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ABSTRACT

A liquid crystal alignment agent composition for producing
a liquid crystal alignment film having enhanced alignment
property and stability and a high voltage holding ratio, a
method of producing a liquid crystal alignment film using
the same, and a liquid crystal alignment film and a liquid
crystal display device using the same, are provided.
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LIQUID CRYSTAL ALIGNMENT AGENT
COMPOSITION, METHOD OF PRODUCING
LIQUID CRYSTAL ALIGNMENT FILM
USING THE SAME, AND LIQUID CRYSTAL
ALIGNMENT FILM USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a 35 U.S.C. 371 National Phase
Entry Application from PCT/KR2018/011897, filed Oct. 10,
2018, which claims the benefit of priority from Korean
Patent Application No. 10-2017-0136516 filed on Oct. 20,
2017 with the Korean Intellectual Property Office, the dis-
closures of which are incorporated herein by reference in
their entirety.

TECHNICAL FIELD

[0002] The present invention relates to a liquid crystal
alignment agent composition for producing a liquid crystal
alignment film having enhanced liquid crystal alignment
property and stability and a high voltage holding ratio, a
method of producing a liquid crystal alignment film using
the same, and a liquid crystal alignment film and a liquid
crystal display device using the same.

BACKGROUND ART

[0003] In a liquid crystal display device, a liquid crystal
alignment film plays a role in aligning liquid crystals in a
predetermined direction. Specifically, the liquid crystal
alignment film serves as a director in the arrangement of
liquid crystal molecules, and when the liquid crystals move
by an electric field to form an image, the liquid crystal
alignment film helps the liquid crystals take an appropriate
direction. In order to obtain uniform brightness and a high
contrast ratio in a liquid crystal display device, it is essential
for the liquid crystals to be uniformly aligned.

[0004] As one of conventional methods of aligning liquid
crystals, a rubbing method of applying a polymer film such
as polyimide onto a substrate such as glass, etc. and rubbing
the surface thereof in a predetermined direction with a fiber
such as nylon or polyester has been used. However, in the
rubbing method, when the fiber and the polymer film are
rubbed, fine dust or electrical discharge (ESD) may occur,
which may cause serious problems during production of a
liquid crystal panel.

[0005] In order to solve the problems of the rubbing
method, recent studies have been conducted on a photo-
alignment method in which anisotropy is induced in the
polymer film not through friction but through light irradia-
tion to align liquid crystals.

[0006] A variety of materials have been suggested as
materials that may be used in the photo-alignment method.
Among them, a polyimide is mainly used for good perfor-
mances of the liquid crystal alignment film. However, the
polyimide is generally poor in solvent solubility, and there-
fore it is difficult to directly apply it in a process of forming
an alignment film by coating with a solution state of the
polyimide. For this reason, a precursor form such as a
polyamic acid or a polyamic acid ester with excellent
solubility is coated and subjected to a high heat treatment
process to form the polyimide, which is then subjected to
light irradiation for alignment.
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[0007] However, a lot of energy is required to obtain
sufficient liquid crystal alignment by light irradiation of the
polyimide film. Accordingly, there are limitations that it is
difficult to secure productivity in practice and an additional
heat treatment process is needed to obtain alignment stabil-
ity after light irradiation.

[0008] In addition, a high voltage holding ratio (VHR) is
required for high-quality operation of a liquid crystal display
device, but there is a limit to achieving the high voltage
holding ratio by using the polyimide alone. Particularly, in
recent years, as a demand for a lower power display has
increased, the liquid crystal alignment agent was found to
affect not only basic properties such as the alignment prop-
erty of liquid crystals, but also electrical properties such as
an afterimage generated by a direct current/alternating volt-
age and the voltage holding ratio. Thus, there is a growing
need for the development of a liquid crystal alignment
material capable of simultaneously realizing excellent liquid
crystal alignment and electrical properties.

[0009] Accordingly, there is a need to develop a novel
liquid crystal alignment agent having excellent liquid crystal
alignment and electrical properties under high temperature
environments to improve performance of a liquid crystal
display device and to realize a lower power display.

DETAILED DESCRIPTION OF THE
INVENTION

Technical Problem

[0010] The present invention provides a liquid crystal
alignment agent composition having excellent alignment
property and stability as well as having enhanced electrical
properties such as a voltage holding ratio under high tem-
perature environments.

[0011] Further, the present invention provides a method of
producing a liquid crystal alignment film using the liquid
crystal alignment agent composition.

[0012] Furthermore, the present invention provides a lig-
uid crystal alignment film produced by the production
method and a liquid crystal display device including the
liquid crystal alignment film.

Technical Solution

[0013] The present invention provides a liquid crystal
alignment agent composition including; a polymer for a first
liquid crystal alignment agent including two or more repeat-
ing units selected from the group consisting of a repeating
unit represented by the following Chemical Formula 1, a
repeating unit represented by the following Chemical For-
mula 2, and a repeating unit represented by the following
Chemical Formula 3, wherein the repeating unit represented
by the following Chemical Formula 1 is included in an
amount of 5 mol % to 74 mol % with respect to a total of the
repeating units represented by the following Chemical For-
mulae 1 to 3; and a polymer for a second liquid crystal
alignment agent including one or more repeating units
selected from the group consisting of a repeating unit
represented by the following Chemical Formula 4, a repeat-
ing unit represented by the following Chemical Formula 5,
and a repeating unit represented by the following Chemical
Formula 6:
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[0014] wherein, in Chemical Formulae 1 to 6,

[0015] R', R? R? and R* are each independently hydro-
gen or a C,_,, alkyl, provided that R' and R? are not both
hydrogen, and that R® and R* are not both hydrogen,

[0016] X' is atetravalent organic group represented by the
following Chemical Formula 7:

[Chemical Formula 7]
RS R6

RS R’

[0017] wherein, in Chemical Formula 7,

[0018] R>, R® R, and R® are each independently hydro-
gen or a C, ; alkyl, and
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[0019] X3 X?, X* X°, and X° are each independently a
tetravalent organic group derived from a hydrocarbon hav-
ing 4 to 20 carbon atoms, or a tetravalent organic group
derived from a hydrocarbon having 4 to 20 carbon atoms
wherein one or more of H is substituted with a halogen or
one or more of —CH,— is substituted with —O—,
—CO—, —S8—, —SO0—, —SO,—, or —CONH— to pre-
vent direct binding with oxygen or sulfur atoms in the
tetravalent organic group, and

[0020] in Chemical Formulae 1 to 3,

[0021] Y' to Y? are each independently a divalent organic
group represented by the following Chemical Formula 8:

[Chemical Formula 8]

LNV (N
VTNV

(R9)p (RIO)q
[0022] wherein, in Chemical Formula 8,
[0023] R® and R'° are each independently a halogen, a

cyano, a C,_,, alkyl, a C,_,, alkenyl, a C,_,, alkoxy, a C,_,,
fluoroalkyl, or a C,_,, fluoroalkoxy,

[0024] p and q are each independently an integer of 0 to 4,
[0025] L' is a single bond, —O— —CO—, —S—,
—S0,—, —C(CH;),—, —C(CF;),—, —CONH—,
—C00—, —(CH,)—, —O(CH,).0—, —O(CH,).—
—OCH,—C(CH;),—CH,0—, —COO—(CH,),—
OCO—, or —OCO—(CH,),—COO—, wherein z is an
integer of 1 to 10,

[0026] k and m are each independently an integer of 1 to
3, and
[0027] nis an integer of O to 3, and in Chemical Formulae
4 to 6,
[0028] Z', 77, and Z> are each independently a divalent

organic group represented by the following Chemical For-
mula 9:

[Chemical Formula 9]

ll 2

| N AR, | AQ "

' P A5\ )
[0029] wherein, in Chemical Formula 9,
[0030] A'is an element of Group 15,
[0031] R is hydrogen or a C,_,, alkyl,
[0032] ais an integer of 1 to 3, and
[0033] A2 A% A* and A® are nitrogen or carbon, provided

that at least one of A® to A® is nitrogen and the others are
carbon.

[0034] Hereinafter, a liquid crystal alignment agent com-
position according to a specific embodiment of the present
invention, a method of producing a liquid crystal alignment
film using the same, and a liquid crystal display device
including the liquid crystal alignment film thus produced
will be described in more detail.

[0035] Throughout the specification, when one part
“includes” one constituent element, unless otherwise spe-
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cifically described, this does not mean that another constitu-
ent element is excluded, but means that another constituent
element may be further included.

[0036] As used herein, the term “substituted” means that
a hydrogen atom in a compound is changed to another
substituent, and a position to be substituted is not limited as
long as the position is a position at which the hydrogen atom
is substituted, that is, a position at which the substituent may
be substituted, and when two or more are substituted, the
two or more substituents may be the same as or different
from each other.

[0037] As used herein, the term “substituted or unsubsti-
tuted” means that substitution is performed by one or more
substituent groups selected from the group consisting of
deuterium; a halogen group; a cyano group; a nitro group; a
hydroxyl group; a carbonyl group; an ester group; an imide
group; an amide group; an amino group; a carboxyl group;
a sulfonic acid group; a sulfonamide group; a phosphine
oxide group; an alkoxy group; an aryloxy group; an alkyl-
thioxy group; an arylthioxy group; an alkylsulfoxy group; an
arylsulfoxy group; a silyl group; a boron group; an alkyl
group; a cycloalkyl group; an alkenyl group; an aryl group;
an aralkyl group; an aralkenyl group; an alkylaryl group; an
arylphosphine group; or a heterocyclic group containing at
least one of N, O, and S atoms, or there is no substituent
group, or substitution is performed by a substituent group
where two or more substituent groups of the exemplified
substituent groups are linked, or there is no substituent
group. For example, the term “substituent group where two
or more substituent groups are linked” may refer to a
bipheny! group. That is, the biphenyl group may be an aryl
group, or may be interpreted as a substituent group where
two phenyl groups are connected.

[0038] In the present specification,

or % means a bond connected to another substituent
group, and a direct bond means a case where another atom
does not exist in a portion represented by L' to L°.

[0039] In the present specification, the alkyl group may be
straight-chained or branched, and the number of carbon
atoms thereof is not particularly limited, but is preferably 1
to 10. According to another embodiment, the alkyl group has
1 to 6 carbon atoms. Specific examples of the alkyl group
include methyl, ethyl, propyl, n-propyl, isopropyl, butyl,
n-butyl, isobutyl, tert-butyl, sec-butyl, 1-methyl-butyl,
1-ethyl-butyl, pentyl, n-pentyl, isopentyl, neopentyl, tert-
pentyl, hexyl, n-hexyl, 1-methylpentyl, 2-methylpentyl,
4-methyl-2-pentyl, 3,3-dimethylbutyl, 2-ethylbutyl, heptyl,
n-heptyl, 1-methylhexyl, cyclopentylmethyl, cycloheptylm-
ethyl, octyl, n-octyl, tert-octyl, 1-methylheptyl, 2-ethyl-
hexyl, 2-propylpentyl, n-nonyl, 2,2-dimethylheptyl, 1-ethyl-
propyl, 1,1-dimethyl-propyl, isohexyl, 2-methylpentyl,
4-methylhexyl, 5-methylhexyl, and the like, but are not
limited thereto.

[0040] The fluoroalkyl group having 1 to 10 carbon atoms
may be one in which at least one hydrogen atom in an alkyl
group having 1 to 10 carbon atoms is substituted with
fluorine, and the fluoroalkoxy group having 1 to 10 carbon
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atoms may be one in which at least one hydrogen atom in an
alkoxy group having 1 to 10 carbon atoms is substituted with
fluorine.

[0041] The halogen group may be fluorine (F), chlorine
(C1), bromine (Br), or iodine (I).

[0042] The element of Group 15 may be nitrogen (N),
phosphorus (P), arsenic (As), antimony (Sb), or bismuth
(Bi).

[0043] The nitrogen oxide is a compound in which a
nitrogen atom and an oxygen atom are bonded, and the
nitrogen oxide functional group means a functional group
containing a nitrogen oxide in the functional group.
Examples of the nitrogen oxide functional group include a
nitro group (—NO,) and the like.

[0044] The liquid crystal alignment agent composition
according to the present invention is characterized by
including both of a polymer for a first liquid crystal align-
ment agent which is a partially imidized polyimide precursor
and a polymer for a second liquid crystal alignment agent
which is a polyimide precursor derived from diamine of an
asymmetric pyridine structure.

[0045] When the polyimide is conventionally used as a
liquid crystal alignment film, a polyimide precursor, a
polyamic acid, or a polyamic acid ester having excellent
solubility is coated and dried to form a coating film, and then
converted to polyimide through a high-temperature heat
treatment process, which is then subjected to light irradia-
tion for alignment treatment. However, a lot of light irra-
diation energy is required to obtain sufficient liquid crystal
alignment by light irradiation of the polyimide film, and an
additional heat treatment process is also required to secure
alignment stability after light irradiation. The use of a lot of
light irradiation energy and the additional high-temperature
heat treatment process are very disadvantageous in terms of
process cost and time, and thus there are restrictions in
application of the method to a practical mass-production
process.

