate) obtained by the above men-
tioned methods, evaluation of adhesion between the liquid
crystal layer and the liquid crystal alignment film was
carried out.

[0298] A liquid crystal display device (glass substrate,
plastic substrate) was stored in a constant temperature and
humidity tank at a temperature of 80° C. under a humidity
of 90% RH for 36 hours, whereby the presence or absence
of air bubbles in the liquid crystal display device and peeling
of the device, were confirmed. Specifically, a case where no
air bubbles were observed in the device, and peeling of the
device (a state in which the liquid crystal layer and the liquid
crystal alignment film are peeled) did not occur, was
regarded as good in this evaluation (shown as “good” in the
table).

[0299] Further, the presence or absence of air bubbles in
the liquid crystal display device and peeling of the device,
were confirmed also after the liquid crystal display device
(glass substrate, plastic substrate) was subjected to irradia-
tion with ultraviolet rays of 5 J/cm? as calculated at 365 nm,
by using a tabletop UV curing device (HCT3B28HEX-1)
(manufactured by Senraito Co.).

[0300] Further, in Examples 1 to 3,510 8, 14 to 19 and 22,
in addition to the standard tests as described above, as an
emphasized test, evaluation of adhesion after storage for 72
hours in a constant temperature and humidity tank at a
temperature of 80° C. under a humidity of 90% RH was also
carried out. Here, the evaluation method was under the same
conditions as described above.

[0301] The adhesion results (adhesion) between the liquid
crystal layer and the liquid crystal alignment film, after
storage in the constant temperature and humidity tank (con-
stant temperature and humidity) and after irradiation with
ultraviolet rays (ultraviolet rays), are shown in Tables 21 to
23.

Example 1

[0302] To the polyamic acid solution (1) (5.50 g) obtained
in Synthesis Example 1, PGME (20.7 g) and v-BL (4.38 g)
were added and stirred at 25° C. for 4 hours, to obtain a
liquid crystal alignment treating agent (1). This liquid crystal
alignment treating agent was confirmed to be a uniform
solution, in which abnormality such as turbidity or precipi-
tation was not observed. By using the liquid crystal align-
ment treating agent (1) and the liquid crystal composition
(2), a liquid crystal display device was prepared and evalu-
ated.
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Example 2
[0303] To the polyamic acid solution (1) (5.50 g) obtained

in Synthesis Example 1, N1 (0.069 g), M1 (0.207 g), K1
(0.097 g), PGME (20.7 g) and y-BL (4.38 g) were added and
stirred at 25° C. for 6 hours, to obtain a liquid crystal
alignment treating agent (2). This liquid crystal alignment
treating agent was confirmed to be a uniform solution,
wherein abnormality such as turbidity or precipitation was
not observed. By using the liquid crystal alignment treating
agent (2) and the liquid crystal composition (2), a liquid
crystal display device was prepared and evaluated.

Example 3

[0304] By using the liquid crystal alignment treating agent
(2) in Example 2 and the liquid crystal composition (3), a
liquid crystal display device was prepared and evaluated.

Example 4

[0305] To the polyamic acid solution (2) (5.50 g) obtained
in Synthesis Example 2, NMP (11.9 g) and BCS (13.1 g)
were added and stirred at 25° C. for 4 hours, to obtain a
liquid crystal alignment treating agent (3). This liquid crystal
alignment treating agent was confirmed to be a uniform
solution, wherein abnormality such as turbidity or precipi-
tation was not observed. By using this liquid crystal align-
ment treating agent (3) and the liquid crystal composition
(1), a liquid crystal display device was prepared and evalu-
ated.

Example 5

[0306] To the polyimide powder (3) (1.50 g) obtained in
Synthesis Example 3, y-BL (3.18 g) and PGME (28.7 g)
were added and stirred at 60° C. for 24 hours, to obtain a
liquid crystal alignment treating agent (4). This liquid crystal
alignment treating agent was confirmed to be a uniform
solution, wherein abnormality such as turbidity or precipi-
tation was not observed. By using this liquid crystal align-
ment treating agent (4) and the liquid crystal composition
(1), a liquid crystal display device was prepared and evalu-
ated.

Example 6

[0307] To the polyimide powder (4) (1.50 g) obtained in
Synthesis Example 4, y-BL (6.37 g) and PGME (25.5 g)
were added and stirred at 60° C. for 24 hours, to obtain a
liquid crystal alignment treating agent (5). This liquid crystal
alignment treating agent was confirmed to be a uniform
solution, wherein abnormality such as turbidity or precipi-
tation was not observed. By using this liquid crystal align-
ment treating agent (5) and the liquid crystal composition
(1), a liquid crystal display device was prepared and evalu-
ated.

Example 7

[0308] By using the liquid crystal alignment treating agent
(5) in Example 6 and the liquid crystal composition (2), a
liquid crystal display device was prepared and evaluated.
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Example 8

[0309] By using the liquid crystal alignment treating agent
(5) in Example 6 and the liquid crystal composition (3), a
liquid crystal display device was prepared and evaluated.

Example 9

[0310] To the polyimide powder (4) (1.50 g) obtained in
Synthesis Example 4, y-BL (6.37 g) and PGME (25.5 g)
were added and stirred at 60° C. for 24 hours. Thereafter, N1
(0.105 g), M1 (0.45 g) and K1 (0.075 g) were added, and
stirred at 25° C. for 4 hours, to obtain a liquid crystal
alignment treating agent (6). This liquid crystal alignment
treating agent was confirmed to be a uniform solution,
wherein abnormality such as turbidity or precipitation was
not observed. By using this liquid crystal alignment treating
agent (6) and the liquid crystal composition (5), a liquid
crystal display device was prepared and evaluated.

Example 10

[0311] To the polyimide powder (5) (1.55 g) obtained in
Synthesis Example 5, y-BL (8.22 g) and PGME (24.7 g)
were added and stirred at 60° C. for 24 hours. Thereafter, N1
(0.047 g), M1 (0.155 g) and K1 (0.078 g) were added and
stirred at 25° C. for 4 hours, to obtain a liquid crystal
alignment treating agent (7). This liquid crystal alignment
treating agent was confirmed to be a uniform solution,
wherein abnormality such as turbidity or precipitation was
not observed. By using this liquid crystal alignment treating
agent (7) and the liquid crystal composition (4), a liquid
crystal display device was prepared and evaluated.

Example 11

[0312] To the polyimide powder (6) (1.50 g) obtained in
Synthesis Example 6, y-BL (3.18 g) and PGME (28.7 g)
were added and stirred at 60° C. for 24 hours. Thereafter, N1
(0.075 g) and K1 (0.105 g) were added and stirred at 25° C.
for 4 hours, to obtain a liquid crystal alignment treating
agent (8). This liquid crystal alignment treating agent was
confirmed to be a uniform solution, wherein abnormality
such as turbidity or precipitation was not observed. By using
this liquid crystal alignment treating agent (8) and the liquid
crystal composition (3), a liquid crystal display device was
prepared and evaluated.

