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(7) ABSTRACT

The invention provides a liquid crystal display whichis excel-
lent in both display performance and moisture and heat resis-
tance.

A liquid crystal display of the invention includes a light
source, a liquid crystal cell that includes a pair of substrates
and a liquid crystal layer being placed between the substrates,

(86) PCT No.: PCT/JP2008/067245 : . . o
and a film that contains a thermoplastic resin composition
§371 (c)(1) containing a lactone ring-containing polymer. The film is
@), (4) Date;: Mat. 29. 2010 arranged on the nearer side to the light source of the liquid
’ ’ crystal cell. Further, the liquid crystal display of the invention
(30) Foreign Application Priority Data includes a film that contains a thermoplastic resin composi-
tion containing a lactone ring-containing polymer, wherein
Sep. 28,2007 (IP) oo 2007-256819  each of in-plane retardation (Re) and retardation in a thick-
Sep. 28,2007  (IP) ... 2007-256885 ness direction (Rth) of the film is 10 nm or less, and an
Sep. 24,2008 (JP) coooveiviiie 2008-245034  optically anisotropic layer on the film.
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LIQUID CRYSTAL DISPLAY
TECHNICAL FIELD
[0001] The present invention relates to a liquid crystal dis-
play.
BACKGROUND ART
[0002] Liquid crystal displays are widely used as monitors

of personal computers and portable equipments, and for tele-
vision uses for various advantages, e.g., low voltage, low
consumption of electric power, and capable of miniaturiza-
tion and thinning. Various modes are proposed of these liquid
crystal displays by the state of arrays of liquid crystals in
liquid crystal cells.

[0003] In various kinds of liquid crystal displays, a phase
difference plate is conventionally used for the purpose of
optical compensation. As such phase difference plates, for
example, optical biaxial phase difference plates are exempli-
fied, and these phase difference plates can be mainly manu-
factured by various kinds of polymer film stretching methods
such as a stretching method between rolls, a compression
stretching method between rolls, and a tenter transverse
uniaxially stretching method (refer to Patent Literature 1),
and a method of giving anisotropy by biaxial stretching (refer
to Patent Literature 2). Further, in addition to these, a phase
difference plate using in combination of a uniaxially stretch-
ing polymer film having positive optical anisotropy and a
biaxially stretching polymer film having negative optical
anisotropy small in in-plane phase difference value (refer to
Patent Literature 3), and, not stretching methods as above, a
phase difference plate given negative uniaxiality by making
soluble polyimide a film on a substrate according to the nature
of polyimide is also exemplified (refer to Patent Literature 4).
[0004] According to the above film stretch techniques, it is
possible to give an optical characteristic, e.g., nx>ny>nz, to a
stretched film to be formed. nx, ny and nz respectively show
refractive indexes of X axis; Y axis and Z axis in the film. X
axis is the axial direction showing the maximum refractive
index in the in-plane of film, Y axis is the axial direction
vertical to X axis in the in-plane, and Z axis shows thickness
direction vertical to X axis andY axis. Since double refraction
films having such an optical characteristic can widen viewing
angle of display characteristic of the liquid crystal display
when arranged between a liquid crystal cell and a polarizer of
the liquid crystal display, they are useful as viewing angle
compensatory films of the liquid crystal cell.

[0005] Further, the characteristics of a phase difference
plate and an optically compensatory film for improving view-
ing angle characteristics to the display modes of various kinds
of liquid crystal displays are various, and required perfor-
mances to the supports of phase difference plates and opti-
cally compensatory films corresponding to the characteristics
are also various. As a result, requirements are diversified such
as to heighten optical anisotropy and optical isotropy of the
supports of phase difference plates and optically compensa-
tory films, and at the same time from the viewpoint of the
improvement of the optical characteristics of display, e.g.,
front contrast, requirements for optical performances such as
haze of a phase difference plate and an optically compensa-
tory film have been increasingly severer.

[0006] Further, in the protective film of a polarizing plate
and various phase difference plates and optically compensa-
tory films, cellulose acetate films high in optical isotropy,

Sep. 2,2010

good in moisture permeability, and high in adhesion to PVA
that is used as a polarizer have been conventionally used.
[0007] However, various problems have arisen in liquid
crystal displays in recent years. For example, panel tempera-
ture increases by radiation of inner side circuit and backlight
due to use for long, and when liquid crystal displays are used
under severe environments such as high temperature, high
humidity and low humidity, triacetyl cellulose film of the
protective film of the polarizing plate is subjected to influ-
ences by temperature, humidity and the elapse of time, and
optical characteristics such as Re and Rth and physical char-
acteristics such as moisture content and dimensions are
changed, as a result optical compensation performance var-
ies, light leaks at the time of black display, tint changes, or
image unevenness Occurs.

[0008] On the other hand, a thermoplastic resin material is
disclosed in Patent Literature 5, which is a planar thermoplas-
tic resin composition for optics containing a lactone ring-
containing polymer as a main component or containing a
lactone ring-containing polymer and the other thermoplastic
resins to have optical characteristics and mechanical charac-
teristics suitable for a protective film for optics, an optical film
and an optical sheet, in addition to transparency and heat
resistance when the resin composition is made into a film or a
sheet on specific condition.

[0009] Further, as a liquid crystal display mode, conven-
tionally, a TN mode, which is an arrange state with approxi-
mately 90° twisted toward an upper-side substrate from a
lower-side substrate of a liquid crystal cell, has been typical.
[0010] Generally, a liquid crystal display includes a liquid
crystal cell, an optically compensatory sheet and a polarizer.
The optically compensatory sheet is used in order to prevent
images from coloring, or widen viewing angle, and a film
having liquid crystal applied on a stretched birefringent film
or a transparent film is used. For example, Patent Literature 6
discloses a technique that applies the optically compensatory
sheet fixed by applying and aligning discotic liquid crystal on
atriacetyl cellulose film to liquid crystal cells of the TN mode,
and accordingly widens viewing angle. However, liquid crys-
tal displays for television which are supposed to be viewed
from various angles in large screen cannot satisfy rigorous
requests regarding viewing angle dependency using this
method. Liquid crystal displays such as In-Plane Switching
(IPS) mode, Optically Compensatory Bend (OCB) mode,
Vertically Aligned (VA) mode, which are different from TN
mode, have been studied. In particular, VA mode which has
high contrast and relatively high yield in preparation has
attracted attention as a liquid crystal display (LCD) for tele-
visions (Patent Literature 6).