[0046] Accordingly, the present inventors found that when
the polymer for the first liquid crystal alignment agent
including two or more repeating units of Chemical Formulae
1 to 3 prepared from a reaction product containing an imide
group-containing diamine compound having a specific
structure is used, imide repeating units that have been
already imidized are included in a predetermined amount,
and thus anisotropy is directly generated by light irradiation
without the high-temperature heat treatment process after
formation of the coating film, and subsequently, heat treat-
ment is performed to complete an alignment film. Accord-
ingly, light irradiation energy may be greatly reduced, and a
liquid crystal alignment film having an enhanced alignment
property and stability may be produced even by a simple
process including a single heat treatment process.

[0047] Further, the present inventors found that when the
polymer for the second liquid crystal alignment agent
including one or more repeating units of Chemical Formulae
4 to 6 prepared from a reaction product containing a nitro-
gen-atom containing diamine compound having a specific
structure, in addition to the polymer for the first liquid
crystal alignment agent, are included in a liquid crystal
alignment agent composition, a liquid crystal alignment film
produced therefrom may have a high voltage holding ratio
even at a high temperature, a reduction in contrast ratio or
an afterimage phenomenon may be improved, and alignment
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stability due to heat stress and mechanical strength of the
alignment film may be improved.

[0048] According to one embodiment of the present inven-
tion, a liquid crystal alignment agent composition including
the polymer for the first liquid crystal alignment agent
including two or more repeating units selected from the
group consisting of the repeating unit represented by Chemi-
cal Formula 1, the repeating unit represented by Chemical
Formula 2, and the repeating unit represented by Chemical
Formula 3, wherein the repeating unit represented by
Chemical Formula 1 is included in an amount of 5 mol % to
74 mol %, with respect to a total of the repeating units
represented by Chemical Formulae 1 to 3; and the polymer
for the second liquid crystal alignment agent including one
or more repeating units selected from the group consisting of
the repeating unit represented by Chemical Formula 4, the
repeating unit represented by Chemical Formula 5, and the
repeating unit represented by Chemical Formula 6, is pro-
vided.

[0049] Specifically, with regard to the polymer for the first
liquid crystal alignment agent and the polymer for the
second liquid crystal alignment agent in the liquid crystal
alignment agent composition according to one embodiment,
in the repeating units of Chemical Formulae 1 to 6, X' is a
tetravalent organic group represented by Chemical Formula
7, and X%, X°, X* X°, and X° are each independently a
tetravalent organic group derived from a hydrocarbon hav-
ing 4 to 20 carbon atoms, or a tetravalent organic group
derived from a hydrocarbon having 4 to 20 carbon atoms
wherein one or more of H is substituted with a halogen or
one or more of —CH,— is substituted with —O—,
—CO—, —S8—, —S0O—, —SO,—, or —CONH— to pre-
vent direct binding with oxygen or sulfur atoms in the
tetravalent organic group.

[0050] For example, X*, X°, X* X°, and X° may each
independently be a tetravalent organic group represented by
the following Chemical Formula 10:

[Chemical Formula 10]

*
* * * *
> >

RIZ R13
*
* *
* *
> >
* *
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[0051] wherein, in Chemical Formula 10,

[0052] R’ RS R’, and R® are each independently hydro-
gen or a C, 4 alkyl,

[0053] R'?and R'? are each independently hydrogen or a
C,.10 alkyl,
[0054] L?is any one selected from the group consisting of

a single bond, —O—, —CO—, —S—, —SO—, —SO,—,

__CR™R'—, —CONH—, —COO—, —(CH,),—
_O(CH,),0—, —COO—(CH,),—O0CO—, —HN—
(CH,),—NH—, —R"N—(CH,),—NR'>—, phenylene,

and combinations thereof, wherein R'* and R'> are each
independently hydrogen, a C, , alkyl,oraC, ,, fluoroalkyl,
and each b is independently an integer of 1 to 10.

[0055] Further, the polymer for the first liquid crystal
alignment agent in the liquid crystal alignment agent com-
position according to one embodiment may include the
repeating units of Chemical Formulae 1 to 3 wherein Y*, Y,
and Y> may each independently be a divalent organic group
represented by Chemical Formula 8.

[0056] In Chemical Formula 8, hydrogen is bound to
carbon which is not substituted with R or R*°, and when p
or q is an integer of 2 to 4, a plurality of R® or R'® may be
the same or different substituents. Further, in Chemical
Formula 8, k and m may each independently be an integer
of 0 to 3, or 1 to 3, and n may be an integer of 0 to 3, or 0
or 1.

[0057] Chemical Formula 8 corresponds to a part of the
repeating unit derived from the imide-containing diamine
having a specific structure which is a precursor used in the
formation of the polymer for the liquid crystal alignment
agent.

[0058] More specifically, Chemical Formula 8 may be the
following Chemical

[0059] Formula 11 or Chemical Formula 12:

[Chemical Formula 11]

)

[Chemical Formula 12]
S L3 4

[0060] wherein, in Chemical Formula 12, L* is a single
bond, —O—, —SO,—, or —CR'°R'’—, wherein R'® and
R'7 are each independently hydrogen or a C,_,, alkyl.
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[0061] Preferably, Chemical Formula 11 may be the fol-
lowing Chemical Formula 11-1:

[Chemical Formula 11-1]

[0062] Further, the Chemical Formula 12 may be the
following Chemical Formula 12-1:

[Chemical Formula 12-1]

-0

[0063] wherein, in Chemical Formula 12-1, L? is O or
CH,.
[0064] Further, the polymer for the second liquid crystal

alignment agent in the liquid crystal alignment agent com-
position according to one embodiment may have repeating
units of Chemical Formulae 4 to 6, wherein Z*, Z*, and Z°>
may each independently be a divalent organic group repre-
sented by Chemical Formula 9. The Z', Z* and Z> may be
defined as the divalent organic group represented by Chemi-
cal Formula 4 to provide a polymer for a liquid crystal
alignment agent having various structures, which may
exhibit the above-descried effects.

[0065] In Chemical Formula 9, A* may be an element of
Group 15, and the element of Groups 15 may be nitrogen
(N), phosphorus (P), arsenic (As), antimony (Sb), or bismuth
(Bi). The R is a functional group binding to A’, and may
bind to the A' element by a number represented by a.
Preferably, in Chemical Formula 9, A' may be nitrogen, R**
may be hydrogen, and a may be 1.

[0066] On the other hand, by satistying the condition that
in Chemical Formula 9, at least one of A® to A® is nitrogen
and the others are carbon, Chemical Formula 9 may form an
asymmetric structure which does not form symmetry with
respect to the center point or the center line due to the
nitrogen atom. Chemical Formula 9 is a repeating unit
derived from a nitrogen atom-containing diamine having a
specific structure, which is a precursor used for the forma-
tion of the polymer for the liquid crystal alignment agent,
and this is considered to be due to the use of an asymmetric
diamine as described later.

[0067] The functional group represented by Chemical
Formula 9 has a structural feature in which two aromatic
cyclic compounds, preferably, a heteroaromatic cyclic com-
pound and an aromatic cyclic compound, are bound through
a secondary amine group or a tertiary amine group. There-
fore, the liquid crystal alignment agent may satisfy an
equivalent level or more of alignment property or afterimage
property and may have an improved voltage holding ratio,
thereby realizing excellent electrical properties.

[0068] On the other hand, when two aromatic cyclic
compounds are bound by a single bond without a secondary
amine group or a tertiary amine group, there are technical
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problems in that the alignment property of the liquid crystal
alignment agent becomes poor, and the voltage holding ratio
is relatively reduced.

[0069] Further, in the case where neither of the two
aromatic cyclic compounds bound through a secondary
amine group or a tertiary amine group contain a nitrogen
atom, even if the imidization reaction of the polyamic acid
or the polyamic acid ester formed by the reaction of amine
and acid anhydride proceeds (e.g., via 230° C. heat treat-
ment), a sufficient imidization reaction does not proceed,
and thus there is a limitation in that an imidization rate
decreases within the final liquid crystal alignment film.
[0070] Further, the functional group represented by
Chemical Formula 11 is characterized in that only the amine
group and hydrogen are bound to each of two aromatic
cyclic compounds, preferably, the heteroaromatic cyclic
compound and the aromatic cyclic compound, and other
substituents are not introduced. When a substituent such as
a fluoroalkyl group is introduced into the heteroaromatic
cyclic compound or the aromatic cyclic compound, there is
a technical problem in that the alignment property deterio-
rates due to the substituent.

[0071] More specifically, in Chemical Formula 9, one of
A? to A may be nitrogen and the others may be carbon. In
Chemical Formula 9, one of A® and A® is nitrogen and the
other is carbon, and A® and A* may be carbon. That is, in
Chemical Formula 9, the aromatic ring containing A* to A®
may have a pyridine structure. Accordingly, the liquid
crystal display device to which the polymer for the liquid
crystal alignment agent of one embodiment is applied may
realize a high voltage holding ratio and liquid crystal align-
ment property.

[0072] Further, Chemical Formula 9 may include one or
more repeating units selected from the group consisting of
the following Chemical Formula 9-1, Chemical Formula
9-2, and Chemical Formula 9-3:

[Chemical Formula 9-1]
Al (Rl l)a AZ

T
A3 /J\
* \A4 *
[Chemical Formula 9-2]
* Al Rll AZ
( )HT S
A3 )\
\A4 *
[Chemical Formula 9-3]
AI(R“)H

A/
Y
A2 J
~4 7

[0073] wherein, in Chemical Formula 9-1, Chemical For-
mula 9-2, and Chemical Formula 9-3, descriptions of A', A®,
A3 A* A° R and a include the above description of
Chemical Formula 9.

[0074] As described above, since the repeating unit of
Chemical Formula 9 includes one or more repeating units
selected from the group consisting of Chemical Formula
9-1, Chemical Formula 9-2, and Chemical Formula 9-3, a
much better liquid crystal alignment property may be real-
ized.
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[0075] The polymer for the first liquid crystal alignment
agent in the liquid crystal alignment agent composition
according to one embodiment may include the repeating unit
represented by Chemical Formula 1 which is an imide
repeating unit, among the repeating units represented by
Chemical Formula 1, Chemical Formula 2, and Chemical
Formula 3, in an amount of 5 mol % to 74 mol %, and
preferably 10 mol % to 60 mol %, with respect to a total of
the repeating units.

[0076] As described above, when the polymer including
the specific amount of the imide repeating unit represented
by Chemical Formula 1 is used, the polymer for the first
liquid crystal alignment agent includes a predetermined
amount of already imidized imide repeating units, and thus
a liquid crystal alignment film having excellent alignment
property and stability may be produced even when the
high-temperature heat treatment process is omitted and light
is directly irradiated.

[0077] If the repeating unit represented by Chemical For-
mula 1 is included at less than the above-mentioned content
range, sufficient alignment properties may not be exhibited
and alignment stability may be deteriorated. If the content of
the repeating unit represented by Chemical Formula 1
exceeds the above-mentioned content range, there is a
problem in that the solubility is lowered and thus it is
difficult to prepare a stable alignment solution capable of
coating. Accordingly, it is preferable to include the repeating
unit represented by Chemical Formula 1 within the above-
mentioned content range, in terms of providing a polymer
for a liquid crystal alignment agent having excellent storage
stability, electrical properties, alignment properties, and
alignment stability.

[0078] Further, the repeating unit represented by Chemical
Formula 2 or the repeating unit represented by Chemical
Formula 3 may be included in an appropriate amount
depending on the desired properties.

[0079] Specifically, the repeating unit represented by
Chemical Formula 2 may be included in an amount of 0 mol
% to 40 mol %, preferably 0 mol % to 30 mol %, with
respect to a total of the repeating units represented by
Chemical Formulas 1 to 3. The repeating unit represented by
Chemical Formula 2 has a low rate of conversion to imide
during a high-temperature heat treatment process after light
irradiation, and therefore, if the amount exceeds the above
range, the overall imidization rate is insufficient, thereby
deteriorating the alignment stability. Accordingly, the
repeating unit represented by Chemical Formula 2 exhibits
appropriate solubility within the above-mentioned range,
thereby providing a polymer for a liquid crystal alignment
agent which may implement a high imidization rate while
having excellent processing properties.

[0080] Furthermore, the repeating unit represented by
Chemical Formula 3 may be included in an amount of 0 mol
% to 95 mol %, and preferably 10 mol % to 90 mol %, with
respect to a total of the repeating units represented by
Chemical Formulae 1 to 3. Within such a range, excellent
coating properties may be exhibited, thereby providing a
polymer for a liquid crystal alignment agent which may
implement a high imidization rate while having excellent
processing properties.

[0081] Meanwhile, the polymer for the second liquid
crystal alignment agent in the liquid crystal alignment agent
composition according to one embodiment may include the
repeating unit represented by Chemical Formula 4 which is
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an imide repeating unit, among the repeating units repre-
sented by Chemical Formula 4, Chemical Formula 5, and
Chemical Formula 6, in an amount of 0 mol % to 80 mol %,
and preferably 0.1 mol % to 65 mol %, with respect to a total
of the repeating units.

[0082] As described above, when the polymer including
the specific amount of the imide repeating unit represented
by Chemical Formula 4 is used, the polymer includes a
predetermined amount of already imidized imide repeating
units, and thus a liquid crystal alignment film having excel-
lent alignment property and stability may be produced even
when the high-temperature heat treatment process is omitted
and light is directly irradiated.