Example 12

[0313] To the polyimide powder (7) (1.50 g) obtained in
Synthesis Example 7, y-BL (12.7 g), BCS (9.55 g) and PB
(9.55 g) were added and stirred at 60° C. for 24 hours. Then,
N1(0.105 g), M2 (0.075 g) and K1 (0.075 g) were added and
stirred at 25° C. for 4 hours, to obtain a liquid crystal
alignment treating agent (9). This liquid crystal alignment
treating agent was confirmed to be a uniform solution,
wherein abnormality such as turbidity or precipitation was
not observed. By using this liquid crystal alignment treating
agent (9) and the liquid crystal composition (5), a liquid
crystal display device was prepared and evaluated.

Example 13

[0314] To the polyimide powder (8) (1.50 g) obtained in
Synthesis Example 8, NEP (15.9 g), BCS (6.37 g) and PB
(9.55 g) were added and stirred at 60° C. for 24 hours.
Thereafter, N1 (0.075 g) and K1 (0.045 g) were added and
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stirred at 25° C. for 4 hours, to obtain a liquid crystal
alignment treating agent (10). This liquid crystal alignment
treating agent was confirmed to be a uniform solution,
wherein abnormality such as turbidity or precipitation was
not observed. By using this liquid crystal alignment treating
agent (10) and the liquid crystal composition (4), a liquid
crystal display device was prepared and evaluated.

Example 14

[0315] To the polyamic acid solution (9) (5.50 g) obtained
in Synthesis Example 9, PGME (22.1 g) and y-BL (2.92 g)
were added and stirred at 25° C. for 4 hours, to obtain a
liquid crystal alignment treating agent (11). This liquid
crystal alignment treating agent was confirmed to be a
uniform solution, wherein abnormality such as turbidity or
precipitation was not observed. By using this liquid crystal
alignment treating agent (11) and the liquid crystal compo-
sition (2), a liquid crystal display device was prepared and
evaluated.

Example 15

[0316] By using the liquid crystal alignment treating agent
(11) in Example 14 and the liquid crystal composition (3), a
liquid crystal display device was prepared and evaluated.

Example 16

[0317] By using the liquid crystal alignment treating agent
(11) in Example 14 and the liquid crystal composition (5), a
liquid crystal display device was prepared and evaluated.

Example 17

[0318] To the polyimide powder (10) (1.50 g) obtained in
Synthesis Example 10, y-BL (3.18 g) and y-BL (28.7 g) were
added and stirred at 60° C. for 24 hours, to obtain a liquid
crystal alignment treating agent (12). This liquid crystal
alignment treating agent was confirmed to be a uniform
solution, wherein abnormality such as turbidity or precipi-
tation was not observed. By using this liquid crystal align-
ment treating agent (12) and the liquid crystal composition
(1), a liquid crystal display device was prepared and evalu-
ated.

Example 18

[0319] To the polysiloxane solution (1) (12.5 g) obtained
in Synthesis Example 13, ECS (1.73 g), BCS (9.55 g) and
PB (9.55 g) were added and stirred at 25° C. for 4 hours, to
obtain a liquid crystal alignment treating agent (13). This
liquid crystal alignment treating agent was confirmed to be
a uniform solution, wherein abnormality such as turbidity or
precipitation was not observed. By using this liquid crystal
alignment treating agent (13) and the liquid crystal compo-
sition (2), a liquid crystal display device was prepared and
evaluated.

BExample 19

[0320] By using the liquid crystal alignment treating agent
(13) in Example 18 and the liquid crystal composition (3),
a liquid crystal display device was prepared and evaluated.
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Example 20

[0321] To the polysiloxane solution (2) (12.0 g) obtained
in Synthesis Example 14, N1 (0.072 g), M1 (0.288 g), EC
(0.14 g), PB (10.7 g) and PGME (9.17 g) were added and
stirred at 25° C. for 4 hours, to obtain a liquid crystal
alignment treating agent (14). This liquid crystal alignment
treating agent was confirmed to be a uniform solution,
wherein abnormality such as turbidity or precipitation was
not observed. By using this liquid crystal alignment treating
agent (14) and the liquid crystal composition (5), a liquid
crystal display device was prepared and evaluated.

Example 21

[0322] To the polysiloxane solution (3) (12.0 g) obtained
in Synthesis Example 15, EC (0.14 g), PB (10.7 g) and
PGME (9.17 g) were added and stirred at 25° C. for 4 hours,
to obtain a liquid crystal alignment treating agent (15). This
liquid crystal alignment treating agent was confirmed to be
a uniform solution, wherein abnormality such as turbidity or
precipitation was not observed. By using this liquid crystal
alignment treating agent (15) and the liquid crystal compo-
sition (4), a liquid crystal display device was prepared and
evaluated.

Example 22

[0323] To the polysiloxane solution (4) (12.0 g) obtained
in Synthesis Example 16, ECS (1.66 g), BCS (9.17 g) and
PB (9.17 g) were added and stirred at 25° C. for 4 hours, to
obtain a liquid crystal alignment treating agent (16). This
liquid crystal alignment treating agent was confirmed to be
a uniform solution, wherein abnormality such as turbidity or
precipitation was not observed. By using this liquid crystal
alignment treating agent (16) and the liquid crystal compo-
sition (2), a liquid crystal display device was prepared and
evaluated.

Comparative Example 1

[0324] To the polyamic acid solution (11) (5.50 g)
obtained in Synthesis Example 11, NMP (11.9 g) and BCS
(13.1 g) were added and stirred at 25° C. for 4 hours, to
obtain a liquid crystal alignment treating agent (17). This
liquid crystal alignment treating agent was confirmed to be
a uniform solution, wherein abnormality such as turbidity or
precipitation was not observed. By using this liquid crystal
alignment treating agent (17) and the liquid crystal compo-
sition (1), a liquid crystal display device was prepared and
evaluated.

Comparative Example 2

[0325] By using the liquid crystal alignment treating agent
(17) in Comparative Example 1 and the liquid crystal
composition (6), a liquid crystal display device was prepared
and evaluated.

Comparative Example 3

[0326] To the polyimide powder (12) (1.50 g) obtained in
Synthesis Example 12, y-BL (3.18 g) and PGME (28.7 g)
were added and stirred at 60° C. for 24 hours, to obtain a
liquid crystal alignment treating agent (18). This liquid
crystal alignment treating agent was confirmed to be a
uniform solution, wherein abnormality such as turbidity or
precipitation was not observed. By using this liquid crystal
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alignment treating agent (18) and the liquid crystal compo-
sition (1), a liquid crystal display device was prepared and
evaluated.