[0011] When viewed from an inclination direction by wid-
ening the viewing angle of such liquid crystal displays, as
liquid crystal displays for maintaining high contrast, in which
a gradation inversion is not likely to occur, liquid crystal
displays using a phase difference film for viewing angle com-
pensation have been known. For example, as the phase dif-
ference film for viewing angle compensation, a phase differ-
ence film of negative uniaxiality where in-plane retardation
(Re) is substantially 0 and has an optical axis in a direction
perpendicular to the film surface, and a phase difference film
of biaxiality where Re is 100 nm or less, and retardation in a
thickness direction (Rth) of the film is 100 nm or more have
been known. As materials of such phase difference films, for
example, aromatic-based polymers such as polycarbonate-
based polymer, polyarylate-based polymer, or polyester-
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based polymer, acryl-based polymer, or cyclic polyolefin-
based polymer have been known (Patent Literature 7).
[0012] Patent Literature 8 discloses a technique which has
a viewing angle compensation function and reduces contrast
unevenness in high temperature exposure by using a polymer
which has a specific photoelastic coefficient, and Re and Rth
developability.

[0013] PatentLiterature 9 discloses a phase difference plate
which represents wavelength dispersion characteristics of a
Ya wavelength plate or a /2 wavelength plate in a visible light
region (wavelength region of 400 to 700 nm) with a relatively
thin film by having a specific chemical structure.

[0014] Patent Literature 10 discloses a protective film
mainly containing a lactone ring-containing polymer. By
using this, a polarizing plate, which has high bonding strength
regarding the polarizer and the protective film, as well as good
moisture and heat resistance, was obtained. However, with
reference to the relation of the arrangement position of a
protective film to the display performance in liquid crystal
displays, no suggestion has been described.

[0015] [Patent Literature 1] JP-A-3-33719
[0016] [Patent Literature 2] JP-A-3-24502
[0017] [Patent Literature 3] IP-A-4-194820
[0018] [Patent Literature 4] JP-T-8-511812
[0019] [Patent Literature 5] WO 2006/025445A1
[0020] [Patent Literature 6] JP 2587398

[0021] [Patent Literature 7] JP-A-11-95208
[0022] [Patent Literature 8] JP-A-2001-27707
[0023] [Patent Literature 9] JP-A-2006-171464
[0024] [Patent Literature 10] JP-A-2007-127892

SUMMARY OF INVENTION
Problem that the Invention is to Solve

[0025] Accordingly, a first object of the invention is to
provide a liquid crystal display that has little atmosphere
dependency regarding optical performance, in particular,
having little humidity dependency. excellent front contrast,
and further excellent durability.

[0026] Further, in Patent Literature 7, due to the use of a
phase difference film including an aromatic-based polymer,
there is a problem that contrast unevenness in the liquid
crystal display occurs easily when exposed to high tempera-
ture. With reference to a film including an acryl-based poly-
mer or a cyclic polyolefin-based polymer, it should be used by
laminating two or three or more sheets, because there is a
demand for high Re and Rth in liquid crystal displays.
Accordingly, it is not preferred due to high cost and lost
productivity in the liquid crystal display industry where price
competition has been severe recently. Accordingly, a tech-
nique which has a single sheet, and reduces contrast uneven-
ness in high temperature exposure is desired.

[0027] Further, it was found that, in Patent Literature 8, the
suppression of contrast unevenness which has been improved
in high temperature exposure is insufficient, and display per-
formance and quality of a liquid crystal display which have
recently been demanded may not be obtained. Further, it was
found that, in a high temperature exposure test of a polarizing
plate form in which a protective film, a polarizer, and a phase
difference film are laminated sequentially, curling occurs in
the polarizing plate, and contrast unevenness is deteriorated.
The contrast unevenness is a level which is visually recog-
nized as unevenness when an optical film and a polarizing
plate thereof are laminated on liquid crystal displays. Devel-
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opment of an optical film reducing contrast unevenness in
high temperature exposure has been desired.

[0028] A second object of the invention is to provide a
liquid crystal display which is excellent in developability of
in-plane retardation and retardation in a thickness direction
(Rth) of the film, is excellent in process compatibility regard-
ing a polarizing plate, is excellent in durability regarding
atmosphere change, and is able to be produced cheaply and
with good productivity.

[0029] That is, an object which is common to the first and
second objects in the invention is to provide a liquid crystal
display which is excellent in both display performance and
moisture and heat resistance.

Means for Solving the Problem

[0030] As a result of earnest examinations for solving the
above problems, the present inventors have found the opti-
cally compensatory sheet, the polarizing plate, and the liquid
crystal display shown below; thus the invention has been
achieved.

[0031] That is, the first object of the invention is achieved
by the following means.

[0032] [1] A VA (vertical alignment) liquid crystal display
including at least a light source, a liquid crystal cell that
includes a pair of substrates and a liquid crystal layer being
placed between the substrates, and a film that contains a
thermoplastic resin composition containing a lactone ring-
containing polymer, wherein the film is arranged on the
nearet side to the light source of the liquid crystal cell.
[0033] [2] A VA (vertical alignment) liquid crystal display
including at least a film that contains a thermoplastic resin
composition containing a lactone ring-containing polymer,
wherein each of in-plane retardation (Re) and retardation in a
thickness direction (Rth) of the film is 10 nm or less, and an
optically anisotropic layer on the film.

[0034] [3] The VA (vertical alignment) liquid crystal dis-
play as claimed in [ 2], wherein the optically anisotropic layer
is formed by applying a liquefied polymer on the film.
[0035] [4] The VA (vertical alignment) liquid crystal dis-
play as claimed in [ 2], wherein the optically anisotropic layer
contains polyimide.

[0036] Thesecondobjectofthe inventionis achieved by the
following means.

[0037] [5] A VA (vertical alignment) liquid crystal display
including a liquid crystal cell, two polarizing plates disposed
outside the liquid crystal cell, and an optically anisotropic
layer disposed at either of two spaces between the liquid
crystal cell and two polarizing plates, wherein the optically
anisotropic layer contains a lactone ring-containing polymer,
and in-plane retardation Re and retardation in a thickness
direction Rth of the optically anisotropic layer satisfy the
following formulae (A) and (B),

40 nm=Re(550)=275 nm )
0 nm=Rth(550)=275 nm ®)
[0038] wherein Re(550) and Rth(550) represent in-plane

retardation and retardation (nm) in a thickness direction atthe
wavelength of 550 (nm).

[0039] [6] A VA (vertical alignment) liquid crystal display
including a liquid crystal cell, two polarizing plates disposed
outside the liquid crystal cell, and optically anisotropic layers
disposed at both of two spaces between the liquid crystal cell
and two polarizing plates, wherein the optically anisotropic
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layers contain a lactone ring-containing polymer, and in-
plane retardation Re and retardation in a thickness direction
Rth of the optically anisotropic layers satisty the following
formulae (C) and (D).