[0083] If the repeating unit represented by Chemical For-
mula 4 is included at less than the above-mentioned content
range, sufficient alignment properties may not be exhibited
and alignment stability may be deteriorated. If the content of
the repeating unit represented by Chemical Formula 4
exceeds the above-mentioned content range, there is a
problem in that the solubility is lowered and thus it is
difficult to prepare a stable alignment solution capable of
coating. Accordingly, it is preferable to include the repeating
unit represented by Chemical Formula 4 within the above-
mentioned content range, in terms of providing a polymer
for a liquid crystal alignment agent having excellent storage
stability, electrical properties, alignment properties, and
alignment stability.

[0084] Further, the repeating unit represented by Chemical
Formula 5 or the repeating unit represented by Chemical
Formula 6 may be included in an appropriate amount
depending on the desired properties.

[0085] Specifically, the repeating unit represented by
Chemical Formula 5 may be included in an amount of 0 mol
% to 50 mol %, preferably 0.1 mol % to 30 mol %, with
respect to a total of the repeating units represented by
Chemical Formulae 4 to 6. The repeating unit represented by
Chemical Formula 5 has a low rate of conversion to imide
during a high-temperature heat treatment process after light
irradiation, and therefore, if the amount exceeds the above
range, the overall imidization rate is insufficient, thereby
deteriorating the alignment stability. Accordingly, the
repeating unit represented by Chemical Formula 5 exhibits
appropriate solubility within the above-mentioned range,
thereby providing a polymer for a liquid crystal alignment
agent which may implement a high imidization rate while
having excellent processing properties.

[0086] Furthermore, the repeating unit represented by
Chemical Formula 6 may be included in an amount of 10
mol % to 100 mol %, and preferably 30 mol % to 99.8 mol
%, with respect to a total of the repeating units represented
by Chemical Formulae 4 to 6. Within such a range, excellent
coating properties may be exhibited, thereby providing a
polymer for a liquid crystal alignment agent which may
implement a high imidization rate while having excellent
processing properties.

[0087] Meanwhile, the liquid crystal alignment agent
composition according to one embodiment may include the
polymer for the first liquid crystal alignment agent and the
polymer for the second liquid crystal alignment agent at a
weight ratio of about 5:95 to about 95:5, and preferably
about 15:85 to about 85:15.

[0088] As described above, the polymer for the first liquid
crystal alignment agent may include a predetermined
amount of already imidized imide repeating units, and thus
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anisotropy is directly generated by light irradiation without
the high-temperature heat treatment process after formation
of the coating film, and subsequently, heat treatment is
performed to complete an alignment film. In addition, the
polymer for the second liquid crystal alignment agent may
include the repeating unit derived from a nitrogen atom-
containing diamine compound having a specific asymmetric
structure, and thus a high voltage holding ratio may be
obtained even at a high temperature, and a reduction in a
contrast ratio or an afterimage phenomenon may be
improved, thereby improving electrical properties. When the
polymer for the first liquid crystal alignment agent and the
polymer for the second liquid crystal alignment agent, each
having the above-described characteristics, are used after
being mixed with each other in the above weight ratio,
excellent photoreactive property and liquid crystal align-
ment property of the polymer for the first liquid crystal
alignment agent and the excellent electrical properties of the
polymer for the second liquid crystal alignment agent may
complement each other, and therefore, excellent coating
properties may be exhibited, thereby producing a liquid
crystal alignment film which may implement a high imi-
dization rate while having excellent processing properties,
and may have excellent electrical properties such as an
afterimage generated by the direct current/alternating volt-
age and the voltage holding ratio, and a liquid crystal
alignment film which may have a much better alignment
property and electrical properties at the same time.

[0089] Meanwhile, the polymer for the second liquid
crystal alignment agent in the liquid crystal alignment agent
composition according to one embodiment may further
include one or more repeating units selected from the group
consisting of a repeating unit represented by the following
Chemical Formula 13, a repeating unit represented by the
following Chemical Formula 14, and a repeating unit rep-
resented by the following Chemical Formula 15:

[Chemical Formula 13]

[Chemical Formula 14]

[ 00
*__Zs_§_< §_0ng
XS
R180~< >—§ *
00

00
H
*——ZG—N—< >—OH
X9
H
HO N *
L 00

wherein, in Chemical Formulae 13 to 15,

[Chemical Formula 15]

[0090]

[0091] at least one of R'® and R'? is an alkyl group having
1 to 10 carbon atoms and the other is hydrogen,
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[0092] X7 to X° are each independently a tetravalent
organic group, and

[0093] Z*to Z° are each independently a divalent organic
group represented by the following Chemical Formula 16:

[Chemical Formula 16]

LS
%)

(RZl)qr

i\
\% A\

®),

L

[0094] wherein, in Chemical Formula 16,

[0095] R and R*' are each independently a halogen, a
cyano, a C,_,, alkyl, a C,_,, alkenyl, a C,_,, alkoxy, a C,_,,
fluoroalkyl, or a C,_,, fluoroalkoxy,

[0096] p' and q' are each independently an integer of 0 to
45

[0097] L* is a single bond, —O— —CO—, —S—,
780275 7C(CH3)275 7C(CF3)275 4CONH7;
—CO00—, —(CH,),—, —O(CH,),0—, —O(CH,),—,

—OCH,—C(CH;),—CH,0—, —COO—(CH,),—
OCO—, or —OCO—(CH,),—COO—, wherein each z is
independently an integer of 1 to 10,

[0098] k'and m' are each independently an integer of 0 to
3, and

[0099] n'is an integer of O to 3.

[0100] In Chemical Formula 16, hydrogen may be bound

to carbon which is not substituted with R*° or R*!, and p' and
q' are each independently an integer of O to 4, 1 to 4, or 2 to
4, and when p' or ' is an integer of 2 to 4, a plurality of R*°
or R*! may be the same or different substituents.

[0101] Further, in Chemical Formula 16, k' and m' may
each independently be an integer of 0 to 3, or 1 to 3, and n'
may be an integer of 0 to 3, or 1 to 3.

[0102] More specifically, Chemical Formula 16 may be
the following Chemical Formula 17 or Chemical Formula
18:

[Chemical Formula 17]

[Chemical Formula 18]

[0103]

[0104] L° is a single bond, —O—, —SO,—, or
—CR?**R**—, wherein R*? and R* are each independently
hydrogen or a C,_,, alkyl.

wherein, in Chemical Formula 18,
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[0105] Preferably, the Chemical Formula 17 may be the
following Chemical Formula 17-1:

[Chemical Formula 17-1]

[0106] Further, the Chemical Formula 18 may be the
following Chemical Formula 18-1:

[Chemical Formula 18-1]

-0

[0107] wherein, in Chemical Formula 18-1, L is O or
CH,.
[0108] In Chemical Formulae 13 to 15, X” to X° are each

independently a tetravalent organic group derived from a
hydrocarbon having 4 to 20 carbon atoms, or a tetravalent
organic group derived from a hydrocarbon having 4 to 20
carbon atoms wherein one or more of H is substituted with
a halogen or one or more of —CH,— is substituted with
—0— —CO—, —S8—,—S0—,—S0,—, or —CONH—
to prevent direct binding with oxygen or sulfur atoms in the
tetravalent organic group.

[0109] For example, X’ to X° may each independently
include a tetravalent organic group described in the follow-
ing Chemical Formula 19:

[Chemical Formula 19]

# £
* * *
> >
3 3
* *
* > * >
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RZS RZQ*
*
* *, £ *
*
* *
*
® x * Q O ® or
% L6 *
* *

[0110] wherein, in Chemical Formula 19,

[0111] R**, R**, R*%, and R* are each independently
hydrogen or a C, 4 alkyl,

[0112] R>® and R*® are each independently hydrogen or a
C,_,o alkyl, and

[0113] L°is any one selected from the group consisting of
a single bond, —O—, —CO—, —S—, —SO—, —SO,—,
—CR*R*'—, —COO—, —(CH,),—, —O(CH,),0—,
—CO0O—(CH,),—0CO—, —HN—(CH,),—NH—,
—R3**N—(CH,),—NR>'—, phenylene, and combinations
thereof, wherein R*° and R*" are each independently hydro-
gen, a C, ,, alkyl, or a C,_;, fluoroalkyl, and each b is
independently an integer of 1 to 10.

[0114] In this regard, a molar ratio between one or more
repeating units selected from the group consisting of the
repeating unit represented by Chemical Formula 4, the
repeating unit represented by Chemical Formula 5, and the
repeating unit represented by Chemical Formula 6, and one
or more repeating units selected from the group consisting of
the repeating unit represented by Chemical Formula 13, the
repeating unit represented by Chemical Formula 14, and the
repeating unit represented by Chemical Formula 15, may be
1:100 to 100:1.

[0115] Further, the polymer for the first liquid crystal
alignment agent and the polymer for the second liquid
crystal alignment agent may have a weight average molecu-
lar weight of 1000 g/mol to 200,000 g/mol. The weight
average molecular weight means a weight average molecu-
lar weight in terms of polystyrene measured by a GPC
method. In the process of determining the weight average
molecular weight in terms of polystyrene measured by the
GPC method, a commonly known analyzing device, a
detector such as a refractive index detector or a UV-detector,
and an analytical column may be used. Commonly applied
conditions for temperature, solvent, and flow rate may be
used. Specific examples of the measurement conditions may
include a temperature of 40° C., a mixed solvent of dim-
ethylformamide (DMF)/tetrahydrofuran (THF), and a flow
rate of 0.5 mL/min to 1.0 mL/min.

[0116] On the other hand, according to still another
embodiment of the present invention, a method of producing
a liquid crystal alignment film using the liquid crystal
alignment agent composition as described above is pro-
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vided. The method of producing a liquid crystal alignment
film may include the steps of: coating the liquid crystal
alignment agent composition onto a substrate to form a
coating film (step 1); drying the coating film (step 2);
irradiating the coating film with light immediately after the
drying step to perform an alignment treatment (step 3); and
heat-treating and curing the alignment-treated coating film
(step 4).

[0117] The step 1 is a step of coating the above-described
liquid crystal alignment agent composition onto a substrate
to form a coating film.

[0118] The method of coating the liquid crystal alignment
agent composition onto a substrate is not particularly lim-
ited, and for example, a method such as screen printing,
offset printing, flexographic printing, inkjet printing, etc.
may be used.

[0119] Furthermore, the liquid crystal alignment agent
composition may be those which are dissolved or dispersed
in an organic solvent. Specific examples of the organic
solvent include N,N-dimethylformamide, N,N-dimethylac-
etamide, N-methyl-2-pyrrolidone, N-methylcaprolactam,
2-pyrrolidone, N-ethylpyrrolidone, N-vinylpyrrolidone,
dimethyl sulfoxide, tetramethylurea, pyridine, dimethyl sul-
fone, hexamethyl sulfoxide, y-butyrolactone, 3-methoxy-N,
N-dimethylpropanamide, 3-ethoxy-N,N-dimethylpropana-
mide, 3-butoxy-N,N-dimethylpropanamide, 1,3-dimethyl-
imidazolidinone, ethyl amyl ketone, methyl nonyl ketone,
methyl ethyl ketone, methyl isoamyl ketone, methyl isopro-
pyl ketone, cyclohexanone, ethylene carbonate, propylene
carbonate, diglyme, 4-hydroxy-4-methyl-2-pentanone, eth-
ylene glycol monomethyl ether, ethylene glycol monom-
ethyl ether acetate, ethylene glycol monoethyl ether, ethyl-
ene glycol monoethyl ether acetate, ethylene glycol
monopropyl ether, ethylene glycol monopropyl ether
acetate, ethylene glycol monoisopropy! ether, ethylene gly-
col monoisopropyl ether acetate, ethylene glycol monobutyl
ether, ethylene glycol monobutyl ether acetate, and the like.
These solvents may be used alone or in a mixture thereof.
[0120] In addition, the liquid crystal alignment agent
composition may further include other components in addi-
tion to the organic solvent. For a non-limiting example,
when the liquid crystal alignment agent composition has
been coated, an additive capable of improving uniformity of
film thickness or surface smoothness, improving adhesion
between the liquid crystal alignment film and the substrate,
changing the dielectric constant and conductivity of a liquid
crystal alignment film, or increasing the density of the liquid
crystal alignment film, may further be included. Such an
additive may be exemplified by a variety of solvents, sur-
factants, silane-based compounds, dielectric substances,
crosslinkable compounds, etc.

[0121] The step 2 is a step of drying the coating film which
is formed by coating the liquid crystal alignment agent
composition onto a substrate.

[0122] In the step of drying the coating film, a method
such as heating of a coating film or vacuum evaporation may
be used, and the drying may be preferably carried out at 50°
C. to 150° C., or at 60° C. to 140° C.

[0123] The step 3 is a step of irradiating the coating film
with light immediately after the drying step to perform
alignment treatment.

[0124] In the present disclosure, the “irradiating the coat-
ing film immediately after the drying step” means that light
is directly irradiated, after the drying step, without carrying
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out a heat treatment at a temperature equal to or higher than
that of the drying step, and steps other than the heat
treatment may be added.