Comparative Example 4

[0327] By using the liquid crystal alignment treating agent
(18) in Comparative Example 3 and the liquid crystal
composition (6), aliquid crystal display device was prepared
and evaluated.

Comparative Example 5

[0328] By using the liquid crystal alignment treating agent
(3) in Example 4 and the liquid crystal composition (1), a
liquid crystal display device was prepared and evaluated.
Here, as the ultraviolet irradiation apparatus, the above-
mentioned metal halide lamp type ultraviolet irradiation
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apparatus was used.

Comparative Example 6

[0329]

By using the liquid crystal alignment treating agent

(3) in Example 4 and the liquid crystal composition (6), a
liquid crystal display device was prepared and evaluated.

Nov. 30,2017

Comparative Example 7

[0330] By using the liquid crystal alignment treating agent
(4) in Example 5 and the liquid crystal composition (1), a
liquid crystal display device was prepared and evaluated.
Here, as the ultraviolet irradiation apparatus, the above-
mentioned metal halide lamp type ultraviolet irradiation
apparatus was used.

Comparative Example 8

[0331] By using the liquid crystal alignment treating agent
(4) in Example 5 and the liquid crystal composition (6), a
liquid crystal display device was prepared and evaluated.

Comparative Example 9

[0332] By using the liquid crystal alignment treating agent
(13) in Example 18 and the liquid crystal composition (2),
a liquid crystal display device was prepared and evaluated.
Here, as the ultraviolet irradiation apparatus, the above-
mentioned metal halide lamp type ultraviolet irradiation
apparatus was used.

Comparative Example 10

[0333] By using the liquid crystal alignment treating agent
(13) in Example 18 and the liquid crystal composition (6),
a liquid crystal display device was prepared and evaluated.

TABLE 14

Liquid erystal alignment

Specific generating  Specific adhesion Specific crosslinkable

treating agent Specific polymer  Polymer agent (*1) compeund (*2)  compound (*3)

Example 1 Liquid crystal alignment Polyamic acid — — — —
treating agent (1) solution (1)

Example 2 Liquid crystal alignment Polyamic acid — N1 (5) M1 (15) X1 (7
treating agent (2) solution (1)

Example 3 Liquid crystal alignment Polyamic acid — N1 (%) M1 (15) K1 (7)
treating agent (2) solution (1)

Example 4  Liquid crystal alignment Polyamic acid — — — —
treating agent (3) solution (2)

Example 5 Liquid crystal alignment Polyimide powder — — — —
treating agent (4) 3)

Example 6  Liquid crystal alignment Polyimide powder — — — —
treating agent (5) 4

Example 7 Liquid crystal alignment Polyimide powder — — — —
treating agent (5) 4)

Example 8  Liquid crystal alignment Polyimide powder — — — —
treating agent (5) 4)

Example 9 Liquid crystal alignment Polyimide powder — N1 (7) M1 (30) X1 (35)
treating agent (6) 4

Example 10 Liquid crystal alignment Polyimide powder — N1 (3) M1 (10) X1 (5)
treating agent (7) 5

TABLE 15

Liquid crystal alignment Specific generating  Specific adhesion Specific crosslinkable
treating agent Specific polymer  Polymer agent (*1) compeund (*2)  compound (*3)

Example 11  Liquid crystal alignment Polyimide powder — N1 (5) — K1 (7)
treating agent (8) 6)

Example 12 Liquid crystal alignment Polyimide powder — N1 (7) M2 (5) K1 (3)
treating agent (9) 7

Example 13 Liquid crystal alignment Polyimide powder — N1 (3) — K1 (3)
treating agent (10) (8)

Example 14 Liquid crystal alignment Polyamic acid — N1 (5) M2 (10) K1 (7)
treating agent (11) solution (9)

Example 15 Liquid crystal alignment Polyamic acid — N1 (3) M2 (10) K1 (7)
treating agent (11) solution (9)

Example 16 Liquid crystal alignment Polyamic acid — N1 (3) M2 (10) K1 (7)

treating agent (11)

solution (9)
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TABLE 15-continued

Liquid crystal alignment Specific generating  Specific adhesion  Specific crosslinkable
treating agent Specific polymer  Polymer agent (*1) compound (*2)  compound (*3)

Example 17 Liquid crystal alignment Polyimide powder — — — —

treating agent (12) (10)
TABLE 16
Specific  Specific Specific

Liquid crystal alignment Specific generating  adhesion crosslinkable

treating agent polymer Polymer agent (*1) compound (*2) compound (*3)
Example 18  Liquid crystal alignment Polysiloxane — — — —

treating agent (13) solution (1)
Example 19 Liquid crystal alignment Polysiloxane — — — —

treating agent (13) solution (1)
Example 20 Liquid crystal alignment Polysiloxane — N1 (§) M1 (20) —

treating agent (14) solution (2)
Example 21  Liquid crystal alignment Polysiloxane — — — —

treating agent (15) solution (3)
Example 22 Liquid crystal alignment Polysiloxane — — — —

treating agent (16) solution (4)

TABLE 17
Specific  Specific Specific

Liquid crystal alignment Specific generating adhesion crosslinkable

treating agent polymer Polymer agent (*1) compound (*2) compound (*3)
Comparative Liquid crystal alignment — Polyamic acid — — —
Example 1  treating agent (17) solution (11)
Comparative Liquid crystal alignment — Polyamic acid — — —
Example 2 treating agent (17) solution (11)
Comparative Liquid crystal alignment — Polyimide — — —
Example 3 treating agent (18) powder (12)
Comparative Liquid crystal alignment — Polyimide — — —
Example 4  treating agent (18) powder (12)
Comparative Liquid crystal alignment Polyamic acid — — — —
Example 5 treating agent (3) solution (2)
Comparative Liquid crystal alignment Polyamic acid — — — —
Example 6  treating agent (3) solution (2)
Comparative Liquid crystal alignment Polyimide — — — —
Example 7 treating agent (4) powder (3)
Comparative Liquid crystal alignment Polyimide — — — —
Example 8  treating agent (4) powder (3)
Comparative Liquid crystal alignment Polysiloxane = — — — —
Example 9 treating agent (13) solution (1)
Comparative Liquid crystal alignment Polysiloxane — — — — —
Example 10  treating agent (13) solution (1)

(*1): shows the content (parts by mass) of the specific generating agent to100 parts by mass of all polymers.
(*2): shows the content (parts by mass) of the specific adhesion compound to 100 parts by mass of all polymers.
(*3): shows the content (parts by mass) of the specific crosslinkable compound to 100 arts by mass of all polymers.