30 im=Re(550)=80 nm ©)
75 nm=Rth(550)=155 nm D)
[0040] [7] The VA (vertical alignment) liquid crystal dis-

play as claimed in [ 5] or [ 6], wherein the optically anisotropic
layer containing the lactone ring-containing polymer con-
tains at least one retardation developer.

[0041] [8] The VA (vertical alignment) liquid crystal dis-
play as claimed in [7], wherein the retardation developer is a
compound represented by the following formula (I):

Formula ()

3
X3/R

ﬁ*\N
R’ J\ /*
Sy N )|<1

R!

[0042] Wherein X' represents a single bond, —NR*—,
—O— or S—; X* represents asingle bond, —NR*— —0—
or S—; X? represents a single bond, —NR°*— —O—or S—.
R', R? and R? each independently represents an alkyl group,
an alkenyl group, an aromatic group, or a heterocyclic group,
R* R® and R® each independently represents a hydrogen
atom, an alkyl group, an alkenyl group, an aryl group or a
heterocyclic group.

[0043] [9] The VA (vertical alignment) liquid crystal dis-
play as claimed in [7], wherein the retardation developer is a
compound represented by the following formula (II):

Formula (II)

[0044] Wherein L' and L” each independently represents a
single bond, or a divalent connecting group. A’ and A* each
independently represents a group selected from the group
consisting of —O—, —NR— (R represents a hydrogen atom
or a substituent), —S— and —CO—. R', R* and R* each
independently represents a substituent. X represents an atom
of 6th group, 5th group, or 4th group. n represents an integer
of 0 to 2.
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[0045] [10] The VA (vertical alignment) liquid crystal dis-
play as claimed in [7], wherein the retardation developer is a
compound represented by the following formula (I11):

Art 12 X-12AP Formula (I11)

Wherein Ar' and Ar? each independently represents an aro-
matic group, L and L each independently represents a diva-
lent connecting group selected from —O—CO— or
CO—0O— group, and X represents a 1,4-cyclohexylene
group, a vinylene group, or an ethynylene group.

[0046] [11] The VA (vertical alignment) liquid crystal dis-
play as claimed in [5] to [10], wherein the optically anisotro-
pic layer including the lactone ring-containing polymer is
stretched in at least one direction.

[0047] [12] The VA (vertical alignment) liquid crystal dis-
play as claimed in [11], wherein a stretch ratio in the stretch-
ing is 1.3 to 5 times.

ADVANTAGE OF THE INVENTION

[0048] The invention may provide a liquid crystal display
which is excellent in both display performance and moisture
and heat resistance.

[0049] According to an embodiment of the invention, a
liquid crystal display that has little atmosphere dependency
regarding optical performance, in particular, having little
humidity dependency, excellent front contrast, and further
excellent durability, is provided.

[0050] Further, according to another embodiment of the
invention, images of high contrast at a wide viewing angle
may be displayed, and a VA mode liquid crystal display where
color shift (tint changes when viewed from inclination direc-
tion) is reduced may be provided. Further, according to this
embodiment, a liquid crystal display of the invention may be
produced by a simple method.

BRIEF DESCRIPTION OF DRAWINGS

[0051] FIG. 1isthe outline of the cross sectional view of an
example of the optically compensatory sheet in embodiments
1-1 and 1-2 of the invention.

[0052] FIG. 2 is the outline of the cross sectional view of an
example of the polarizing plate embodiments 1-1 and 1-2 of
the invention.

[0053] FIG. 3 isthe outline of the cross sectional view of the
liquid crystal display in BExamples and Comparative
Examples.

[0054] FIG. 4is the outline of the cross sectional view of the
liquid crystal display in Examples and Comparative
Examples.

[0055] FIG.5isthe outline of the cross sectional view of the
liquid crystal display in Examples 1-1 to 1-8 and Comparative
Examples 1-1 to 1-8).

[0056] FIG. 6is the outline of the cross sectional view of the
liquid crystal display in Examples 2-1 to 2-3 and Comparative
Examples 2-1 to 2-3.

[0057] FIG.7isthe outline of the cross sectional view of the
liquid crystal display in Examples 3-1 to 3-3 and Comparative
Examples 3-1 to 3-3.

[0058] FIG. 8 s the outline of the view of the liquid crystal
display according to Example 2-1 of the invention.

[0059] FIG. 9 s the outline of the view of the liquid crystal
display according to Example 2-2 of the invention.

EXPLANATION OF REFERENCE NUMERALS

[0060] 1: UPPER SUBSTRATE OF LIQUID CRYSTAL
CELL
[0061] 3: LOWER SUBSTRATE OF LIQUID CRYSTAL

CELL
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[0062] 5: LIQUID CRYSTAL LAYER (LIQUID CRYS-
TAL MOLECULE)

[0063] 8a, 85: POLARIZING FILM

[0064] 9a, 95: ABSORPTION AXIS OF POLARIZING
FILM

[0065] 104, 105: OPTICALLY ANISOTROPIC LAYER

[0066] 11a. 115 SLOW AXIS OF OPTICALLY ANISO-

TROPIC LAYER

[0067] 10: OPTICALLY COMPENSATORY SHEET
[0068] 12: THERMOPLASTIC RESIN FILM

[0069] 14: OPTICALLY ANISOTROPIC LAYER

[0070] 16: POLARIZING FILM

[0071] 18: PROTECTIVE FILM

[0072] 20: POLARIZING PLATE

[0073] 101: OUTER PROTECTIVE FILM OF UPPER

POLARIZING PLATE
[0074] 102: POLARIZING FILM OF UPPER POLARIZ-
ING PLATE

[0075] 103: SUPPORT

[0076] 104: UPPER OPTICALLY ANISOTROPIC
LAYER

[0077] 105: UPPER SUBSTRATE OF LIQUID CRYS-

TAL CELL

[0078] 106: LIQUID CRYSTAL LAYER

[0079] 107: LOWER SUBSTRATE OF LIQUID CRYS-
TAL CELL

[0080] 108: LOWER OPTICALLY ANISOTROPIC
LAYER

[0081] 109: SUPPORT

[0082] 110: POLARIZING FILM OF LOWER POLARIZ-

ING PLATE
[0083] 111: OUTER PROTECTIVE FILM OF LOWER
POLARIZING PLATE

DESCRIPTION OF EMBODIMENTS

[0084] The invention will be described in detail below. In
the specification of the invention, the description “from a
certain value to a certain value” is used to mean to include
these values as the greatest lower bound and the least upper
bound respectively. In the specification of the invention,
“group” such as alkyl group and the like may have or may not
have a substituent, unless otherwise indicated. Further, in a
case of a group in which a carbon atom number is restricted,
the carbon atom number means the number including the
carbon atom number of the substituent. Substantially
orthogonal or parallel’ strictly means a range of angle +10°.
[0085] In the specification of the invention, Re(A) and Rth
(A) are respectively in-plane retardation and retardation in a
thickness direction at wavelength A. Re(}.) is measured by
projecting light of wavelength A nm in the direction of normal
line of the film by KOBRA 21ADH or WR (manufactured by
Oji Scientific Instruments).