[0125] More specifically, when a liquid crystal alignment
film is produced using a conventional liquid crystal align-
ment agent including a polyamic acid or a polyamic acid
ester, a step of irradiating light after essentially performing
a high-temperature heat treatment for imidization of the
polyamic acid is included. However, when a liquid crystal
alignment film is produced using the liquid crystal alignment
agent of one embodiment described above, the heat treat-
ment step is not included, and light is directly irradiated to
perform alignment treatment, and then the alignment-treated
coating film is cured by a heat treatment, thereby producing
a liquid crystal alignment film having sufficient alignment
property and enhanced stability with a low light irradiation
energy.

[0126] Inthe alignment treatment step, the light irradiation
is performed by irradiating polarized ultraviolet rays having
a wavelength of 150 nm to 450 nm. In this case, the intensity
of the light exposure may vary depending on the kind of the
polymer for the liquid crystal alignment agent. Preferably,
energy of 10 mJ/cm® to 10 J/em?, and more preferably,
energy of 30 mJ/cm?® to 2 J/em?, may be irradiated.

[0127] As for the ultraviolet rays, polarized ultraviolet
rays selected among ultraviolet rays subjected to polariza-
tion treatment by a method of passing through or reflecting
with @ a polarizing device using a substrate in which a
dielectric anisotropic material is coated on the surface of a
transparent substrate such as quartz glass, soda lime glass,
soda lime-free glass, etc., a polarizer plate on which
aluminum or metal wires are finely deposited, or @ a
Brewster’s polarizing device operating by the reflection of
quartz glass, etc., are irradiated to perform the alignment
treatment. In this regard, the polarized ultraviolet rays may
be irradiated perpendicularly to the surface of the substrate,
or may be irradiated by directing at an angle of incidence
toward a specific angle. By this method, the alignment
ability of the liquid crystal molecules is imparted to the
coating film.

[0128] The step 4 is a step of heat-treating and curing the
alignment-treated coating film.

[0129] The step of heat-treating and curing the alignment-
treated coating film is a step that is carried out after light
irradiation even in the conventional method of producing a
liquid crystal alignment film using a polymer for a liquid
crystal alignment agent including a polyamic acid or a
polyamic acid ester, and is distinguished from the heat
treatment step which is performed to imidize the liquid
crystal alignment agent before irradiating light or while
irradiating light, after coating the liquid crystal alignment
agent onto a substrate.

[0130] Inthis regard, the heat treatment may be carried out
by a heating means such as a hot plate, a hot air circulation
path, an infrared ray furnace, and the like, and the heat
treatment is preferably carried out at a temperature of 150°
C. to 300° C., or 200° C. to 250° C.

[0131] On the other hand, after the step of drying the
coating film (step 2), a step of heat-treating the coating film
immediately after the drying step at a temperature equal to
or higher than that of the drying step may be further
included, if necessary. The heat treatment may be performed
by a heating means such as a hot plate, a hot air circulation
path, an infrared furnace, or the like, and is preferably
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performed at 150° C. to 250° C. In this process, the liquid
crystal alignment agent may be imidized.

[0132] That is, the method of producing a liquid crystal
alignment film may include the steps of: coating the above-
mentioned liquid crystal alignment agent onto a substrate to
form a coating film (step 1); drying the coating film (step 2);
heat-treating the coating film immediately after the drying
step at a temperature equal to or higher than that of the
drying step (step 3); irradiating the heat-treated coating film
with light or rubbing the coating film to perform alignment
treatment (step 4); and heat-treating and curing the align-
ment-treated coating film (step 5).

[0133] On the other hand, according to still another
embodiment of the present invention, a liquid crystal align-
ment film produced by the above-described method of
producing the liquid crystal alignment film is provided.

[0134] As described above, when the polymer for the first
liquid crystal alignment agent including two or more repeat-
ing units selected from the group consisting of the repeating
unit represented by Chemical Formula 1, the repeating unit
represented by Chemical Formula 2, and the repeating unit
represented by Chemical Formula 3, wherein the imide
repeating unit represented by Chemical Formula 1, among
the repeating units, is included in an amount of 5 mol % to
74 mol %, and the polymer for the second liquid crystal
alignment agent including one or more repeating units
selected from the group consisting of the repeating unit
represented by Chemical

[0135] Formula 4, the repeating unit represented by
Chemical Formula 5, and the repeating unit represented by
Chemical Formula 6 are mixed and used, it is possible to
produce a liquid crystal alignment film having enhanced
alignment property and stability.

[0136] On the other hand, according to still another
embodiment of the present invention, a liquid crystal display
device including the liquid crystal alignment film described
above is provided.

[0137] The liquid crystal alignment film may be intro-
duced into a liquid crystal cell by a known method, and
likewise, the liquid crystal cell may be introduced into a
liquid crystal display device by a known method. The liquid
crystal alignment film may be produced from the polymer
including the particular amount of the repeating unit repre-
sented by Chemical Formula 1, and thus may implement
excellent stability together with excellent physical proper-
ties. Accordingly, it is possible to provide a liquid crystal
display device having high reliability.

Advantageous Effects

[0138] According to the present invention, a method of
producing a liquid crystal alignment film having excellent
alignment property and stability, a high voltage holding ratio
at a high temperature, and excellent electrical properties by
improving deterioration of a contrast ratio or an afterimage
phenomenon through a simple process with a lowered light
irradiation energy, the method capable of providing the
liquid crystal alignment film by applying a liquid crystal
alignment agent composition onto a substrate, drying the
coating film, immediately irradiating the coating film with
light to perform an alignment treatment while omitting a
high-temperature heat treatment process, and then heat-
treating and curing the alignment-treated coating film; a
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liquid crystal alignment film produced thereby; and a liquid
crystal display device including the liquid crystal alignment
film, are provided.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0139] The present invention will be described in more
detail in the following examples. However, the following
examples are for illustrative purposes only, and the scope of
the present invention is not intended to be limited thereby.

PREPARATION EXAMPLE

Preparation Example 1: Preparation of Diamine
DA1-1

[0140] Preparation was performed as in the following
reaction scheme.

@] @]
[6) o +
(@] (@]
1
H,N
_—m
DMF, 80°C., 12 h
NO,
(@] (@]
Acy0O,
HO NO—NOZ NaOAc ,
0N { on DME,
2 90° C.,
4h
O O
2
@] O
PAC, Hy
(6 bar)
O;N N N NO, ——— =
DMAc,
45°C.,
(@] (@] 20h
3
@] @]
HZNON NONHZ
(@] (@]
DAL-1
[0141] Specifically, CBDA (cyclobutane-1,2,3,4-tetracar-

boxylic dianhydride, compound 1) and 4-nitroaniline were
dissolved in DMF (dimethylformamide) to prepare a mix-
ture. Subsequently, this mixture was allowed to react at
about 80° C. for about 12 hours to prepare an amic acid of
a compound 2. Thereafter, the amic acid was dissolved in
DMTF, and acetic anhydride and sodium acetate were added
thereto to prepare a mixture. Subsequently, the amic acid in
the mixture was subjected to imidization at about 90° C. for
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about 4 hours to prepare a compound 3. An imide of the
compound 3 thus prepared was dissolved in DMAc (dim-
ethylacetamide), and then Pd/C was added thereto to prepare
a mixture. This mixture was reduced at about 45° C. under
hydrogen pressure of about 6 bar for about 20 hours to
prepare a diamine DA1-1.

Preparation Example 2: Preparation of Diamine

DA1-2
[0142]
DAIL-2
O>\ /<O
HzNON \(N‘@iNHZ
O (0]

[0143] DAI1-2 was prepared in the same manner as in
Preparation Example 1, except that DMCBDA (1,3-dimeth-
ylcyclobutane-1,2,3 4-tetracarboxylic ~ dianhydride) was
used instead of CBDA (cyclobutane-1,2,3,4-tetracarboxylic
dianhydride).

Preparation Example 3: Synthesis of Diamine
DA1-3

[0144] Preparation was performed as in the following
reaction scheme.

O O
(0] D ———
MeOH
O O
1
(0] [e] Cl O
HO O
~
O O
4
O O
HZN—< >—No2
~o cl
Cl O
~
O O

5
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-continued

0 0
Hy/
~
0 N NO, Pd—C
0 HO e
O,N N NG
0 0

6
O O
\O gONHZ
N % O
2 \
O O

DAI1-3

[0145] Specifically, 25 g of CBDA (cyclobutane-1,2,3,4-
tetracarboxylic dianhydride, compound 1) was added to 250
mL of methanol, and 1 to 2 drops of hydrochloric acid was
added thereto, and heated under reflux at about 75° C. for
about 5 hours. The solvent was removed under reduced
pressure, and 300 mL of ethyl acetate and n-hexane were
added for solidification. A produced solid was filtered under
reduced pressure and dried under reduced pressure at about
40° C. to obtain 32 g of a compound 4.

[0146] 100 mL of toluene was added to 34 g of the
obtained compound 4, and 35 g of oxalyl chloride was added
dropwise at room temperature. 2 to 3 drops of dimethylfor-
mamide (DMF) was added dropwise and stirred at about 50°
C. for about 16 hours. After cooling to room temperature, the
solvent and remaining oxalyl chloride were removed under
reduced pressure. 300 mL of n-hexane was added to a yellow
solid product and heated under reflux at about 80° C. The
heated reaction solution was filtered to remove impurities
which were not dissolved in n-hexane, and slowly cooled to
room temperature. A produced white crystal was filtered and
then dried in a vacuum oven at about 40° C. to obtain 32.6
g of a compound 5.

[0147] 29.6 g of 4-nitroaniline and 21.7 g of trietha-
nolamine (TEA) were added to about 400 mL of tetrahy-
drofuran (THF), and 32.6 g of compound 5 was added
thereto at room temperature. After stirring at room tempera-
ture for about 16 hours, a produced precipitate was filtered.
About 400 ml of dichloromethane was added to a filtrate,
followed by washing with a 0.1 N hydrochloric acid aqueous
solution and then washing with a saturated sodium hydrogen
carbonate (NaHCO,) aqueous solution. The washed organic
solution was filtered under reduced pressure to obtain a solid
product. The product was recrystallized from dichlorometh-
ane to obtain 43 g of a solid-phase dinitro compound 6.

[0148] 43 g of the dinitro compound 6 thus obtained was
put in a high-pressure reactor and dissolved in about 500 mL
of THF. 2.2 g of 10 wt % Pd/C was added thereto, followed
by stirring under hydrogen gas (H,) at 3 atm for about 16
hours at room temperature. After reaction, Pd—C was
removed using a Celite filter. After filtration, a filtrate was
concentrated under reduced pressure to obtain 37 g of
esterified diamine DA1-3.
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Preparation Example 4: Synthesis of Diamine
DA2-1
[0149]
N, Cl
x
n
NO; Z
7
HN
DMSO, TEA
RT,12h
NH,
8
H
N. N.
| x
NO; 7 NH,

9

[0150] 18.3 g (100 mmol) of 2-chloro-5-nitropyridine

(compound 7) and 12.5 g (98.6 mmol) of para-phenylene-
diamine (p-PDA, compound 8) were completely dissolved
in about 200 mL of dimethyl sulfoxide (DMSO), and then
23.4 g (200 mmol) of trimethylamine (TEA) was added
thereto, and stirred at room temperature for about 12 hours.
When the reaction was completed, the reaction product was
put in a container containing about 500 ml of water,
followed by stirring for about 1 hour. A solid obtained by
filtration was washed with about 200 mL of water and about
200 mL of ethanol to obtain 16 g (61.3 mmol) of a
compound 9 (yield: 60%).

H
N N
N H,, Pd/C
_
EA
NO7 Z NIL
9
H
N X
Lj/ \Q
N = NH,

DA2-1

[0151] The compound 9 was dissolved in about 200 mL of
a 1:1 mixture of ethyl acetate (EA) and THF, and then 0.8 g
of palladium/carbon (Pd/C) was added, followed by stirring
under a hydrogen atmosphere for about 12 hours. After
completion of the reaction, a filtrate filtered through a Celite
pad was concentrated to obtain 11 g of a diamine compound
DA2-1 (pIDA) (yield: 89%).
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Preparation Example 5: Synthesis of Diamine
DA2-2
[0152]
N, Cl
x
n
NOs Z
H,N NH,
DMSO, TEA
—_— >
RT,12h
8
H
N, N NH,
/[j/ \©/ =
| B
NO; A
H
N, N NH,
/ﬂj/ \©/
LN Z

DA2-2

[0153] A diamine compound DA2-2 was prepared in the
same manner as in Preparation Example 4, except that
meta-phenylenediamine (m-PDA) was used instead of para-
phenylenediamine (p-PDA, compound 8).