TABLE 18

Optical properties

Transmittance (%)

Constant
temperamre and
humidity Scattering properties
(standard Constant
Liquid crystal alignment Liquid crystal test/emphasized ~ Ultraviolet temperature  Ultraviolet
treating agent composition Initial test) rays  Initial and humidity rays
Example 1 Liquid crystal alignment Liquid crystal 85.3 76.3/72.8 83.0  Good Good Good

treating agent (1) composition (2)
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TABLE 18-continued

Liquid crystal alignment

Liquid crystal

Optical properties

Transmittance (%)

Constant
temperamre and
humidity

(standard
test/emphasized

Ultraviolet

Scattering properties

Constant
temperature

Ultraviolet

treating agent composition Initial test) rays  Initial and humidity rays
Example 2 Liquid crystal alignment TLiquid crystal 85.6 81.8/80.9 839  Good Good Good
treating agent (2) composition (2)
Example 3 Liquid crystal alignment Ligquid crystal 88.3 85.1/84.0 871  Good Good Good
treating agent (2) composition (3)
Example 4 Liquid crystal alignment Liquid crystal 84.7 76.0/— 824  Good Good Good
treating agent (3) composition (1)
Example 5 Liquid crystal alignment Ligquid crystal 84.9 76.1/72.7 825  Good Good Good
treating agent (4) composition (1)
Example 6  Liquid crystal alignment Liquid crystal 85.2 76.2/72.9 828  Good Good Good
treating agent (5) composition (1)
Example 7  Liquid crystal alignment Liquid crystal 88.3 79.0/75.3 857  Good Good Good
treating agent (5) composition (2)
Example 8  Liquid crystal alignment Liquid crystal 88.5 79.3/76.3 86.6  Good Good Good
treating agent (5) composition (3)
Example 9 Liquid crystal alignment Liquid crystal 88.7 85.5/— 875  Good Good Good
treating agent (6) composition (5)
Example 10 Liquid crystal alignment Liquid crystal 88.3 85.1/— 870  Good Good Good
treating agent (7) composition (4)
Example 11  Liquid crystal alignment Liquid crystal 88.4 83.2/— 865 Good Good Good
treating agent (8) composition (3)
TABLE 19
Optical properties
Transmittance (%)
Constant
temperamre and
humidity Scattering properties
(standard Constant
Liquid crystal alignment Liquid crystal test/emphasized  Ultraviolet temperature  Ultraviolet
treating agent composition Initial test) rays  Initial and humidity rays
Example 12 Liquid crystal alignment Liquid crystal 88.7 85.4/— 873  Good Good Good
treating agent (9) composition (3)
Example 13 Liquid crystal alignment Liquid crystal 88.2 83.1/— 868  Good Good Good
treating agent (10) composition (4)
Example 14 Liquid crystal alignment Liquid crystal 85.7 82.0/81.0 840  Good Good Good
treating agent (11) composition (2)
Example 15 Liquid crystal alignment Liquid crystal 88.4 85.5/84.2 873  Good Good Good
treating agent (11) composition (3)
Example 16 Liquid crystal alignment Liquid crystal 88.7 85.8/84.4 874  Good Good Good
treating agent (11) composition (3)
Example 17 Liquid crystal alignment Liquid crystal 83.0 72.5/69.8 788  Good Good Good
treating agent (12) composition (1)
Example 18  Liquid crystal alignment Liquid crystal 86.1 77.4/73.8 839  Good Good Good
treating agent (13) composition (2)
Example 19 Liquid crystal alignment Liquid crystal 88.8 80.5/76.8 872  Good Good Good
treating agent (13) composition (3)
Example 20  Liquid crystal alignment Liquid crystal 89.0 80.8/— 874  Good Good Good
treating agent (14) composition (5)
Example 21  Liquid crystal alignment Ligquid crystal 88.0 79.7/— 865 Good Good Good
treating agent (15) composition (4)
Example 22 Liquid crystal alignment Liquid crystal 84.1 76.5/73.7 832  Good Good Good

treating agent (16)

composition (2)
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TABLE 20
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Optical properties

Transmittance (%)

Constant

temperature and

Scattering properties

Constant

Liquid crystal alignment Liquid crystal humidity Ultraviolet temperature  Ultraviolet

treating agent composition Initial  (standard test) rays Initial and humidity = rays
Comparative Liquid crystal alignment Liquid crystal *1 *1 *1 *1 *1 *1
Example 1  treating agent (17) composition (1)
Comparative Liquid crystal alignment Ligquid crystal *1 *1 *1 *1 *1 *1
Example 2 treating agent (17) composition (6)
Comparative Liquid crystal alignment Liquid crystal *1 *1 *1 *1 *1 *1
Example 3 treating agent (18) composition (1)
Comparative Liquid crystal alignment Ligquid crystal *1 *1 *1 *1 *1 *1
Example 4  treating agent (18) composition (6)
Comparative Liquid crystal alignment Ligquid crystal 69.5 59.8 66.9 Good *4 *3
Example 5 treating agent (3) composition (1)
Comparative Liquid crystal alignment Ligquid crystal 67.2 59.9 65.0 Good *3 *2
Example 6  treating agent (3) composition (6)
Comparative Liquid crystal alignment Ligquid crystal 69.7 60.0 673 Good *4 *3
Example 7 treating agent (4) composition (1)
Comparative Liquid crystal alignment Liquid crystal 67.6 60.5 65.5 Good *3 *2
Example 8  treating agent (4) composition (6)
Comparative Liquid crystal alignment Ligquid crystal 70.9 61.1 68.1 Good *4 *3
Example 9 treating agent (13) composition (1)
Comparative Liquid crystal alignment Ligquid crystal 65.3 58.3 63.2 Good *3 *2
Example 10 treating agent (13) composition (6)

*1: The liquid crystal was not aligned vertically.
*2: At very limited locations in the device, disturbance in the liquid crystal alignment was observed.

*3: At several locations in the device, disturbance in the liquid crystal alignment was observed (the number of locations was larger than *2).
*4: In the device, disturbance in the liquid crystal alignment was observed (the number of locations was larger than *3).