[0086] When the film to be measured is a film expressed by
uniaxial or biaxial refractive index ellipsoid, Rth(A) is com-
puted according to the following method.

[0087] With in-plane slow axis (judged by KOBRA
21ADH or WR) as inclined axis (rotation axis) (when there is
no slow axis, arbitrary direction in the plane of the film is
taken as a rotation axis), Re(A) is measured at six points from
the normal line in the direction of the normal line of the film
of one side to 50° with every 10° step by making incidence of
light of wavelength A nm from each inclined direction, and
Rth(A) is computed by KOBRA 21 ADH or WR on the basis
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of the measured retardation values, the assumption value of
the average refractive index, and the inputted film thickness
value.

[0088] In the above, in the case of a film having the direc-
tion where the value of retardation is zero at a certain inclined
angle with the slow axis in the plane from the normal line
direction as a rotation axis, after the sign of the retardation
value at an inclined angle larger than the inclined angle is
changed to minus, Rth(\) is computed by KOBRA 21 ADH or
WR.

[0089] Incidentally, with the slow axis as the inclined axis
(rotation axis) (when there is no slow axis, arbitrary direction
in the plane of the film is taken as a rotation axis), and the
retardation value is measured from arbitrary inclined two
directions, and Rth can also be computed according to the
following expressions (10) and (11) on the basis of the mea-
sured retardation values, the assumption value of the average
refractive index, and the inputted film thickness value.

nyxnzg d (10)

Re(9) = |nx - X
sin
sin(—6) ]
(=)

{nysin[sin’l(y]]}z + | os
{nzcos[sin’1 (&n;é)) H}z

Rth:m+ny><d an
2-nz
[0090] In the expression, Re() represents a value of retar-

dation in the direction inclined by angle 0 from the direction
of the normal line.

[0091] Inthe expressions, nx represents the refractive index
in the slow axis direction in the plane, ny represents the
refractive index in the direction orthogonal to nx in the plane,
nz represents the refractive index in the direction orthogonal
to nx and ny, and d represents a film thickness (um).

[0092] In the case of a film that cannot be expressed by
uniaxial or biaxial refractive index ellipsoid, i.e., a film not
having what is called an optical axis, Rth(\) is computed
according to the following method.

[0093] With in-plane slow axis (judged by KOBRA
21ADH or WR) as inclined axis (rotation axis), Re(A) is
measured at eleven points in the direction of the normal line
of the film from -50° to +50° with every 10° step by making
incidence of light of wavelength A nm from each inclined
direction, and Rth(h) is computed by KOBRA 21 ADH or
WR on the basis of the measured retardation values, the
assumption value of the average refractive index, and the
inputted film thickness value.

[0094] In the above measurement, as the assumption value
of the average refractive index, the values described in Poly-
mer Handbook, John Wiley & Sons, Inc. and catalogs of
various optical films can be used. With respect to optical films
whose values of average refractive index are unknown, the
values can be measured with an Abbe refractometer. The
values of average refractive indexes of main optical films are
shown below.

[0095] Cellulose acylate (1.48), cycloolefin polymer
(1.52), polycarbonate (1.59), polymethyl methacrylate
(1.49), and polystyrene (1.59)

[0096] By inputting the assumption value of an average
refractive index and a film thickness, KOBRA 21ADH or WR



US 2010/0220272 Al

computes nx, ny and nz. From the computed nx, ny and nz,
Nz=(nx-nz)/(nx-ny) is further computed.

[0097] In the specification of the invention, when the mea-
surement wavelength is not especially described, Re and Rth
are taken as those at wavelength of 550 nm.

Embodiments 1-1 and 1-2

[0098] A VA (vertical alignment) liquid crystal display
according to Embodiment 1-1 of the invention includes at
least a light source, a liquid crystal cell having a pair of
substrates and a liquid crystal layer being placed between the
substrates, and a film containing a thermoplastic resin com-
position containing a lactone ring-containing polymer. The
film is arranged on the nearer side of the light source of the
liquid crystal cell. Regarding the film containing a thermo-
plastic resin composition containing a lactone ring-contain-
ing polymer, the description of “a thermoplastic resin film
containing a lactone ring-containing polymer” in the opti-
cally compensatory sheet described below can be referred to
as it is.

[0099] “The film is arranged on the nearer side of the light
source of the liquid crystal cell” means that the film contain-
ing a thermoplastic resin composition containing a lactone
ring-containing polymer is provided on the outermost layer
(i.e., the nearest side to light source) when one film layer or
more is provided on the side of the light source of the liquid
crystal cell. The film preferably is provided as a protective
film of a polarizing plate.

[0100] According to the VA (vertical alignment) liquid
crystal display according to Embodiment 1-1 of the invention,
the VA (vertical alignment) liquid crystal display has little
atmosphere dependency regarding optical performance, in
particular, little humidity dependency, little haze, excellent
front contrast, and further excellent durability and atmo-
sphere dependency.

[0101] A VA (vertical alignment) liquid crystal display
according to Embodiment 1-2 of the invention includes at
least a film containing a thermoplastic resin composition
containing a lactone ring-containing polymer, has 10 nm or
less of in-plane retardation Re and retardation in a thickness
direction Rth of the film respectively, and has an optically
anisotropic layer on the film.

[0102] According to the VA (vertical alignment) liquid
crystal display according to Embodiment 1-2 of the invention,
the VA (vertical alignment) liquid crystal display is excellent
in developability of in-plane retardation and retardation in a
thickness direction, is excellent in process compatibility of a
polarizing plate, is excellent in durability regarding atmo-
sphere change, and is able to be produced cheaply and with
good productivity.