Preparation Example 6: Synthesis of Diamine
DA2-3

[0154]

N o N
AN
.
7 NIL
NO,
0
N N
A \@\
7 NIL
NO,
0
N N
\ \@\
Z NIL
NI,

DA2-3

DMSO, TEA
—_—
RT,12h

H,, Pd/IC
B —
EA

[0155] A diamine compound DA2-3 was prepared in the
same manner as in Preparation Example 4, except that
2-chloro-4-nitropyridine was used instead of 2-chloro-5-
nitropyridine (compound 7).
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Synthesis Example

Synthesis Examples 1 to 4 and Comparative
Synthesis Example 1: Synthesis of First Polymer

Synthesis Example 1: Preparation of Polymer P-1
for Liquid Crystal Alignment Agent

[0156] 5.0 g (13.3 mmol) of DA1-1 prepared in Prepara-
tion Example 1 was completely dissolved in 71.27 g of
anhydrous N-methyl pyrrolidone (NMP). In an ice bath,
2.92 g (13.03 mmol) of 1,3-dimethyl-cyclobutane-1,2,3,4-
tetracarboxylic dianhydride (DMCBDA) was added to the
solution, and stirred at room temperature for about 16 hours
to prepare a polymer P-1 for a liquid crystal alignment agent.
[0157] A molecular weight of the polymer P-1 was con-
firmed by GPC, and as a result, its number average molecu-
lar weight (Mn) was 15,500 g/mol and its weight average
molecular weight (Mw) was 31,000 g/mol. A monomer
structure of the polymer P-1 is determined by an equivalent
ratio of the used monomer, and in the molecule, a ratio of the
imide structure was 50.5%, and a ratio of the amic acid
structure was 49.5%.

Synthesis Example 2: Preparation of Polymer P-2
for Liquid Crystal Alignment Agent

[0158] 5.376 gof DA1-2 prepared in Preparation Example
2 was first dissolved in 74.66 g of NMP, and 2.92 g of
1,3-dimethyl-cyclobutane-1,2,3 4-tetracarboxylic ~ dianhy-
dride (DMCBDA) was added thereto, and stirred at room
temperature for about 16 hours. Thereafter, a polymer P-2
was prepared in the same manner as in Synthesis Example
1.

[0159] A molecular weight of the polymer P-2 was con-
firmed by GPC, and as a result, its number average molecu-
lar weight (Mn) was 17,300 g/mol and its weight average
molecular weight (Mw) was 34,000 g/mol. In the molecule
of'the polymer P-2, a ratio of the imide structure was 50.5%,
and a ratio of the amic acid structure was 49.5%.

Synthesis Example 3: Preparation of Polymer P-3
for Liquid Crystal Alignment Agent

[0160] 5.0 g of DA1-2 prepared in Preparation Example 2
and 1.07 g of p-phenylenediamine were first dissolved in
89.81 g of NMP, and 1.90 g of cyclobutane-1,2,3,4-tetrac-
arboxylic dianhydride (CBDA) and 3.00 g of oxydiphthalic
dianhydride were added thereto, and stirred at room tem-
perature for about 16 hours to prepare a polymer P-3.
[0161] A molecular weight of the polymer P-3 was con-
firmed by GPC, and as a result, its number average molecu-
lar weight (Mn) was 17,000 g/mol and its weight average
molecular weight (Mw) was 33,000 g/mol. In the molecule
of the polymer P-3, a ratio of the imide structure was 33.8%,
and a ratio of the amic acid structure was 66.2%.

Synthesis Example 4: Preparation of Polymer P-4
for Liquid Crystal Alignment Agent

[0162] 5.0 gof DA1-1 prepared in Preparation Example 2
and 3.93 g of DA1-3 prepared in Preparation Example 3
were first dissolved in 127.94 g of NMP, and then 5.28 g of
cyclobutane-1,2,3,4-tetracarboxylic dianhydride (CBDA)
was added thereto, and stirred for about 16 hours at room
temperature to prepare a polymer P-4 for a liquid crystal
alignment agent.

13

May 28, 2020

Comparative Synthesis Example 1: Preparation of
Polymer PR-1 for Liquid Crystal Alignment Agent

[0163] 6.00 g of p-phenylenediamine was first dissolved in
156.9 g of NMP, and 5.34 g of cyclobutane-1,2,3,4-tetrac-
arboxylic dianhydride (CBDA) and 6.10 g of 1,3-dimethyl-
cyclobutane-1,2,3 4-tetracarboxylic ~ dianhydride (DM-
CBDA) were added thereto, and stirred for about 16 hours
at room temperature to prepare a polymer PR-1.

[0164] A molecular weight of the polymer PR-1 was
confirmed by GPC, and as a result, its number average
molecular weight (Mn) was 15,000 g/mol and its weight
average molecular weight (Mw) was 28,000 g/mol. The
monomer structure of the polymer PR-1 was analyzed, and
as a result, a ratio of the amic acid structure in the molecule
was 100%.

Synthesis Examples 5 to 25 and Comparative
Synthesis Examples 2 to 7: Synthesis of Second
Polymer

Synthesis Example 5: Polymer Q-1 for Liquid
Crystal Alignment Agent

[0165] 19.743 g (0.099 mmol) of diamine DA2-1 prepared
in Preparation Example 4 was completely dissolved in
225.213 g of anhydrous N-methyl pyrrolidone (NMP).

[0166] Inan ice bath, 20.0 g (0.092 mmol) of pyromellitic
dianhydride (PMDA) was added to the solution, and stirred
at room temperature for about 16 hours to prepare a polymer
Q-1 for a liquid crystal alignment agent. A molecular weight
of the polymer Q-1 was confirmed by GPC, and as a result,
its weight average molecular weight (Mw) was 27,000
g/mol.

Synthesis Example 6: Polymer Q-2 for Liquid
Crystal Alignment Agent

[0167] 14.637 g (0.073 mmol) of diamine DA2-1 prepared
in Preparation Example 4 was completely dissolved in
225.213 g of anhydrous N-methyl pyrrolidone (NMP).

[0168] In an ice bath, 20.0 g (0.068 mmol) of 3,3'4.4'-
biphenyl tetracarboxylic acid dianhydride (BPDA) was
added to the solution, and stirred at room temperature for
about 16 hours to prepare a polymer Q-2 for a liquid crystal
alignment agent. A molecular weight of the polymer Q-2
was confirmed by GPC, and as a result, its weight average
molecular weight (Mw) was 24,000 g/mol.

Synthesis Example 7: Polymer Q-3 for Liquid
Crystal Alignment Agent

[0169] 19.211 g (0.096 mmol) of diamine DA2-1 prepared
in Preparation Example 4 was completely dissolved in
222.194 g of anhydrous N-methyl pyrrolidone (NMP).

[0170] In an ice bath, 20.0 g (0.089 mmol) of 1,2.4,5-
cyclohexanetetracarboxylic dianhydride (HPMDA) was
added to the solution, and stirred at room temperature for
about 16 hours to prepare a polymer Q-3 for a liquid crystal
alignment agent. A molecular weight of the polymer Q-3
was confirmed by GPC, and as a result, its weight average
molecular weight (Mw) was 26,500 g/mol.
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Synthesis Example 8: Polymer Q-4 for Liquid
Crystal Alignment Agent

[0171] 1.974 g(0.01 mmol) of diamine DA2-1 prepared in
Preparation Example 4 and 9.596 g (0.089 mmol) of p-phe-
nylenediamine (p-PDA) were completely dissolved in 178.
897 g of anhydrous N-methyl pyrrolidone (NMP).

[0172] In anice bath, 20.0 g (0.092 mmol) of pyromellitic
dianhydride (PMDA) was added to the solution, and stirred
at room temperature for about 16 hours to prepare a polymer
Q-4 for a liquid crystal alignment agent. A molecular weight
of the polymer Q-4 was confirmed by GPC, and as a result,
its weight average molecular weight (Mw) was 24,500
g/mol.

Synthesis Example 9: Polymer Q-5 for Liquid
Crystal Alignment Agent

[0173] 9.872 g (0.049 mmol) of diamine DA2-1 prepared
in Preparation Example 4 and 5.331 g (0.049 mmol) of
p-phenylenediamine (p-PDA) were completely dissolved in
199.482 g of anhydrous N-methyl pyrrolidone (NMP).
[0174] In an ice bath, 20.0 g (0.092 mmol) of pyromellitic
dianhydride (PMDA) was added to the solution, and stirred
at room temperature for about 16 hours to prepare a polymer
Q-5 for a liquid crystal alignment agent. A molecular weight
of the polymer Q-5 was confirmed by GPC, and as a result,
its weight average molecular weight (Mw) was 27,500
g/mol.

Synthesis Example 10: Polymer Q-6 for Liquid
Crystal Alignment Agent

[0175] 1.974 g(0.01 mmol) of diamine DA2-1 prepared in
Preparation Example 4 and 17.768 g (0.089 mmol) of
4.4'-oxydianiline (ODA) were completely dissolved in 225.
208 g of anhydrous N-methyl pyrrolidone (NMP).

[0176] In an ice bath, 20.0 g (0.092 mmol) of pyromellitic
dianhydride (PMDA) was added to the solution, and stirred
at room temperature for about 16 hours to prepare a polymer
Q-6 for a liquid crystal alignment agent. A molecular weight
of the polymer Q-6 was confirmed by GPC, and as a result,
its weight average molecular weight (Mw) was 28,500
g/mol.

Synthesis Example 11: Polymer Q-7 for Liquid
Crystal Alignment Agent

[0177] 9.872 g (0.049 mmol) of diamine DA2-1 prepared
in Preparation Example 4 and 9.871 g (0.049 mmol) of
4.4'-oxydianiline (ODA) were completely dissolved in 225.
21 g of anhydrous N-methyl pyrrolidone (NMP).

[0178] In an ice bath, 20.0 g (0.092 mmol) of pyromellitic
dianhydride (PMDA) was added to the solution, and stirred
at room temperature for about 16 hours to prepare a polymer
Q-7 for a liquid crystal alignment agent. A molecular weight
of the polymer Q-7 was confirmed by GPC, and as a result,
its weight average molecular weight (Mw) was 27,000
g/mol.

Synthesis Example 12: Polymer Q-8 for Liquid
Crystal Alignment Agent

[0179] 1.974 g(0.01 mmol) of diamine DA2-1 prepared in
Preparation Example 4 and 17.593 g (0.089 mmol) of
4.4'-methylenedianiline (MDA) were completely dissolved
in 224.218 g of anhydrous N-methyl pyrrolidone (NMP).
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[0180] Inan ice bath, 20.0 g (0.092 mmol) of pyromellitic
dianhydride (PMDA) was added to the solution, and stirred
at room temperature for about 16 hours to prepare a polymer
Q-8 for a liquid crystal alignment agent. A molecular weight
of the polymer Q-8 was confirmed by GPC, and as a result,
its weight average molecular weight (Mw) was 29,500
g/mol.

Synthesis Example 13: Polymer Q-9 for Liquid
Crystal Alignment Agent

[0181] 9.872 g (0.049 mmol) of diamine DA2-1 prepared
in Preparation Example 4 and 9.774 g (0.049 mmol) of
4.4'-methylenedianiline (MDA) were completely dissolved
in 224.66 g of anhydrous N-methyl pyrrolidone (NMP).
[0182] Inan ice bath, 20.0 g (0.092 mmol) of pyromellitic
dianhydride (PMDA) was added to the solution, and stirred
at room temperature for about 16 hours to prepare a polymer
Q-9 for a liquid crystal alignment agent. A molecular weight
of the polymer Q-9 was confirmed by GPC, and as a result,
its weight average molecular weight (Mw) was 28,000
g/mol.

Synthesis Example 14: Polymer Q-10 for Liquid
Crystal Alignment Agent

[0183] 1.464 g (0.007 mmol) of diamine DA2-1 prepared
in Preparation Example 4 and 7.114 g (0.066 mmol) of
p-phenylenediamine (p-PDA) were completely dissolved in
161.939 g of anhydrous N-methyl pyrrolidone (NMP).
[0184] In an ice bath, 20.0 g (0.068 mmol) of 3,3'4.4'-
biphenyl tetracarboxylic acid dianhydride (BPDA) was
added to the solution, and stirred at room temperature for
about 16 hours to prepare a polymer Q-10 for a liquid crystal
alignment agent. A molecular weight of the polymer Q-10
was confirmed by GPC, and as a result, its weight average
molecular weight (Mw) was 27,500 g/mol.

Synthesis Example 15: Polymer Q-11 for Liquid
Crystal Alignment Agent

[0185] 1.464 g (0.007 mmol) of diamine DA2-1 prepared
in Preparation Example 4 and 13.172 g (0.066 mmol) of
4.4'-oxydianiline (ODA) were completely dissolved in 196.
272 g of anhydrous N-methyl pyrrolidone (NMP).

[0186] In an ice bath, 20.0 g (0.068 mmol) of 3,3'4.4'-
biphenyl tetracarboxylic acid dianhydride (BPDA) was
added to the solution, and stirred at room temperature for
about 16 hours to prepare a polymer Q-11 for a liquid crystal
alignment agent. A molecular weight of the polymer Q-11
was confirmed by GPC, and as a result, its weight average
molecular weight (Mw) was 25,500 g/mol.