TABLE 21

TABLE 21-continued

Liquid crystal
alignment
treating agent

Adhesion

Constant
temperature
and humidity

Liquid crystal (standard test/

Ultra-

Example

Example

Example

Example

Example

Example

Example

Example

Example

Liquid crystal
alignment treating
agent (1)

Liquid crystal
alignment treating
agent (2)

Liquid crystal
alignment treating
agent (2)

Liquid crystal
alignment treating
agent (3)

Liquid crystal
alignment treating
agent (4)

Liquid crystal
alignment treating
agent (5)

Liquid crystal
alignment treating
agent (5)

Liquid crystal
alignment treating
agent (5)

Liquid crystal
alignment treating
agent (6)

composition emphasized test)
Liquid crystal Good/*3
composition (2)

Liquid crystal Good/*2
composition (2)

Liquid crystal Good/Good
composition (3)

Liquid crystal Good/—
composition (1)

Liquid crystal Good/*3
composition (1)

Liquid crystal Good/*3
composition (1)

Liquid crystal Good/*3
composition (2)

Liquid crystal Good/*2
composition (3)

Liquid crystal Good/—

composition (5)

Adhesion

Liquid crystal

Constant
temperature

and humidity

Ultra-

violet alignment Liquid crystal (standard test/  violet
1ays treating agent composition emphasized test) rays
Good Example  Liquid crystal Liquid crystal Good/— Good
10 alignment treating composition (4)
agent (7)
Good Example Liquid crystal Liquid crystal Good/— Good
11 alignment treating composition (3)
Good agent (8)
Good
TABLE 22
Good Adhesion
Constant
temperature
Good Liquid crystal and humidity =~ Ultra-
alignment Liquid crystal (standard test/  violet
treating agent composition emphasized test) rays
Good
Example  Liquid crystal Liquid crystal Good/— Good
12 alignment treating composition (5)
Good az‘?’enF ©) -
Example  Liquid crystal Liquid crystal Good/— Good
13 alignment treating composition (4)
agent (10)
Good Example  Liquid crystal Liquid crystal Good/*2 Good
14 alignment treating composition (2)

agent (11)



US 2017/0343840 A1l

Nov. 30,2017

TABLE 22-continued TABLE 23-continued
Adhesion Adhesion
Constant Constant
onstan Liquid crystal temperature  Ultra-
o tempera?u.ll‘e alignment Liquid crystal and humidity  violet
Liquid crystal and humidity ~ Ultra- treating agent composition (standard test) rays
alignment Liquid crystal (standard test/  violet
treating agent composition emphasized test) rays Comparative Liquid crystal Liquid crystal 2 2
Example 10  alignment treating composition (6)
Example Liquid crystal Liquid crystal Good/Good  Good agent (13)
15 aligument tresting composition (3) *1: Since the liquid crystal was not aligned vertically, no evaluation was possible.
agent (11) *2: A very small amount of air bubbles was observed in the device.
Example Liquid crystal Liquid crystal Good/Good  Good *3: A small amount (more than *2) of air bubbles was observed in the device.
16 alignment treating composition (5) *4: A lot (more than *3) of air bubbles was observed in the device.
aent (1) 0334] As is evident from the above, the liquid crystal
Example  Liquid crystal Liquid crystal Good/*4 Good [ I S, 1 e,Vl et trom the above, the lqm, crysta
. . I display devices in Examples were, as compared with Com-
17 alignment treating composition (1) ! . X ! T
agent (12) parative Examples, good in optical Propertles, Le. 1 trans-
Example  Liquid crystal Liquid erystal Good/*3 Good parency when no voltage was applied, at the initial st.age,
18 alignment treating composition (2) after the storage in the. constant temperature and humidity
agent (13) tank and after the irradiation with ultraviolet rays, and also
Example Liquid crystal  Liquid crystal Good/*2 Good high in adhesion between the liquid crystal layer and the
19 alignment treating composition (3) liquid crystal alignment film. These properties were good
agent (13) also when plastic substrates were used as the substrates in
Example  Liquid crystal Liquid crystal Good/— Good the hqu]d crystal display device.
20 alignment treating composition (5) [0335] In particular, in Examples using the specific ultra-
agent (14) violet irradiation apparatus, as compared with in Compara-
Example  Liquid erystal  Liquid crystal Good/—  Good tive Examples using the metal halide type ultraviolet irra-
21 alignment treafing composition (4) diation apparatus, transparency of the liquid crystal display
agent (15) device when no voltage was applied, was high, and scatter-
o - " 2 pp 2
f:mple Llllqmd erystal - Liguid ery Stalz; Good/™4 Good ing properties after storage in the constant temperature and
- alignment treating. composition (2) humidity tank and after irradiation with ultraviolet rays were
agent (16) X . .
excellent, specifically in comparisons between Example 4
and Comparative Example 5, between Example 5 and Com-
parative Example 7, and between Example 18 and Com-
TABLE 23 parative Example 9, under the same conditions.
[0336] In Examples containing a specific compound in the
Adhesion liquid crystal composition, as compared with Comparative
Constant Examples containing no specific compound, transparency of
Liquid erystal temperature  Ultra- the .hquld crystal dl.splay deylce Whe.n no Yoltage was
alignment Liquid crystal ~ and humidity ~ violet applied, became particularly high, specifically in compari-
treating agent  composition (stendard test)  rays sons between Example 4 and Comparative Example 6,
Comparative Liquid crystal  Liquid crystal 5] *1 between Example 5 and Comparative Example 8, and
Example 1 alignment treating composition (1) between Example 18 and Comparative Example 10, under
agent (17) the same conditions.

1 1 1 1 1 ® * . . . .
Comparative  Liquid erystal —  Liquid crystal 1 1 [0337] In Comparative Examples using a liquid crystal
Example 2 alignment treating composition (6) . . L .

agent (17) alignment treating agent containing a polymer not contain-
Comparative Liquid crystal — Liquid erystal *] 51 ing the specific side chain structure (1), the liquid crystal
Example 3 alignment treating composition (1) was not vertically aligned, specifically in Comparative
_ agent (13) o Examples 1 to 4.
Comparative Liquid crystal Liquid crystal #1 *1 .
Example 4  alignment tresting composition (6) [0338] . In.a case where the amount of a specific compound
agent (18) in the liquid crystal composition was large, as compared
Comparative Liquid crystal — Liquid erystal 3 *2 with a case where it was less, transparency of the liquid
Example 3 zgeg'l‘;ﬁ‘;l;t treating composition (1) crystal display device when no voltage was applied, became
Comparative Liquid crystal  Liquid crystal %) %7 high, specifically in a c‘o%npan'son between Examples 6 and
Example 6  alignment treating composition (6) 7 under the same conditions.

o agent 3) o [0339] Further, in a case where in the liquid crystal com-
Comparative Liquid crystal Liquid crystal *3 *2 ) . .