[0103] The outline of the cross sectional view of an
example of the optically compensatory sheet usable in
Embodiments 1-1 and 1-2 of the invention is shown in FIG. 1.
[0104] Optically compensatory sheet 10 shown in FIG. 1 is
a laminate of thermoplastic resin film 12 containing a pre-
scribed polymer and optically anisotropic layer 14. Optically
anisotropic layer 14 consists of a polymer layer formed by
application. Optical characteristics of optically compensa-
tory sheet 10 are adjusted responding to the mode of the liquid
crystal cell to be an object of optical compensation. Thermo-
plastic resin film 12 may be an optically anisotropic film
contributing to optical compensation or may be an optically
isotropic film, but when thermoplastic resin film 12 is isotro-
pic, adjustment of optimization of optical characteristics of
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the optically compensatory sheet 10 is easy. For example, in
adjusting optical characteristics by subjecting thermoplastic
resin film 12 to stretching treatment after forming a polymer
layer on the film by application, it is sufficient to determine
stretching condition considering only the portion of contri-
bution of the optical characteristics of optically anisotropic
layer 14 capable of obtaining by stretching the polymer layer
without taking the portion of contribution of thermoplastic
resin film 12 into consideration. Thermoplastic resin film 12
may of course be optically anisotropic. When thermoplastic
resin film 12 is optically anisotropic, it is preferred in the
aspects that the portion of contribution of the optical charac-
teristics of optically anisotropic layer 14 to optical compen-
sation performance can be reduced, and the thickness of the
polymer layer can be made thinner.

[0105] The outline of the cross sectional view of an
example of the polarizing plate in the invention is shown in
FIG. 2.

[0106] Polarizing plate 20 shown in FIG. 2 consists of
optically compensatory sheet 10, polarizing film 16 and pro-
tective film 18. Thermoplastic resin film 12 of optically com-
pensatory sheet 10 also functions as the protective film of
polarizing film 16. Protective film 18 includes a polymer film
such as a cellulose acylate film, or a cycloolefin-based poly-
mer film. Protective film 18 may be the same as thermoplastic
resin film 12.

[0107] Incidentally, when polarizing plate 20 is arranged in
a liquid crystal display, it is preferred to arrange optically
compensatory sheet 10 to face the liquid crystal cell side, i.e.,
inner side.

[0108] Since optically compensatory sheet 10 in this
embodiment has a structure of lamination of optically aniso-
tropic layer 14 comprising a polymer layer and thermoplastic
resin film 12 containing a lactone ring-containing polymer,
atmosphere dependency, in particular atmospheric humidity
dependency, of optical performance is little, and variation in
in-plane retardation (Re) and retardation in a thickness direc-
tion (Rth) due to atmosphere is smaller. As a result, the per-
formances of polarizing plate 20 having optically compensa-
tory sheet 10 as a protective film also hardly vary depending
upon atmosphere, and the display characteristics such as con-
trast of the liquid crystal display having optically compensa-
tory sheet 10 as the protective film are also little in atmosphere
dependency and excellent in durability. On one hand, when
thermoplastic resin film 12 alone is subjected to stretching
treatment to give sufficient optical characteristics to optical
compensation performance, a haze value increases and char-
acteristics as the optically compensatory sheet result in
impairment. In the embodiment, by making a laminate of
thermoplastic resin film 12 and polymer layer 14, atmosphere
dependency of the optical performance can be reduced with-
out increasing the haze value.

[0109] The optically compensatory sheet in the embodi-
ment is a laminate of a thermoplastic resin film containing a
prescribed polymer and a polymer layer formed by applica-
tion, and by this lamination constitution, the optically com-
pensatory sheet shows characteristics such that haze is small
and atmosphere dependency of optical characteristics is
small. Specifically, the liquid crystal display according to the
Embodiment 1-2 may be obtained.

[0110] Itis preferred for the thermoplastic resin film of the
optically compensatory sheet in the embodiment to have the
differences of both 10 nm or less in the value of in-plane
retardation (Re) and the value of retardation in a thickness
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direction (Rth) measured at the atmosphere 0f25° C. 10% RH
and the Re value and Rth value measured at the atmosphere of
25° C. 80% RH, and more preferably from 0to 5 nm.
[0111] In the optically compensatory sheet in the embodi-
ment, the equilibrium moisture content at atmosphere of 25°
C. 80% RH is preferably 1.5% or less.

[0112] In the optically compensatory sheet in the embodi-
ment, the haze value is preferably 1.5% or less, and more
preferably from 0 to 1.0%.

[0113] Various materials for use in the manufacture of the
optically compensatory sheet in the embodiment and manu-
facturing methods will be described in detail below.

[0114] The optically compensatory sheet in the embodi-
ment is an optically compensatory sheet obtained by lamina-
tion of an optically anisotropic layer comprising a polymer
layer formed by application and a thermoplastic resin film
containing a lactone ring-containing polymer.

[Optically Anisotropic Layer]

[0115] In the invention, it is preferred that the optically
anisotropic layer be formed by applying a liquefied polymer
on a thermoplastic resin film containing a lactone ring-con-
taining polymer. That is, it is preferred that the optically
anisotropic layer include a polymer layer formed by applica-
tion. More specifically, the polymer layer is formed as a
coating layer by liquefying a polymer (including making a
solution of a polymer by dissolving a polymer in a solvent),
extending, and solidifying the extended layer (hereinafter
referred to as “a coating method”). That is, the optically
anisotropic layer is a polymer layer formed by application. By
forming the optically anisotropic layer according to a coating
method, an optically anisotropic layer having sufficient opti-
cal characteristics can be obtained even if the thickness of the
layer is 0.1 to 20 pm or so. In a stretching film method to
reveal optical characteristics by stretching one polymer film,
it is difficult to make the thickness of the film 20 wm or less
from the point of film strength, in particular it is difficult to
give aiming phase difference characteristics in that thickness.
In the invention, thinning of a film is possible by forming a
polymer layer according to the above method. From the
points of thinning of a film and impartation of aiming phase
difference characteristics, the thickness of the polymer layer
is preferably 15 um or less, more preferably 12 um or less, and
still more preferably 10 pm or less.

[0116] The polymer materials for use in forming a polymer
layer are not especially restricted and any materials can be
used so long as a film can be formed by a coating method, and
optical characteristics sufficient for optical compensation can
be revealed without or with stretching treatment. It is pre-
ferred to select polymer materials from polymer materials
capable of forming a polymer layer having Re(630) in the
range of from 0 to 200 nm and Rth(630) in the range of from
0 to 400 by a coating method. It is especially preferred to
select polymer materials from heat resisting polymer materi-
als capable of forming a polymer layer having excellent light
transmittance of 75% or more, particularly 85% or more.
From the aspect of film forming property, it is preferred to use
one, or two or more as mixture selected from polyether ketone
(in particular, polyaryl ether ketone). polyamide, polyester,
polyimide, polyamideimide, and polyester imide. In particu-
lar, it is preferred that an optically anisotropic layer includes
polyimide, and accordingly optical property stability
becomes excellent.

[0117] Further, the polymer layer may be a polymer layer
formed by making a polymeric liquid crystal composition a
prescribed orientation state, and curing the orientation state
by polymerization and the like.
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[0118] As the specific examples of the polyether ketone, in
particular the specific examples of polyaryl ether ketone,
those disclosed in JP-A-2001-49110 are exemplified. Specifi-
cally, polyaryl ether ketone having a repeating unit repre-
sented by the following formula (1) is exemplified.