Synthesis Example 16: Polymer Q-12 for Liquid
Crystal Alignment Agent

[0187] 1.464 g (0.007 mmol) of diamine DA2-1 prepared
in Preparation Example 4 and 13.043 g (0.066 mmol) of
4.4'-methylenedianiline (MDA) were completely dissolved
in 195.537 g of anhydrous N-methyl pyrrolidone (NMP).
[0188] In an ice bath, 20.0 g (0.068 mmol) of 3,3'4.4'-
biphenyl tetracarboxylic acid dianhydride (BPDA) was
added to the solution, and stirred at room temperature for
about 16 hours to prepare a polymer Q-12 for a liquid crystal
alignment agent. A molecular weight of the polymer Q-12
was confirmed by GPC, and as a result, its weight average
molecular weight (Mw) was 27,000 g/mol.
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Synthesis Example 17: Polymer Q-13 for Liquid
Crystal Alignment Agent

[0189] 1.921 g(0.01 mmol) of diamine DA2-1 prepared in
Preparation Example 4 and 9.337 g (0.086 mmol) of p-phe-
nylenediamine (p-PDA) were completely dissolved in 177.
128 g of anhydrous N-methyl pyrrolidone (NMP).

[0190] In an ice bath, 20.0 g (0.089 mmol) of 1,2.4,5-
cyclohexanetetracarboxylic dianhydride (HPMDA) was
added to the solution, and stirred at room temperature for
about 16 hours to prepare a polymer Q-13 for a liquid crystal
alignment agent. A molecular weight of the polymer Q-13
was confirmed by GPC, and as a result, its weight average
molecular weight (Mw) was 23,500 g/mol.

Synthesis Example 18: Polymer Q-14 for Liquid
Crystal Alignment Agent

[0191] 1.921 g(0.01 mmol) of diamine DA2-1 prepared in
Preparation Example 4 and 17.289 g (0.086 mmol) of
4.4'-oxydianiline (ODA) were completely dissolved in 222.
189 g of anhydrous N-methyl pyrrolidone (NMP).

[0192] In an ice bath, 20.0 g (0.089 mmol) of 1,2.4,5-
cyclohexanetetracarboxylic dianhydride (HPMDA) was
added to the solution, and stirred at room temperature for
about 16 hours to prepare a polymer Q-14 for a liquid crystal
alignment agent. A molecular weight of the polymer Q-14
was confirmed by GPC, and as a result, its weight average
molecular weight (Mw) was 26,500 g/mol.

Synthesis Example 19: Polymer Q-15 for Liquid
Crystal Alignment Agent

[0193] 1.921 g(0.01 mmol) of diamine DA2-1 prepared in
Preparation Example 4 and 17.119 g (0.086 mmol) of
4.4'-methylenedianiline (MDA) were completely dissolved
in 177.128 g of anhydrous N-methyl pyrrolidone (NMP).
[0194] In an ice bath, 20.0 g (0.089 mmol) of 1,2.4,5-
cyclohexanetetracarboxylic dianhydride (HPMDA) was
added to the solution, and stirred at room temperature for
about 16 hours to prepare a polymer Q-15 for a liquid crystal
alignment agent. A molecular weight of the polymer Q-15
was confirmed by GPC, and as a result, its weight average
molecular weight (Mw) was 25,000 g/mol.

Synthesis Example 20: Polymer Q-16 for Liquid
Crystal Alignment Agent

[0195] 1.974 g(0.01 mmol) of diamine DA2-2 prepared in
Preparation Example 5 and 9.596 g (0.089 mmol) of p-phe-
nylenediamine (p-PDA) were completely dissolved in 178.
897 g of anhydrous N-methyl pyrrolidone (NMP).

[0196] In an ice bath, 20.0 g (0.092 mmol) of pyromellitic
dianhydride (PMDA) was added to the solution, and stirred
at room temperature for about 16 hours to prepare a polymer
Q-16 for a liquid crystal alignment agent. A molecular
weight of the polymer Q-16 was confirmed by GPC, and as
a result, its weight average molecular weight (Mw) was
22,500 g/mol.

Synthesis Example 21: Polymer Q-17 for Liquid
Crystal Alignment Agent

[0197] 1.974 g(0.01 mmol) of diamine DA2-2 prepared in
Preparation Example 5 and 17.768 g (0.089 mmol) of
4.4'-oxydianiline (ODA) were completely dissolved in 225.
208 g of anhydrous N-methyl pyrrolidone (NMP).
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[0198] Inan ice bath, 20.0 g (0.092 mmol) of pyromellitic
dianhydride (PMDA) was added to the solution, and stirred
at room temperature for about 16 hours to prepare a polymer
Q-17 for a liquid crystal alignment agent. A molecular
weight of the polymer Q-17 was confirmed by GPC, and as
a result, its weight average molecular weight (Mw) was
24,500 g/mol.

Synthesis Example 22: Polymer Q-18 for Liquid
Crystal Alignment Agent

[0199] 1.974 g (0.01 mmol) of diamine DA2-2 prepared in
Preparation Example 5 and 17.593 g (0.089 mmol) of
4.4'-methylenedianiline (MDA) were completely dissolved
in 224.218 g of anhydrous N-methyl pyrrolidone (NMP).
[0200] Inan ice bath, 20.0 g (0.092 mmol) of pyromellitic
dianhydride (PMDA) was added to the solution, and stirred
at room temperature for about 16 hours to prepare a polymer
Q-18 for a liquid crystal alignment agent. A molecular
weight of the polymer Q-18 was confirmed by GPC, and as
a result, its weight average molecular weight (Mw) was
23,000 g/mol.

Synthesis Example 23: Polymer Q-19 for Liquid
Crystal Alignment Agent

[0201] 1.974 g (0.01 mmol) of diamine DA2-3 prepared in
Preparation Example 6 and 9.596 g (0.089 mmol) of p-phe-
nylenediamine (p-PDA) were completely dissolved in 178.
897 g of anhydrous N-methyl pyrrolidone (NMP).

[0202] Inan ice bath, 20.0 g (0.092 mmol) of pyromellitic
dianhydride (PMDA) was added to the solution, and stirred
at room temperature for about 16 hours to prepare a polymer
Q-19 for a liquid crystal alignment agent. A molecular
weight of the polymer Q-19 was confirmed by GPC, and as
a result, its weight average molecular weight (Mw) was
21,500 g/mol.

Synthesis Example 24: Polymer Q-20 for Liquid
Crystal Alignment Agent

[0203] 1.974 g (0.01 mmol) of diamine DA2-3 prepared in
Preparation Example 6 and 17.768 g (0.089 mmol) of
4.4'-oxydianiline (ODA) were completely dissolved in 225.
208 g of anhydrous N-methyl pyrrolidone (NMP).

[0204] Inan ice bath, 20.0 g (0.092 mmol) of pyromellitic
dianhydride (PMDA) was added to the solution, and stirred
at room temperature for about 16 hours to prepare a polymer
Q-20 for a liquid crystal alignment agent. A molecular
weight of the polymer Q-20 was confirmed by GPC, and as
a result, its weight average molecular weight (Mw) was
24,500 g/mol.

Synthesis Example 25: Polymer Q-21 for Liquid
Crystal Alignment Agent

[0205] 1.974 g (0.01 mmol) of diamine DA2-3 prepared in
Preparation Example 6 and 17.593 g (0.089 mmol) of
4.4'-methylenedianiline (MDA) were completely dissolved
in 224.218 g of anhydrous N-methyl pyrrolidone (NMP).
[0206] Inan ice bath, 20.0 g (0.092 mmol) of pyromellitic
dianhydride (PMDA) was added to the solution, and stirred
at room temperature for about 16 hours to prepare a polymer
Q-21 for a liquid crystal alignment agent. A molecular
weight of the polymer Q-21 was confirmed by GPC, and as
a result, its weight average molecular weight (Mw) was
21,000 g/mol.
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Comparative Synthesis Example 2: Polymer QR-1
for Liquid Crystal Alignment Agent

[0207] 26.852 g (0.099 mmol) of p-phenylenediamine
(p-PDA) was completely dissolved in 265.496 g of anhy-
drous N-methyl pyrrolidone (NMP).

[0208] In an ice bath, 20.0 g (0.092 mmol) of pyromellitic
dianhydride (PMDA) was added to the solution, and stirred
at room temperature for about 16 hours to prepare a polymer
QR-1 for a liquid crystal alignment agent. A molecular
weight of the polymer QR-1 was confirmed by GPC, and as
a result, its weight average molecular weight (Mw) was
26,000 g/mol.

Comparative Synthesis Example 3: Polymer QR-2
for Liquid Crystal Alignment Agent

[0209] 19.743 g (0.099 mmol) of 4,4'-oxydianiline (ODA)
was completely dissolved in 225.208 g of anhydrous
N-methyl pyrrolidone (NMP).

[0210] In an ice bath, 20.0 g (0.092 mmol) of pyromellitic
dianhydride (PMDA) was added to the solution, and stirred
at room temperature for about 16 hours to prepare a polymer
QR-2 for a liquid crystal alignment agent. A molecular
weight of the polymer QR-2 was confirmed by GPC, and as
a result, its weight average molecular weight (Mw) was
21,000 g/mol.

Comparative Synthesis Example 4: Polymer QR-3
for Liquid Crystal Alignment Agent

[0211] 19.548 g (0.089 mmol) of 4,4'-methylenedianiline
(MDA) was completely dissolved in 224.218 g of anhydrous
N-methyl pyrrolidone (NMP).

[0212] In an ice bath, 20.0 g (0.092 mmol) of pyromellitic
dianhydride (PMDA) was added to the solution, and stirred
at room temperature for about 16 hours to prepare a polymer
QR-3 for a liquid crystal alignment agent. A molecular
weight of the polymer QR-3 was confirmed by GPC, and as
a result, its weight average molecular weight (Mw) was
23,000 g/mol.

Comparative Synthesis Example 5: Polymer S-1 for
Liquid Crystal Alignment Agent

[0213] A polymer S-1 for a liquid crystal alignment agent
was prepared in the same manner as in Synthesis Example
5, except that 6-(4-aminophenyl)pyridin-3-amine repre-
sented by the following Chemical Formula A was used
instead of diamine DA2-1 prepared in Preparation Example
4.

[Chemical Formula A]
—N

LN \ / NH,

Comparative Synthesis Example 6: Polymer S-2 for
Liquid Crystal Alignment Agent

[0214] A polymer S-2 for a liquid crystal alignment agent
was prepared in the same manner as in Synthesis Example
5, except that 4,4'-diaminodiphenylamine represented by the
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following Chemical Formula B was used instead of diamine
DA2-1 prepared in Preparation Example 4.

[Chemical Formula B]
H
HN N NH,

Comparative Synthesis Example 7: Polymer S-3 for
Liquid Crystal Alignment Agent

[0215] A polymer S-3 for a liquid crystal alignment agent
was prepared in the same manner as in Synthesis Example
5, except that N-(2,6-bis(trifluoromethyl)-4-aminophenyl)-
1,4-phenylenediamine represented by the following Chemi-
cal Formula C was used instead of diamine DA2-1 prepared
in Preparation Example 4.

[Chemical Formula C]
CF3

i
LN N NH,

CF3

Example

Example 1: Preparation of Liquid Crystal
Alignment Agent Composition

[0216] According to the composition as shown in the
following Table 1, 10 g of the polymer P-1 for a liquid
crystal alignment agent prepared in Synthesis Example 1
and 10 g of the polymer Q-1 for a liquid crystal alignment
agent prepared in Synthesis Example 5 were added to 12.4
g of NMP and 7.6 g of n-butoxyethanol (a weight ratio of
8:2) to prepare a 5 wt % solution. The obtained solution was
filtered through a poly(tetrafluoroethylene) filter having a
pore size of 0.1 um under pressure to prepare a liquid crystal
alignment agent composition.

Example 2: Preparation of Liquid Crystal
Alignment Agent Composition

[0217] According to the composition as shown in the
following Table 1, a liquid crystal alignment agent compo-
sition was prepared in the same manner as in Example 1,
except that the polymer P-3 for a liquid crystal alignment
agent was used instead of the polymer P-1 for a liquid crystal
alignment agent.

Example 3: Preparation of Liquid Crystal
Alignment Agent Composition

[0218] According to the composition as shown in the
following Table 1, a liquid crystal alignment agent compo-
sition was prepared in the same manner as in Example 1,
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except that the polymer P-4 for a liquid crystal alignment
agent was used instead of the polymer P-1 for a liquid crystal
alignment agent.

Examples 4 to 23: Preparation of Liquid Crystal
Alignment Agent Compositions

[0219] According to the composition as shown in the
following Table 1, each liquid crystal alignment agent
composition was prepared in the same manner as in
Example 1, except that each of the polymers Q-2 to Q-21 for
a liquid crystal alignment agent was used instead of the
polymer Q-1 for a liquid crystal alignment agent.

Example 24: Preparation of Liquid Crystal
Alignment Agent Composition

[0220] According to the composition as shown in the
following Table 1, a liquid crystal alignment agent compo-
sition was prepared in the same manner as in Example 1,
except that the polymer P-2 for a liquid crystal alignment
agent prepared in Synthesis Example 2 was used instead of
the polymer P-1 for a liquid crystal alignment agent, and the
polymer Q-4 for a liquid crystal alignment agent was used
instead of the polymer Q-1 for a liquid crystal alignment
agent.

Examples 25 to 27: Preparation of Liquid Crystal
Alignment Agent Compositions

[0221] According to the composition as shown in the
following Table 1, each liquid crystal alignment agent
composition was prepared in the same manner as in
Example 24, except that each of the polymers Q-10 to Q-12
for a liquid crystal alignment agent was used instead of the
polymer Q-4 for a liquid crystal alignment agent.