) . o position, a polyfunctional thiol compound and urethane

Example 7  alignment treating composition (1) X N
agent (4) acrylate were incorporated, as compared with a case where
Comparative Liquid crystal Liquid crystal Y] ) they were not incorporated, adhesion between the liquid
e ahgnm(zl;t predtin compostion (0 crystal layer and the liquid crystal alignment film in the
agent . . . . . _
Comparative Liquid crystal Liquid crystzl 3 * llquld crysta] dlsp!ay device became more improved, spe
Example 9 alignment treating composition (1) cifically in comparisons between Example 7 and Example 8,

agent (13)

between Example 14 and Example 15, and between
Example 18 and Example 19.
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[0340] Among the specific side chain structures, in the
case of using a diamine having a structure of the formula
[2-1], as compared with the case of using a diamine having
a structure of the formula [2-2], transparency of the liquid
crystal display device when no voltage was applied, became
high, and also after storage in a constant temperature and
humidity tank for a long time, as was conducted in the
emphasized test, transparency when no voltage was applied,
became high. Further, in the evaluation of adhesion between
the liquid crystal layer and the liquid crystal alignment film,
in the case of using a diamine having a structure of the
formula [2-1], such adhesion became high even after storage
in a constant temperature and humidity tank for a long time,
as conducted by the emphasized test, specifically in com-
parisons between Example 5 and Example 17 and between
Example 18 and Comparative Example 22, under the same
conditions.

[0341] Further, in a case where in the liquid crystal align-
ment treating agent, a specific generating agent, a specific
adhesion compound and a specific crosslinkable compound
were incorporated, as compared with the case where they
were not incorporated, such a result was obtained that
adhesion between the liquid crystal layer and the liquid
crystal alignment film in the liquid crystal display device
was further improved, specifically, in a comparison between
Example 1 and Example 2, under the same conditions.

INDUSTRIAL APPLICABILITY

[0342] The liquid crystal display device of the present
invention (the present device) is useful for a liquid crystal
display for the purpose of display, and further, for a dimming
window or a light shutter element for controlling the trans-
mission and blocking of light.

[0343] The present device is suitable for use as a liquid
crystal display device to be used in transportation equipment
or machines, such as automobiles, railways, aircrafts, etc.,
specifically suitable for use as a light shutter device, etc. to
be used for a dimming window or a room mirror to control
transmission and blocking of light. In particular, the present
device has good transparency when a voltage is not applied
and good scattering properties when a voltage is applied, and
in a case where the present device is used on a glass window
of a vehicle, the efficiency for intaking light at night time
will be high, and the effect of preventing the glare from
ambient light will be also high. Therefore, the safety and ride
comfort at the time of driving a vehicle, can be further
improved. Further, in a case where the present device is
made of a film, and used as bonded on a vehicle glass
window, as compared with a conventional reverse device,
failure or deterioration caused by low adhesion between the
liquid crystal layer and the liquid crystal alignment film is
less likely to occur, whereby the reliability of the device will
be high.

[0344] Furthermore, the present device is useful as a light
guide plate for a display device such as LCD, OLED, etc.,
or as a back plate for a transparent display. Specifically, in
a case where it is used as a back plate for a transparent
display, when the transparent display and the present device
are combined to carry out a screen display on the transparent
display, it is possible to prevent entering of light from the
back. The present device becomes a scattering state when a
voltage is applied at the time of performing a screen display
on the transparent display, whereby it is possible to sharpen
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the image display, and after the screen display is finished, it
becomes a transparent state under no application of a
voltage.

[0345] The entire disclosure of Japanese Patent Applica-
tion No. 2014-227294 filed on Nov. 7, 2014 including
specification, claims, drawings and summary is incorporated
herein by reference in its entirety.

REFERENCE SYMBOLS

[0346] 1, 2: specific ultraviolet irradiation apparatus, 2:
light-emitting section, 3: power supply unit, 4: sensor,
5: control unit, 6, 7: flexible cord, 8: transmission path,
2a, 2b: light-emitting section, 3: power supply unit, 4«,
4b: sensor, 5: control unit, 8: transmission path, 9a, 95:
cable, 10q, 105: cable

1. A liquid crystal display device having a liquid crystal
layer formed by disposing a liquid crystal composition
containing a liquid crystal and a polymerizable compound
between a pair of substrates provided with electrodes and
irradiating and curing the composition with ultraviolet rays
by an ultraviolet irradiation apparatus, and at least one of the
substrates being provided with a liquid crystal alignment
film to vertically align a liquid crystal, wherein the ultra-
violet irradiation apparatus is an ultraviolet irradiation appa-
ratus capable of controlling the irradiation light intensity and
wavelength of the ultraviolet rays to be irradiated and the
surface temperature of the pair of the substrates, said liquid
crystal composition contains a compound represented by the
following formula [1], and said liquid crystal alignment film
is a liquid crystal alignment film obtained from a liquid
crystal alignment treating agent containing a polymer having
a side chain structure represented by the following formula
[2-1] or formula [2-2]:

7l W2 3 A x5t 7 8
X=X ==X =X =X~ XX

wherein

X! is at least one selected from the group consisting of the
following formula [1-a] to formula [1-g],

X is at least one bond group selected from the group

consisting of a single bond, —O—, —NH—,
~ N(CH,)—, —CH,0—, —CONH—, —NHCO,
—CON(CH,)—, —N(CH;)CO—, —COO— and
—0CO—,

X? is a single bond or —(CH,),—, wherein a is an integer
of from 1 to 15,

X* is at least one bond group selected from the group
consisting of a single bond, —O—, —OCH,—,
—CO0O— and —OCO—,

X° is a benzene ring, a cyclohexane ring or a C,,.s,
divalent organic group having a steroid skeleton,

X® is at least one bond group selected from the group
consisting of a single bond, —O—, —OCH,—,
—CH,0—, —CO0O— and —OCO—,

X7 is a benzene ring or a cyclohexane ring, wherein any
optional hydrogen atom on the cyclic group of said X°
or X7 may be substituted by a C, , alkyl group, a C, 5
alkoxy group, a C,_; fluorinated alkyl group, a C, 4
fluorinated alkoxy group or a fluorine atom,
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p is an integer of from 0 to 4, and

X% is at least one selected from the group consisting of a
C, 5 alkyl group, a C,_,5 alkenyl group, a C, ¢ fluo-
rinated alkyl group, a C, ,, alkoxy group and a C,_j,
fluorinated alkoxy group,

[1-2]

C o)
Z -
HC \C| ~
0
[1-b]
I
C 0
m,c? \ﬁ/ ~
0
[1-c]
51
C
H,C
[1-d]
[1-¢]
[1-1]
. [1-¢]
X
x¢”
)i |
C¢C\
H
wherein

X4 is a hydrogen atom or a benzene ring,

X% is at least one cyclic group selected from the group
consisting of a benzene ring, a cyclohexane ring and a
heterocyclic ring, and

X is at least one selected from the group consisting of a
C, .15 alkyl group, a C, |, fluorinated alkyl group, a
C, ;s alkoxy group and a C, , fluorinated alkoxy
group,
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(2-1]
1 2 3 4 5 6
Y=Y =V =Yy —Y

wherein

Y' is at least one bond group selected from the group
consisting of a single bond, —(CH,),,, wherein a is an
integer of from 1 to 15, —O—, —CH,0—,
—CONH—, —NHCO—, —CON(CH,)—, —N(CH,)
CO—, —COO— and —OCO—,