Formula (1)

X
CO@O—(—N%
\ m

[0119] Informula(1), X represents halogen, an alkyl group,
or an alkoxy group.

[0120] Asthehalogen represented by X in formula (1), e.g.,
a fluorine atom, a bromine atom, a chlorine atom and an
iodine atom are exemplified, and a fluorine atom is especially
preferred of them. As the alkyl group, an alkyl group having
from 1to 6 carbon atoms, e.g., a methyl group, an ethyl group,
a propyl group, an isopropy! group, and a butyl group, and a
halogen-substituted alkyl group of these alkyl groups are
preferred, and a straight chain or branched chain alkyl group
having from 1 to 4 carbon atoms, and halogen-substituted
alkyl groups of these alkyl groups are especially preferred.
More specifically a methyl group, an ethyl group, and a trif-
luoromethyl group are exemplified.

[0121] As the alkoxy group represented by X, an alkoxy
group having from 1 to 6 carbon atoms, e.g., a methoxy group,
an ethoxy group, a propoxy group, an isopropoxy group, and
a butoxy group, and halogen-substituted alkoxy groups of
these alkoxy groups are preferred, and a straight chain or
branched chain alkoxy group having from 1 to 4 carbon
atoms, and a halogen-substituted alkoxy group of these
alkoxy groups are especially preferred. More specifically a
methoxy group, an ethoxy group, and a trifluoromethoxy
group are exemplified.

[0122]

[0123] In formula (1), q means a bonding number of X to
the benzene ring, and is the number of substitution of the
hydrogen atom, exclusive of the bonding position to a p-tet-
rafluorobenzoylene group and an oxyalkylene group, i.e., an
integer of from 0 to 4.

X especially preferably represents a fluorine atom.

[0124] In formula (1), R' is a group represented by the
following formula (2); m represents O or 1; and n represents a
degree of polymerization, which is from 2 to 5,000, and
preferably from 5 to 500.

Formula (2)

) F F
Xy
2
//\“
| Co 0—R2—0—
\
F F
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[0125] 1In the group represented by formula (2), X' repre-
sents halogen, an alkyl group or an alkoxy group, and the
value of q' representing a bonding number of X' to the ben-
zene ring is an integer of from 0 to 4. As the halogen, alkyl
group or alkoxy group represented by X', the same groups as
those described in X above can be exemplified.

[0126] The preferred examples of X' include a fluorine
atom, a methyl group, an ethyl group, halogenated alkyl
groups of these alkyl groups, such as a trifluoromethyl group,
a methoxy group, an ethoxy group, and halogenated alkoxy
groups of these alkoxy groups, such as a trifluoromethoxy
group. A fluorine atom is especially preferred.

[0127] In formula (1), X and X' may be the same as or
different from each other. Further, in formulae (1) and (2), two
or more X and X' present in the molecule when q and q'
represent 2 or more may be the same as or different from each
other.

[0128] R' is especially preferably a group represented by
the following formula (3).

Formula (3)

F F
CO‘QiO_RZ o—
F F
r

[0129] In formulae (2) and (3), R* represents a divalent
aromatic group, and p is 0 or 1. The examples of the divalent
aromatic groups include an (0-, m- or p-)phenylene group, a
naphthalene group, a biphenyl group, an anthracene group, an
(0-, m- or p-)terphenyl group, a phenanthrene group, a diben-
zofuran group, a biphenyl ether group, a biphenyl sulfone
group, and divalent aromatic groups selected from the follow-
ing group 1. In the divalent aromatic groups, the hydrogen
directly bonded to the aromatic ring may be substituted with
the above halogen, alkyl group or alkoxy group.

[0130] The divalent aromatic group (R?) is represented by
any of the following formulae.

00

Group 1
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-continued

X

CH,

<
s

S
<

[0131] The polyaryl ether ketone represented by formula
(1) may comprise the same repeating unit, or may have two or
three or more different repeating units. In the latter case, each
repeating unit may be present in a block state or may be
present randomly.

[0132] Of the polvaryl ether ketones represented by for-
mula (1), apolyaryl ether ketone represented by the following
formula (4) is preferred.

Formula (4)

[0133] Preferred polyaryl ether ketone inthe case of includ-
ing the molecular terminal groups is represented by the fol-
lowing formula (5) corresponding to formula (1), and the one
corresponding to formula (4) is represented by the following
formula (6). These are polyaryl ether ketones in which a
fluorine atom is bonded to the p-tetrafluorobenzoylene group
side in the molecule and a hydrogen atom is bonded to the
oxyalkylene group side.

Formula (5)

a0 tR'y—

Formula (6)

n
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[0134] Informulae (4)to (6), formula (1), R*, X, m, n, and
q are the same as formula (1).

[0135] On one hand, as the specific examples of the above
polyamides or polyesters, e.g., those having a repeating unit
represented by the following formula (7) are exemplified.

S
_"@@"_@j@_

[0136] In formula (7), B represents halogen, an alkyl group
having from 1 to 3 carbon atoms, a halide of the alkyl group,
aphenyl group substituted with one or two or more thereof, or
anunsubstituted phenyl group; z represents an integer of from
0to3.

[0137] Erepresents a covalent bond, an alkenyl group hav-
ing 2 carbon atoms, or a halide thereof, a CH, group, a
C(CX;), group, a CO group, an O atom, an S atom, an SO,
group, an Si(R), group, or an NR group.

[0138] Xinthe C(CXs;), group represents a hydrogen atom
or halogen, R in the Si(R), group and NR group represents an
alkyl group having from 1 to 3 carbon atoms, or a halide
thereof. Incidentally, E is on the meta-position or para-posi-
tionto a carbonyl grouporay group. The halogen is a fluorine
atom, a chlorine atom, an iodine atom or a bromine atom
(hereinafter the same in formula (7)).

[0139] Y further represents an O atom or an NH group. A
represents a hydrogen atom, halogen, an alkyl group having
from 1 to 3 carbon atoms or a halide of the alkyl group, a nitro
group, a cyano group, a thioalkyl group having from 1 to 3
carbon atoms, an alkoxy group having from 1 to 3 carbon
atoms or a halide of the alkoxy group, an aryl group or a halide
of the aryl group, an alkyl ester group having from 1 to 9
carbon atoms, an aryl ester group having from 1 to 12 carbon
atoms or a substituted derivative thereof, an arylamido group
having from 1 to 12 carbon atoms or a substituted derivative
thereof.

[0140] nis an integer of from O to 4; p is an integer of from
0to 3; qis an integer of from 1 to 3, and r is an integer of from
0 to 3. Preferred polyamide or polyester is polyamide or
polyester in which each of the above rand q represents 1, and
at least one biphenyl ring thereof is substituted on the 2- and
2'-positions and having a repeating unit represented by the
following formula (8).