Example 28: Preparation of Liquid Crystal
Alignment Agent Composition

[0222] According to the composition as shown in the
following Table 1, a liquid crystal alignment agent compo-
sition was prepared in the same manner as in Example 24,
except that 4 g of the polymer P-2 for a liquid crystal
alignment agent and 16 g of the polymer Q-4 for a liquid
crystal alignment agent were added.

Examples 29 to 31: Preparation of Liquid Crystal
Alignment Agent Compositions

[0223] According to the composition as shown in the
following Table 1, each liquid crystal alignment agent
composition was prepared in the same manner as in
Example 28, except that each of the polymers Q-10 to Q-12
for a liquid crystal alignment agent was used instead of the
polymer Q-4 for a liquid crystal alignment agent.

Comparative Example 1: Preparation of Liquid
Crystal Alignment Agent Composition

[0224] A liquid crystal alignment agent composition was
prepared in the same manner as in Example 1, except that 20
g of the polymer P-1 for a liquid crystal alignment agent was
added without using the polymer Q-1 for a liquid crystal
alignment agent.
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Comparative Example 2: Preparation of Liquid
Crystal Alignment Agent Composition

[0225] A liquid crystal alignment agent composition was
prepared in the same manner as in Example 1, except that 20
g of the polymer Q-1 for a liquid crystal alignment agent was
added without using the polymer P-1 for a liquid crystal
alignment agent.

Comparative Example 3: Preparation of Liquid
Crystal Alignment Agent Composition

[0226] According to the composition as shown in the
following Table 1, a liquid crystal alignment agent compo-
sition was prepared in the same manner as in Example 1,
except that the polymer PR-1 for a liquid crystal alignment
agent was used instead of the polymer P-1 for a liquid crystal
alignment agent.

Comparative Examples 4 to 6: Preparation of
Liquid Crystal Alignment Agent Compositions

[0227] According to the composition as shown in the
following Table 1, each liquid crystal alignment agent
composition was prepared in the same manner as in
Example 1, except that each of the polymers QR-1 to QR-3
for a liquid crystal alignment agent was used instead of the
polymer Q-1 for a liquid crystal alignment agent.

Comparative Example 7: Preparation of Liquid
Crystal Alignment Agent Composition

[0228] According to the composition as shown in the
following Table 1, a liquid crystal alignment agent compo-
sition was prepared in the same manner as in Comparative
Example 5, except that the polymer P-3 for a liquid crystal
alignment agent was used instead of the polymer P-1 for a
liquid crystal alignment agent.

Comparative Example 8: Preparation of Liquid
Crystal Alignment Agent Composition

[0229] According to the composition as shown in the
following Table 1, a liquid crystal alignment agent compo-
sition was prepared in the same manner as in Comparative
Example 6, except that the polymer P-4 for a liquid crystal
alignment agent was used instead of the polymer P-1 for a
liquid crystal alignment agent.

Comparative Examples 9 to 11: Preparation of
Liquid Crystal Alignment Agent Compositions

[0230] According to the composition as shown in the
following Table 1, each liquid crystal alignment agent
composition was prepared in the same manner as in
Example 1, except that each of the polymers S-1 to S-3 for
a liquid crystal alignment agent was used instead of the
polymer Q-1 for a liquid crystal alignment agent.

[0231] The polymer compositions of the liquid crystal
alignment agent compositions according to Examples 1 to
31 and Comparative Examples 1 to 11 are as shown in the
following Table 1.
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TABLE 1

First polymer _ Second polymer Mixing weight ratio of

Input Input first and second
Type (g Type (@ polymers
Example 1 P-1 10 Q-1 10 50:50
Example 2 P-3 10 Q-1 10 50:50
Example 3 P-4 10 Q-1 10 50:50
Example 4  P-1 10 Q-2 10 50:50
Example 5 P-1 10 Q-3 10 50:50
Example 6  P-1 10 Q-4 10 50:50
Example 7 P-1 10 Q-5 10 50:50
Example 8  P-1 10 Q-6 10 50:50
Example 9 P-1 10 Q-7 10 50:50
Example 10 P-1 10 Q-8 10 50:50
Example 11  P-1 10 Q-9 10 50:50
Example 12 P-1 10 Q-10 10 50:50
Example 13 P-1 10 Q-11 10 50:50
Example 14 P-1 10 Q-12 10 50:50
Example 15 P-1 10 Q-13 10 50:50
Example 16 P-1 10 Q-14 10 50:50
Example 17 P-1 10 Q-15 10 50:50
Example 18 P-1 10 Q-16 10 50:50
Example 19 P-1 10 Q-17 10 50:50
Example 20 P-1 10 Q-18 10 50:50
Example 21  P-1 10 Q-19 10 50:50
Example 22 P-1 10 Q-20 10 50:50
Example 23 P-1 10 Q-21 10 50:50
Example 24 P-2 10 Q-4 10 50:50
Example 25 P-2 10 Q-10 10 50:50
Example 26 P-2 10 Q-11 10 50:50
Example 27 P-2 10 Q-12 10 50:50
Example 28 P-2 4 Q4 16 20:80
Example 29 P-2 4 Q-10 16 20:80
Example 30 P-2 4 Q11 16 20:80
Example 31 P-2 4 Q12 16 20:80
Comparative P-1 20 — — 100:0
Example 1
Comparative — — Q-1 20 0:100
Example 2
Comparative PR-1 10 Q-1 10 50:50
Example 3
Comparative P-1 10 QR-1 10 50:50
Example 4
Comparative P-1 10 QR-2 10 50:50
Example 5
Comparative P-1 10 QR-3 10 50:50
Example 6
Comparative P-3 10 QR-2 10 50:50
Example 7
Comparative P-4 10 QR-3 10 50:50
Example 8
Comparative P-1 10 S-1 10 50:50
Example 9
Comparative P-1 10 S-2 10 50:50
Example 10
Comparative P-1 10 S-3 10 50:50
Example 11
Experimental Example
[0232] 1) Preparation of Liquid Crystal Alignment Cell

[0233] Each of the liquid crystal alignment agent compo-
sitions prepared in the examples and comparative examples
was used to prepare a liquid crystal alignment cell.

[0234] Specifically, the liquid crystal alignment agent
composition was coated onto the upper and lower substrates
for a voltage holding ratio (VHR), in which ITO electrodes
with a thickness of 60 nm and an area of 1 cmx1 cm were
patterned on a square glass substrate with a size of 2.5
cmx2.7 cm, by a spin coating method, respectively. Then,
the substrates coated with the liquid crystal alignment agent
were placed on a hot plate at about 70° C. and dried for 3
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minutes to evaporate the solvent. For alignment treatment of
the coated substrates thus obtained, each of upper and lower
coated substrates was irradiated with UV at 254 nm under an
exposure dose of 0.1 to 1.0 Jlem® using an exposure
equipped with a line polarizer. Thereafter, the alignment-
treated upper and lower substrates were baked (cured) in an
oven at about 230° C. for about 30 minutes to obtain a
coating film with a thickness of 0.1 pm. Thereafter, a sealing
agent impregnated with ball spacers with a size of 4.5 um
was coated onto the edges of the upper substrate excluding
a liquid crystal inlet. The alignment films formed on the
upper and lower substrates were then aligned such that they
faced each other and the alignment directions were aligned
with each other, and the upper and lower substrates were
bonded together and the sealing agent was cured with UV
and heat to prepare an empty cell. Then, a liquid crystal was
injected into the empty cells, and the inlet was sealed with
a sealing agent to prepare a liquid crystal cell.

[0235] 2) Evaluation of Liquid Crystal Alignment Prop-
erty
[0236] Polarizing plates were attached to the upper and

lower substrate plates of the above-prepared liquid crystal
cell so as to be perpendicular to each other. At this time, the
polarizing axis of the polarizing plate attached to the lower
substrate plate was allowed to be parallel to the alignment
axis of the liquid crystal cell. The polarizing plate-attached
liquid crystal cell was placed on a backlight having lumi-
nance of 7000 cd/cm?, and light leakage was observed with
the naked eye. When the liquid crystal alignment film had an
excellent alignment property to align liquid crystals prop-
erly, light did not pass through the upper and lower polar-
izing plates which were attached perpendicular to each
other, and the liquid crystal cell was observed dark without
defects. In this case, the alignment property was recorded as
‘good’. When light leakage such as a liquid crystal flow
mark or a bright spot was observed, it was recorded as ‘poor’
in Table 2 below.

[0237] 3) Evaluation of Liquid Crystal Alignment Stabil-
ity

[0238] Polarizing plates were attached to the upper and
lower substrate plates of the above-prepared liquid crystal
alignment cell so as to be perpendicular to each other. The
polarizing plate-attached liquid crystal alignment cell was
attached on a backlight having luminance of 7000 cd/cm?,
and the luminance in a black state was measured using a
luminance measuring instrument PR-880. Then, the liquid
crystal cell was operated at room temperature with an
alternating voltage of 5 V for 24 hours. Thereafter, in the
voltage-off state of the liquid crystal cell, luminance in the
black state was measured as described above. A difference
between the initial luminance (L) measured before opera-
tion of the liquid crystal cell and the later luminance (L))
measured after operation was divided by the initial lumi-
nance (L), and then multiplied by 100 to calculate a
luminance fluctuation rate. As the calculated luminance
fluctuation rate is close to 0%, it means that the alignment
stability is excellent. Through the measurement results of the
luminance fluctuation rate, the afterimage level was evalu-
ated under the following criteria. It is preferable that the AC
afterimage is minimized. In the measurement results, when
the luminance fluctuation rate was less than 10%, it was
evaluated as ‘excellent’, when the luminance fluctuation rate
was between 10% to 20%, it was evaluated as ‘ordinary’,
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and when the luminance fluctuation rate was more than 20%,
it was evaluated as ‘poor’. The results are shown in Table 2
below.

[0239] 4) Measurement of Voltage Holding Ratio (VHR)
[0240] Liquid crystal cells for voltage holding ratio were
prepared using the liquid crystal alignment agents prepared
in Examples 1 to 31 and Comparative Examples 1 to 11 by
the following method, respectively.

[0241] The liquid crystal alignment agent was coated onto
the upper and lower substrates for a voltage holding ratio
(VHR), in which ITO electrodes with a thickness of 60 nm
and an area of 1 cmx1 cm were patterned on a square glass
substrate with a size of 2.5 cmx2.7 cm, by a spin coating
method, respectively.

[0242] Then, the substrates coated with the liquid crystal
alignment agent were placed on a hot plate at about 70° C.
and dried for 3 minutes to evaporate the solvent. For
alignment treatment of the coated substrates thus obtained,
each of upper and lower coated substrates was irradiated
with UV at 254 nm under an exposure dose of 1 J/cm? using
an exposure equipped with a line polarizer. Thereafter, the
alignment-treated upper and lower substrates were baked
and cured in an oven at about 230° C. for 30 minutes to
obtain a coating film with a thickness of 0.1 um. Thereafter,
a sealing agent impregnated with ball spacers with a size of
4.5 um was coated onto the edges of the upper/lower
substrate excluding a liquid crystal inlet. The alignment
films formed on the upper and lower substrates were then
aligned such that they faced each other and the alignment
directions were aligned with each other, and the upper and
lower substrates were bonded together and the sealing agent
was cured with UV and heat to prepare an empty cell. Then,
a liquid crystal was injected into the empty cells, and the
inlet was sealed with a sealing agent to prepare a liquid
crystal cell.

[0243] The voltage holding ratio (VHR) which is an
electrical property of the liquid crystal cell prepared by the
above method was measured using TOYO 6254 equipment.
The voltage holding ratio was measured under harsh con-
ditions of 1V, 1 Hz, and 60° C. The voltage holding ratio of
100% is an ideal value. When the measurement result is 70%
or more, it is evaluated as ‘good’, and when the measure-
ment result is less than 70%, it is evaluated as “poor’, and the
results are shown in Table 2 below.

TABLE 2

Evaluation of
voltage holding
ratio

Evaluation of
liquid crystal
alignment stability

Evaluation of
liquid crystal
alignment property

Example 1  Good Excellent Good
Example 2 Good Excellent Good
Example 3 Good Excellent Good
Example 4  Good Excellent Good
Example 5 Good Excellent Good
Example 6  Good Excellent Good
Example 7 Good Excellent Good
Example 8  Good Excellent Good
Example 9 Good Excellent Good
Example 10 Good Excellent Good
Example 11 Good Excellent Good
Example 12 Good Excellent Good
Example 13 Good Excellent Good
Example 14  Good Excellent Good
Example 15  Good Excellent Good
Example 16  Good Excellent Good
Example 17  Good Excellent Good
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TABLE 2-continued

Evaluation of
voltage holding
ratio

Evaluation of
liquid crystal
alignment stability

Evaluation of
liquid crystal
alignment property

Example 18  Good Excellent Good
Example 19  Good Excellent Good
Example 20  Good Excellent Good
Example 21 Good Excellent Good
Example 22 Good Excellent Good
Example 23 Good Excellent Good
Example 24  Good Excellent Good
Example 25 Good Excellent Good
Example 26  Good Excellent Good
Example 27 Good Excellent Good
Example 28  Good Excellent Good
Example 29  Good Excellent Good
Example 30 Good Excellent Good
Example 31  Good Excellent Good
Comparative Good Ordinary Poor
Example 1

Comparative Poor Poor Good
Example 2

Comparative Poor Poor Poor
Example 3

Comparative Good Good Poor
Example 4

Comparative Good Good Poor
Example 5

Comparative Good Good Poor
Example 6

Comparative Good Good Poor
Example 7

Comparative Good Good Poor
Example 8

Comparative Poor Poor Good
Example 9

Comparative Good Ordinary Good
Example 10

Comparative Poor Poor Poor
Example 11

* Light exposure dose during production of liquid crystal alignment cell: 0.1 to 1.0 Tem?