Y? is a single bond or —(CH,),—, wherein b is an integer
of from 1 to 15,

Y? is at least one selected from the group consisting of a
single bond, —(CH,),—, wherein ¢ is an integer of
from 1 to 15, —O0—, —CH,0—, —COO— and
—0CO—,

Y* is at least one divalent cyclic group selected from the
group consisting of a benzene ring, a cyclohexane ring
and a heterocyclic ring, or a C,,5, divalent organic
group having a steroid skeleton,

Y is at least one divalent cyclic group selected from the
group consisting of a benzene ring, a cyclohexane ring
and a heterocyclic ring, wherein any optional hydrogen
atom on the cyclic group of said Y* or Y> may be
substituted by a C, , alkyl group, a C, 5 alkoxy group,
a C,_; fluorinated alkyl group, a C,_; fluorinated alkoxy
group or a fluorine atom,

n is an integer of from 0 to 4, and

Y? is at least one selected from the group consisting of a
C,_,5 alkyl group, a C,_,, alkenyl group, a C,_,, fluo-
rinated alkyl group, a C,_,, alkoxy group and a C, ;¢
fluorinated alkoxy group,

—y'y® (2-2]
wherein
Y’ is at least one bond group selected from the group
consisting of a single bond, —O—, —CH,0—,

—CONH—, —NHCO—, —CON(CH,)—, —N(CH,)
CO—, —COO— and —OCO—, and
Y®is a Cg 5 alkyl group ora Cy_, s fluorinated alkyl group.
2. The liquid crystal display device according to claim 1,
wherein the ultraviolet irradiation apparatus is constructed
so that a plurality of ultraviolet light emitting diodes are
provided in a light emitting section; the light emitting
section is constructed to be movable to an optional position
in a working space, and so that the directivity angle of the
irradiation light can be freely changed; a sensor for mea-
suring the irradiation light intensity of ultraviolet rays irra-
diated from the ultraviolet light emitting diodes, the bright-
ness at the surface of the object to be treated and the surface
temperature of the object to be treated, is disposed in the
vicinity of the light emitting section; and from the measured
values by the sensor, the irradiation intensity of ultraviolet
rays to the object to be treated, the brightness, and the output
condition of the ultraviolet light emitting diodes required to
bring the temperature to be within a predetermined range,
are calculated and output to a power supply unit,
or the ultraviolet irradiation apparatus has one or a
plurality of light emitting section in which many ultra-
violet light-emitting diodes are aligned in a planar
direction, and is constructed so that planar exposure
can be applied to the object to be treated; a sensor for
measuring the intensity of ultraviolet rays irradiated
from the ultraviolet light emitting diodes, the bright-



US 2017/0343840 A1l

ness at the surface of the object to be treated and the
surface temperature of the object to be treated, is
disposed in the vicinity of the light emitting section;
and from the measured values by the sensor, the irra-
diation intensity of ultraviolet rays to the object to be
treated, the brightness, and the output condition of the
ultraviolet light emitting diodes required to bring the
temperature to be within a predetermined range, are
calculated and output to a power supply unit.

3. The liquid crystal display device according to claim 2,
wherein the irradiation light intensity in the ultraviolet
irradiation apparatus is from 1 to 40 mW/cm?.

4. The liquid crystal display device according to claim 2,
wherein the surface temperature of the object to be treated
at the time of irradiation with ultraviolet rays by using the
ultraviolet irradiation apparatus, is from 15 to 30° C.

5. The liquid crystal display device according to claim 2,
wherein the irradiation time with ultraviolet rays at the time
of irradiation with ultraviolet rays by using the ultraviolet
irradiation apparatus, is from 5 to 120 seconds.

6. The liquid crystal display device according to claim 1,
wherein the compound represented by the formula [1] is at
least one selected from the group consisting of the following
formula [1a-1] to formula [1a-6]:

1a3
H,
HC=( X4C -0 x4
'S
6
[1a-4]
Hz
H,C= C C O
[1a-5]

EH_C_O Fod ps @
semd etiped ) O

wherein
X4 X?, X% X/, X" and X* are each independently a C,_,,
alkyl group or a C,_,4 alkoxy group,

X¢ and X' are each independently —O—, —COO— or
—0CO—,
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X?, X& and X’ are each independently —CH,—, —O—,
—CO0— or —0OCO—,

pl, p3, p5, p7, p8 and p9 are each independently an

integer of from 1 to 12, and

p2, p4 and p6 are each independently an integer of 1 or 2.

7. The liquid crystal display device according to claim 1,
wherein the liquid crystal has a phase transition temperature
of from 40 to 120° C., a refractive index anisotropy (An) of
from 0.150 to 0.350, and a dielectric anisotropy (AE€) of
from -1 to -10.

8. The liquid crystal display device according to claim 1,
wherein the polymerizable compound contained in the liquid
crystal composition contains a polyfunctional thiol com-
pound and an urethane acrylate or urethane methacrylate.

9. The liquid crystal display device according to claim 1,
wherein the liquid crystal composition contains an organic
phosphoric acid compound.

10. The liquid crystal display device according to claim 1,
wherein the liquid crystal alignment treating agent contains
at least one polymer selected from the group consisting of an
acrylic polymer, a methacrylic polymer, a novolak resin, a
polyhydroxystyrene, a polyimide precursor, a polyimide, a
polyamide, a polyester, a cellulose and a polysiloxane.

11. The liquid crystal display device according to claim 1,
wherein the liquid crystal alignment treating agent contains
a polyimide precursor obtained by a reaction of a tetracar-
boxylic acid component and a diamine component contain-
ing a diamine having a side chain structure of the formula
[2-1] or formula [2-2], or a polyimide obtained by imidizing
the polyimide precursor.