Formula (8)
Bx Bm Ay Am
0] (o]
I II
—C C=Y Y—

Bm BY Am AY

[0141] In formula (8), m represents an integer of from 0 to
3, preferably 1 or 2; x and y each represents 0 or 1, provided
that they do not represent 0 at the same time. Other symbols
are the same as those in formula (7), but E represents a
covalent bond of para-orientation to the carbonyl group or Y

group.
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[0142] 1In formulae (7) and (8), when a plurality of B, E, Y
and A are present in the molecule, they may be the same as or
different from each other. z, n, m, x and y may also be the
same as or different from each other. In that case, B, E, Y, A,
7, n, m, X and y are judged independently.

[0143] The polyamide or polyester represented by formula
(7) may comprise the same repeating unit, or may have two or
three or more different repeating units. In the latter case, each
repeating unit may be present in a block state or may be
present randomly.

[0144] On the other hand, as the specific examples of the
polyimides, e.g., those containing a condensation polymer-
ization product of 9,9-bis(aminoaryl)fluorene and aromatic
tetracarboxylic acid dianhydride and having one or more
units of repeating units represented by the following formula
(9) are exemplified.

Formula (9)

[0145] In formula (9), R represents a hydrogen atom, halo-
gen, a phenyl group, a phenyl group substituted with an alkyl
group having from 1 to 4 halogens or from 1 to 10 carbon
atoms, or an alkyl group having from 1 to 10 carbon atoms.
Four R’s can be determined independently, and they can be
substituted in the range of from 0 to 4. The substituents are
preferably those described above, but different substituents
may be contained partially. The halogen is a fluorine atom, a
chlorine atom, an iodine atom or a bromine atom (hereinafter
the same in formula (9)).

[0146] Z represents a tri-substituted aromatic group having
from 6 to 20 carbon atoms. Z preferably represents a pyrom-
ellitic group, polycyclic aromatic group such as a naphthyl-
ene group, a fluorenylene group, a benzofluorenylene group,
an anthracenylene group, or a substituted derivative of the
polycyclic aromatic group, or a group represented by the
following formula (10). As the substituents in the substituted
derivative of the polycyclic aromatic group, halogen, an alkyl
group having from 1 to 10 carbon atoms and a fluorinated
product of the alkyl group can be exemplified.

OO

[0147] In formula (10), D represents a covalent bond, a
C(R?), group, a CO group, an O atom, an S atom, an SO,
group, an Si(C,H;), group, an N(R?), group, or a combina-

Formula (10)
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tion of these groups; m represents an integer of from 1 to 10;
each of two R¥’s independently represents a hydrogen atom or
a C(R™*), group; each of two R*’s independently represents a
hydrogen atom, an alkyl group having from 1 to about 20
carbon atoms, or an aryl group having from about 6 to about
20 carbon atoms; and each of three R*s independently rep-
resents a hydrogen atom, a fluorine atom or a chlorine atom.

[0148] Besides the polyimides described above, those hav-
ing a repeating unit represented by the following formula (11)
or (12) can also be exemplified. Polyimide having a repeating
unit represented by the following formula (13) is especially
preferred.

Formula (11)

PO-CLAQHOL

Formula (12)

B IALIA
=

Formula (13)

IALIA
JfQﬂLv 1LQ1Lv

[0149] In formulae (11), (12) and (13), T and L each rep-
resents halogen, an alkyl group having from 1 to 3 carbon
atoms, a halide of the alkyl group, a phenyl group substituted
with one or two or more of these groups, or an unsubstituted
phenyl group. Thehalogen is a fluorine atom, a chlorineatom,
an iodine atom or a bromine atom (hereinafter the same in

formulae (11), (12) and (13)). z represents an integer of from
0to 3.

[0150] G and J each represents a covalent bond or a single
bond, a CH, group, a C(CX;), group, a CO group, an O atom,
an S atom, an SO, group, an Si(C,Hs), group, or an N(CH,)
group. X in the C(CX;), group represents a hydrogen atom
or halogen.

[0151] A represents a hydrogen atom, halogen, an alkyl
group or a halide of the alkyl group, a nitro group, a cyano
group, a thioalkyl group, an alkoxy group or a halide of the
alkoxy group, an aryl group or a halide of the aryl group, an
alkyl ester group, or a substituted derivative of the alkyl ester
group.

[0152] R represents a hydrogen atom, halogen, a phenyl
group or a substituted phenyl group such as a halide thereof,
or an alkyl group or a substituted alkyl group such as an alkyl
halide. m represents an integer of from 0 to 2, n represents an
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integer of from O to 4, p represents an integer of from 0 to 3,
and q represents an integer of from 1 to 3.

[0153] In formulae (11), (12) and (13), when a plurality of
T, A, R and L are independently present in the molecule, they
may be the same as or different from each other, z, n and m
may also be the same as or different from each other. In that
case, T, A, R, L, z, n and m are judged independently.

[0154] Polyimides represented by any of formula (9), (11),
(12) and (13) may include the same repeating unit, or may
have two or three or more different repeating units. The dif-
ferent repeating units may be formed by copolymerization of
at least either of acid dianhydride and diamine other than the
above. As the diamine, aromatic diamine is especially pre-
ferred. In the latter case of having different repeating units,
each repeating unit may be present in a block state or may be
present randomly.

[0155] As the acid dianhydrides for forming different
repeating units, e.g., pyromellitic acid dianhydride, 3,6-
diphenylpyromellitic acid dianhydride, 3,6-bis(trifluorom-
ethyl)pyromellitic acid dianhydride, 3,6-dibromopyromel-
litic acid dianhydride, 3,6-dichloropyromellitic acid
dianhydride, 3,3',4,4'-benzophenone-tetracarboxylic acid
dianhydride, 2,3,3',4'-benzophenonetetracarboxylic  acid
dianhydride, 2,2',3,3'-benzophenonetetracarboxylic acid
dianhydride, 3,3',4,4'-biphenylcarboxylic acid dianhydride,
and bis(2,3-dicarbophenyl)methane dianhydride are exem-
plified.

[0156] Further, bis(2.5,6-trifluoro-3,4-dicarboxyphenyl)
methane dianhydride, 2,2-bis(3,4-dicarboxyphenyl)-1,1,1,3,
3,3-hexafluoropropane dianhydride, bis(3,4-dicarboxyphe-
nyljether dianhydride (4,4'-oxydiphthalic acid anhydride),
bis(3,4-dicarboxyphenyl)sulfone  dianhydride (3,3',4,4'-
diphenylsulfonetetracarboxylic acid anhydride), and 4,4'-[4,
4'-isopropylidene-di(p-phenyleneoxy)]bis(phthalic acid
anhydride) can also be exemplified as the examples of the acid
dianhydrides.