[0244] As shown in Table 2, it was confirmed that since
each of the liquid crystal alignment agent compositions of
Examples 1 to 31 includes the polymer for the first liquid
crystal alignment agent which is a partially imidized poly-
imide precursor along with the polymer for the second liquid
crystal alignment agent which is a polyimide precursor
derived from a diamine having an asymmetric pyridine
structure, an excellent alignment property may be obtained
without an initial thermosetting process, the AC afterimage-
related luminance fluctuation rate was excellent at less than
10%, and the voltage holding ratio was also excellent at 70%
or more under a high temperature environment, thereby
exhibiting excellent effects in terms of electrical properties.
[0245] In contrast, the liquid crystal alignment agent com-
positions of Comparative Examples 1 to 11 include neither
of the polymer for the first liquid crystal alignment agent
which is a partially imidized polyimide precursor or the
polymer for the second liquid crystal alignment agent which
is a polyimide precursor derived from a diamine having an
asymmetric pyridine structure or include only the polymer
composed of the single component of the diamines, and as
a result, electrical properties or alignment properties of the
liquid crystal cells were remarkably deteriorated.

[0246] Particularly, in the case of Comparative Example 1,
only the polymer for the first liquid crystal alignment agent
which is a partially imidized polyimide precursor was used,
and as a result, there was no problem in the alignment
property of the liquid crystal alignment film, but the AC
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afterimage-related luminance fluctuation rate was 10% or
more, and thus deterioration in the liquid crystal alignment
stability was observed. In addition, the voltage holding ratio
was less than 70%, which was evaluated as ‘poor’. In the
case of Comparative Example 2, only the polymer for the
second liquid crystal alignment agent which is a polyimide
precursor derived from a diamine having an asymmetric
pyridine structure was used. As a result, the voltage holding
ratio was observed at the equivalent level or more, but there
were problems in that light leakage such as a liquid crystal
flow mark or a bright spot was observed in the evaluation of
the alignment property of the liquid crystal alignment film,
and thus it was evaluated as ‘poor’, and the luminance
fluctuation rate of more than 20% was observed in the AC
afterimage evaluation, and thus it was evaluated as ‘poor’.
In the case of Comparative Example 3, the polymer for the
second liquid crystal alignment agent which is a polyimide
precursor derived from a diamine having an asymmetric
pyridine structure was used, but para-phenylenediamine
(p-PDA) was used instead of the partially imidized polyim-
ide precursor as the first liquid crystal polymer, and as a
result, all of the liquid crystal alignment property, stability,
and voltage holding ratio were evaluated as ‘poor’.

[0247] Furthermore, in the case of Comparative Examples
4 to 11, the polymer for the first liquid crystal alignment
agent which is the partially imidized polyimide precursor
was used, but the polymer prepared using para-phenylene-
diamine (p-PDA), oxydianiline (ODA), or methylenediani-
line (MDA) was used instead of the diamine having the
specific asymmetric structure which is the polymer for the
second liquid crystal alignment agent, and as a result, there
was no problem in the liquid crystal alignment property, but
their voltage holding ratio was less than 70%, and thus they
were evaluated as ‘poor’, indicating that there is a problem
in terms of electrical properties.

1. A liquid crystal alignment agent composition compris-
ing a first polymer for a first liquid crystal alignment agent
including two or more repeating units selected from the
group of a repeating unit represented by Chemical Formula
1, a repeating unit represented by Chemical Formula 2, and
a repeating unit represented by Chemical Formula 3,
wherein the repeating unit represented by Chemical Formula
1 is included in an amount of 5 mol % to 74 mol % with
respect to a total of the repeating units represented by the
following Chemical Formulae 1 to 3; and

a second polymer for a second liquid crystal alignment
agent including one or more repeating units selected
from the group of a repeating unit represented by
Chemical Formula 4, a repeating unit represented by
Chemical Formula 5, and a repeating unit represented
by Chemical Formula 6:

[Chemical Formula 1]

AL
TYYT
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[Chemical Formula 2]

[Chemical Formula 3]

[Chemical Formula 4]

[Chemical Formula 5]

[Chemical Formula 6]

wherein, in the Chemical Formulae 1 to 6,

R, R?, R?, and R* are each independently hydrogen or a

C,..0 alkyl, provided that R' and R? are not both
hydrogen, and that R* and R* are not both hydrogen,

X! is a tetravalent organic group represented by Chemical

Formula 7:
[Chemical Formula 7]
R’ R®
* *
* *
RS R’

wherein, in the Chemical Formula 7,

R>, R, R’, and R® are each independently hydrogen or a

C, s alkyl,

X2, X3, X*, X°, and X6 are each independently a tetrava-

lent organic group derived from a hydrocarbon having
4 to 20 carbon atoms, or a tetravalent organic group
derived from a hydrocarbon having 4 to 20 carbon
atoms wherein one or more of H is substituted with a
halogen, or one or more of —CH,— is substituted with
—0—, —CO—, —S—, —8S0—, —S0O,—, or
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—CONH— to prevent direct binding with oxygen or
sulfur atoms in the tetravalent organic group,

in the Chemical Formulae 1 to 3,

Y' to Y? are each independently a divalent organic group
represented by Chemical Formula 8:

[Chemical Formula 8]

()
5]

(RIO)q

i\
VA

(R),

1!

wherein, in the Chemical Formula 8,

R® and R'° are each independently a halogen, a cyano, a
C,.,0 alkyl, a C,_, alkenyl, a C, ,, alkoxy, a C,_|,
fluoroalkyl, or a C,_,, fluoroalkoxy,

p and q are each independently an integer of O to 4,

L' is a single bond, —O—, —CO—, —S—, —SO,—,
—C(CH;),—, —C(CF;),—, —CONH—, —COO—,
—(CH,),—, —O(CH,),0—, —O(CH,),—,

—OCH,—C(CH;),—CH,0—, —COO—(CH,),—
OCO—, or —OCO—(CH,),—COO—, wherein z is an
integer of 1 to 10,

k and m are each independently an integer of 1 to 3,

n is an integer of 0 to 3,

in Chemical the Formulae 4 to 6,

7', 72, and Z? are each independently a divalent organic
group represented by Chemical Formula 9:

[Chemical Formula 9]

Al Rll AZ
AR N
- | A
5
P L

wherein, in the Chemical Formula 9,

Al is an element of nitrogen, phosphorus, arsenic, tin or

bismuth,

R'! is hydrogen or a C, _,,, alkyl,

a is an integer of 1 to 3, and

A2 A’ A* and A® are nitrogen or carbon, provided that

at least one of A% to A® is nitrogen and the others are
carbon.

2. The liquid crystal alignment agent composition of
claim 1, wherein X*, X3, X*, X°, and X6 are each indepen-
dently a tetravalent organic group represented by Chemical
Formula 10:

[Chemical Formula 10]

> > % %
* *
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wherein, in the Chemical Formula 10,

R>, RS, R’, and R® are each independently hydrogen or a
C, ¢ alkyl,

R'? and R*? are each independently hydrogen or a C,_,,

alkyl, and
L? is any one selected from the group consisting of a

single bond, —O— —CO—, —S—, —SO0—,
—S0,—, —CR™R"Y—, —CONH—, —COO—,
—(CH,),—, —O(CH,),0—, —COO—(CH,),—
0CO—, —HN—(CH,),—NH—, —R"*—(CH,),—

NR'*—, phenylene, and combinations thereof, wherein
R'* and R'® are each independently hydrogen, a C,_|,
alkyl, or a C,_, fluoroalkyl, and each b is indepen-
dently an integer of 1 to 10.

3. The liquid crystal alignment agent composition of
claim 1, wherein the Chemical Formula 8 is a divalent
organic group represented by Chemical Formula 11 or
Chemical Formula 12:

[Chemical Formula 11]

N
N

A
___ ___ [
13

wherein, in Chemical Formula 12,

L? is a single bond, —O—, —SO,—, or —CR'°R'"—,
wherein R*® and R'7 are each independently hydrogen
ora C, |, alkyl.

Chemical Formula 12]
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4. The liquid crystal alignment agent composition of
claim 1, wherein in the Chemical Formula 9, any one of A*
to A® is nitrogen and the others are carbon.

5. The liquid crystal alignment agent composition of
claim 1, wherein in the Chemical Formula 9, A% or A® is
nitrogen and the other is carbon, and A® and A* are carbon.

6. The liquid crystal alignment agent composition of
claim 1, wherein in the Chemical Formula 9, A' is nitrogen,
R is hydrogen, and a is 1.

7. The liquid crystal alignment agent composition of
claim 1, wherein the Chemical Formula 9 includes one or
more repeating units selected from the group of Chemical
Formula 9-1, Chemical Formula 9-2, and Chemical Formula
9-3:

[Chemical Formula 9-1]

AI(RI l)a AZ

\"/ N3

[Chemical Formula 9-2]

[Chemical Formula 9-3]
Al Rll AZ
( )HT S
A3 /J
* \A4

wherein, in the Chemical Formulae 9-1 to 9-3,

Al to A°, RY, and a are as defined in claim 1.

8. The liquid crystal alignment agent composition of
claim 1, wherein the first polymer for the first liquid crystal
alignment agent and the second polymer for the second
liquid crystal alignment agent are included at a weight ratio
of 5:95 to 95:5.

9. The liquid crystal alignment agent composition of
claim 1, wherein the second polymer for the second liquid
crystal alignment agent further includes one or more repeat-
ing units selected from the group of a repeating unit repre-
sented by Chemical Formula 13, a repeating unit represented
by Chemical Formula 14, and a repeating unit represented
by Chemical Formula 15:

[Chemical Formula 13]

e} e}
4o~ ##%
¢}
[Chemical Formula 14]
4 § ORY9
RISO N
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(3|
o

wherein, in the Chemical Formulae 13 to 15,
at least one of R*® and R'? is an alkyl group having 1 to
10 carbon atoms and the other is hydrogen,
X’ to X are each independently a tetravalent organic
group, and
Z* to Z° are each independently a divalent organic
group represented by Chemical Formula 16:

[Chemical Formula 15]

[Chemical Formula 16]

N
/J//

RZl)q

[N /..
%A\

RZO)

wherein, in the Chemical Formula 16,

R*® and R?" are each independently a halogen, a cyano, a
C,.10 alkyl, a C,_ |, alkenyl, a C,_, alkoxy, a C, ;o
fluoroalkyl, or a C,_,, fluoroalkoxy,

p' and q' are each independently an integer of 0 to 4,

L* is a single bond, —O—, —CO—, —S—, —SO,—,
—C(CH;),—, —C(CF;),—, —CONH—, —COO—,
—(CH,).—, —O(CH,).—, —O(CH,).—, —OCH,—
C(CH,;),—CH,0—, —COO—(CH,),—0CO—, or

—OCO—(CH,),—COO—, wherein each z is indepen-
dently an integer of 1 to 10,
k' and m' are each independently an integer of 0 to 3, and
n' is an integer of 0 to 3.
10. The liquid crystal alignment agent composition of
claim 9, wherein the Chemical Formula 16 is Chemical
Formula 17 or Chemical Formula 18:

[Chemical Formula 17]

wherein, in the Chemical Formula 18,

L? is a single bond, —O—, —SO,—, or —CR,,R,;—,
wherein R*? and R* are each independently hydrogen
ora C, |, alkyl.

11. A method of producing a liquid crystal alignment film,

the method comprising the steps of:

coating the liquid crystal alignment agent composition of
claim 1 onto a substrate to form a coating film;

drying the coating film;

N
s

[Chemical Formula 18]
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irradiating the coating film with light immediately after
the step of drying the coating film to perform an
alignment treatment; and

heat-treating and curing the alignment-treated coating

film.

12. The method of producing a liquid crystal alignment
film of claim 11, wherein the liquid crystal alignment agent
composition is dissolved or dispersed in an organic solvent.

13. The method of producing a liquid crystal alignment
film of claim 11, wherein the step of drying the coating film
is performed at 50° C. to 150° C.

14. The method of producing a liquid crystal alignment
film of claim 11, wherein in the alignment treatment step, the
light irradiation is performed by irradiating polarized ultra-
violet rays having a wavelength of 150 nm to 450 nm.

15. The method of producing a liquid crystal alignment
film of claim 11, wherein in the step of heat-treating and
curing the coating film, the heat treatment temperature is
150° C. to 300° C.

16. A liquid crystal alignment film which is produced by
the method of claim 11.

17. A liquid crystal display device comprising the liquid
crystal alignment film of claim 16.

#* #* #* #* #*
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