12. The liquid crystal display device according to claim
11, wherein the diamine having a side chain structure
represented by the formula [2-1] or formula [2-2] is a
diamine represented by the following formula [2a]:

[2a]

=)

HN——

Tt n
A

wherein Y is a structure represented by the formula [2-1]
or formula [2-2], and m is an integer of from 1 to 4.
13. The liquid crystal display device according to claim
11, wherein the diamine component contains a diamine
having a side chain structure represented by the following
formula [3]:
—WLwWLww [3]
wherein
W! is at least one bond group selected from the group

consisting of a single bond, —O— —NH—,
—N(CH;)—, —CH,0—, —CONH—, —NHCO—,
—CON(CHy)—, —N(CH;)CO—, —COO— and
—0CO—,

W? is a single bond, a C,_ 5 alkylene group or a C ,,
organic group having at least one cyclic group selected
from the group consisting of a benzene ring, a cyclo-
hexane ring and a heterocyclic ring, wherein any
optional hydrogen atom on the cyclic group may be
substituted by a C,_; alkyl group, a C,_; alkoxy group,
a C,_; fluorinated alkyl group or a C,, fluorinated
alkoxy group,
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W? is at least one selected from the group consisting of a

single bond, —O—, —NH—, —N(CH;)—,
—CH,0—, —CONH—, —NHCO—, —CON
(CH,;)—, —N(CH,)CO—, —COO— and —0CO—,
and

W* is at least one selected from the group consisting of
structures represented by the following formula [3-a] to
formula [3-g]:

[3-2]
P
A \ﬁ Ncn,
(6]
[3-b]
P
(0] C
-~ \ﬁ/ \CH
(6]
[3-¢]
H
C
CH,
[3-d]
0O
WA
—N
@)
[3-¢]
(0]
(0]
e CH,
H,
(3]
. [3-g]
%
\VVC
H
C
/ \C
H
wherein

W+ is a hydrogen atom or a benzene ring,

W7 is at least one cyclic group selected from the group
consisting of a benzene ring, a cyclohexane ring and a
heterocyclic group, and

W€ is at least one selected from the group consisting of a
C, 15 alkyl group, a C, |4 fluorinated alkyl group, a
C,.,s alkoxy group and a C, ; fluorinated alkoxy

group.
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14. The liquid crystal display device according to claim
13, wherein the diamine having a side chain structure
represented by the formula [3] is a diamine represented by
the following formula [3a]:

(3a]

K

EN— W),

wherein W is a structure represented by the formula [3],
and q is an integer of from 1 to 4.

15. The liquid crystal display device according to claim
11, wherein the tetracarboxylic acid component is a tetrac-
arboxylic acid component comprising a tetracarboxylic
dianhydride represented by the following formula [5]:

*A
y

o]

AN

wherein 7 is at least one selected from the group con-
sisting of the following formula [5a] to formula [5k]:

[5a]
AR
7z 7
[5b]
[5¢]
[5d]
[5e]
[51]
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-continued
[5g]
)éﬁ
ZG
[5h]
[5i]
j/\[ B

wherein

7! to Z* are each independently at least one selected from
the group consisting of a hydrogen atom, a methyl
group, a chlorine atom and a benzene ring, and

7> and 7° are each independently a hydrogen atom or a

methyl group.

16. The liquid crystal display device according to claim 1,
wherein the liquid crystal alignment treating agent contains
a polysiloxane obtained by poly-condensing an alkoxysilane
represented by the following formula [A1], or a polysilox-
ane obtained by poly-condensing an alkoxysilane repre-
sented by the formula [A1] and an alkoxysilane represented
by the following formula [A2] and/or formula [A3]:

(A1), Si(A%),(0A%), [Al]

wherein

Al is a side chain structure represented by the formula
[2-1] or formula [2-2],

A? is a hydrogen atom or a C, _; alkyl group,

A’isa C,_; alkyl group,

m is an integer of 1 or 2,

n is an integer of from 0 to 2, and
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p is an integer of from 0 to 3, provided that m+n+p is 4,
(B)Si(B?),(0B%), (2]

wherein

B! is a C,.,, organic group having at least one selected
from the group consisting of a vinyl group, an epoxy
group, an amino group, a mercapto group, an isocya-
nate group, a methacryl group, an acryl group, an
ureido group and a cinnamoyl group,

B? is a hydrogen atom or a alkyl group,

B?is a C,_; alkyl group, m is an integer of 1 or 2,

n is an integer of from 1 to 2, and

p is an integer of from O to 3, provided that m+n+p is 4,

(DY),Si(0D )., [A3]

wherein

D' is a hydrogen atom or a C,  alkyl group,
D?is a C,_; alkyl group, and

n is an integer of from 0 to 3.

17. The liquid crystal display device according to claim 1,
wherein the liquid crystal alignment treating agent contains
at least one generating agent selected from the group con-
sisting of a photo-radical generating agent, a photo-acid
generating agent and a photo-base generating agent.

18. The liquid crystal display device according to claim 1,
wherein the liquid crystal alignment treating agent contains
a compound having at least one group selected from the

group consisting of the following formula [b-1] to formula
[b-8]:

[b-1]
o e
-~ \ﬁ/ Nen
0
[b-2]
P
0 C
-~ \ﬁ/ \CH
0
[b-3]
¢
N N,
[b-4]
Bll
O N [0}
[b-5]
7
~
T \
0
[b-6]
0
0
¢ CH,
H
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-continued
[b-7]
| AN
U
F
O
[0}
[b-8]
B

BC
H
Y
H
[¢]

wherein

B“ is a hydrogen atom or a benzene ring,

B is at least one cyclic group selected from the group
consisting of a benzene ring, a cyclohexane ring and a
heterocyclic ring, and

B¢ is at least one selected from the group consisting of a
C,_;5 alkyl group, a C, |5 fluorinated alkyl group, a
C,.1s alkoxy group and a C, ;4 fluorinated alkoxy
group.

19. The liquid crystal display device according to claim 1,
wherein the liquid crystal alignment treating agent contains
a compound having at least one substituent selected from the
group consisting of an epoxy group, an isocyanate group, an
oxetane group, a cyclocarbonate group, a hydroxy group, a
hydroxyalkyl group and a C,_; alkoxyalkyl group.

20. The liquid crystal display device according to claim 1,
wherein the liquid crystal alignment treating agent contains
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at least one solvent selected from the group consisting of
1-hexanol, cyclohexanol, 1,2-ethanediol, 1,2-propanediol,
propylene glycol monobutyl ether, ethylene glycol monobu-
tyl ether, dipropylene glycol dimethyl ether, cyclohexanone,
cyclopentanone and solvents represented by the following
formula [D1] to formula [D3]:

[D1]
OH
CH (0]
ch/ ~o”
H,
[D2]
H
C (0]
HO/ \C/ \DZ
J55)
[D3]
H H, :
C 0) C D
HO/ \C/ \C/ \O/
H, H,

wherein D', D? and D? are each a C,_, alkyl group.

21. The liquid crystal display device according to claim 1,
wherein the liquid crystal alignment treating agent contains
at least one solvent selected from the group consisting of
N-methyl-2-pyrrolidone, N-ethyl-2-pyrrolidone and y-buty-
rolactone.

22. The liquid crystal display device according to claim 1,
wherein the thickness of the liquid crystal layer is from 5 to
20 pm.

23. The liquid crystal display device according to claim 1,
wherein the substrates of the liquid crystal display device are
glass substrates or plastic substrates.

L S S T
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