[0157] Further, as the examples of the acid dianhydrides,
N,N-(3,4-dicarboxy-phenyl)-N-methylamine dianhydride,
bis(3,4-dicarboxyphenyl)diethylsilane dianhydride, naph-
thalenetetracarboxylic acid dianhydrides, such as 2,3,6,7-
naphthalene-tetracarboxylic acid dianhydride, 1,2,5,6-naph-
thalene-tetracarboxylic acid dianhydride, 2,6-
dichloronaphthalene-1,4,5,8-tetracarboxylic acid
dianhydride, and heterocyclic aromatic tetracarboxylic acid
dianhydrides, such as thiophene-2,3,4,5-tetracarboxylic acid
dianhydride, pyrazine-2,3,5,6-tetracarboxylic acid dianhy-
dride, pyridine-2,3,5,6-tetracarboxylic acid dianhydride can
also be exemplified.

[0158] The examples of preferably used acid dianhydrides
include 2,2'-substituted dianhydride, such as 2,2'-dibromo-4,
4'5,5'-biphenyltetracarboxylic acid dianhydride, 2,2'-
dichloro-4.4',5,5"-biphenyltetracarboxylic acid dianhydride,
and 2.2'-trihalo-substituted dianhydride, and 2,2-bis(trifluo-
romethyl)-4,4',5,5'-biphenyltetracarboxylic acid dianhydride
is especially preferred.

[0159] On the other hand, as the diamines for forming the
different repeating units, e.g., benzenediamine, such as (o-,
m- or p-)phenylenediamine, 2,4-diaminotoluene, 1,4-di-
amino-2-methoxybenzene, 1,4-diamino-2-phenylbenzene,
and 1,3-diamino-4-chlorobenzene, 4,4'-diaminobiphenyl,
4,4-diaminodiphenylmethane, 2,2-bis(4-aminophenyl)pro-
pane,  2,2-bis(4-aminophenyl)-1,1.1,3,3,3-hexafluoropro-
pane, 4,4'-diaminodiphenyl ether, 3,4'-diaminodiphenyl
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ether, 1,3-bis(3-aminophenoxy)-benzene, 1,3-bis(4-ami-
nophenoxy)benzene, and 1,4-bis(4-aminophenoxy)benzene
are exemplified.

[0160] Further, 4.4'-bis(4-aminophenoxy)biphenyl, 4,4'-
bis(3-aminophenoxy)-biphenyl, 2,2-bis[4-(4-aminophe-
noxy )phenyl|propane,  2,2-bis[4-(4-aminophenoxy)-phe-
nyl]-1,1,1,3,3,3-hexafluoropropane,  4,4'-diaminodiphenyl
thicether, 4,4'-diamino-diphenylsulfone, 2,2'-diaminoben-
zophenone, 3,3'-diaminobenzophenone, naphthalenedi-
amine, such as 1,8-diaminonaphthalene, and 1,5-diaminon-
aphthalene, and heterocyclic aromatic diamines, such as 2,6-
diaminopyridine, 2,4-diaminopyridine, and 2,4-diamino-S-
triazine can also be exemplified as the examples of the
diamines.

[0161] Preferably used polyimides are heat resisting and
solvent-soluble polyimides manufactured by using aromatic
acid dianhydride, such as 2,2'-bis(3,4-dicarboxy-phenyl)-
hexafluoropropane dianhydride, 4,4'-bis(3,4-dicarboxyphe-
nyl)-2,2-diphenylpropane dianhydride, naphthalenetetracar-
boxylic acid dianhydride, and (3,4-dicarboxyphenyl)sulfone
dianhydride.

[0162] As the diamines, heat resisting and solvent-soluble
polyimides manufactured by using aromatic diamines, such
as  4,4-(9-fluorenylidene)dianiline,  2,2'-bis-(trifluorom-
ethyl)-4,4'-diaminobiphenyl,  3,3'-dichloro-4,4'-diamino-
diphenylmethane, 2,2'-dichloro-4,4'-diaminobiphenyl, 2,2,
5,5'-tetrachlorobenzidine, 2,2-bis(4-aminophenoxyphenyl)
propane, 2,2-bis(4-aminophenoxyphenyl)
hexafluoropropane, 1,4-bis(4-aminophenoxy)benzene, 1,3-
bis(4-aminophenoxy )benzene, and 1,3-bis(3-
aminophenoxy )benzene are also preferably used.

[0163] On the other hand, the polyamideimides or polyes-
ter imides are not especially restricted and proper one or two
or more kinds can be used. The polyamideimides disclosed in
JP-A-61-162512, and the polyester imides disclosed in JP-A-
64-38472 are preferably used.

[0164] By introducing a unit in which the face of a ring
structure such as a fluorene ring is vertically rising to the main
chain, as shown in formula (9), a refractive index in the
orthogonal direction to the stretching direction increases
when a polymer layer is stretched, and a film large in a
refractive index in the width direction can be obtained by
vertical uniaxial stretching in a rolled film. By the use of such
a film, a polarizing plate having optically compensatory per-
formance can be manufactured by sticking on a polarizing
film by roll-to-roll even with a vertically uniaxially stretched
film.

[0165] Further, by adjusting the proportion of a unit in
which the face of a ring structure such as a fluorene ring is
vertically rising to the main chain as shownin formula (9) and
a unit in which aromatic rings are arrayed in the main chain
direction, dispersion of the wavelengths of the polymer layer
can be adjusted.

[0166] The molecular weight of the polymers for use in
forming a polymer layer is not especially restricted, but the
polymers soluble in a solvent are preferred. From the points
of accuracy of the thickness ofa coating film, accuracy of the
surface, smoothness of the surface, film strength, prevention
of the occurrence of cracks due to extension, contraction, and
distortion in making a film, and solubility in a solvent (pre-
vention of gelation), the molecular weight of the polymers as
mass average molecular weight is preferably from 10,000 to
1,000,000, more preferably from 20,000 to 500,000, and still
more preferably from 50.000 to 200,000. The mass average
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molecular weight is a value measured by gel permeation
chromatography (GPC) with polyethylene oxide as the stan-
dard sample and dimethylformamide as the solvent.

[0167] In forming a polymer layer, polymers such as the
above-described polyaryl ether ketone, polyamide, polyester
and polyimide may be used alone, or two or more of the same
kinds of polymers may be used as mixture. Further, a mixture
of two or more kinds of polymers having different functional
groups, such as polyaryl ether ketone and polyamide may also
be used.

[0168] In forming a polymer layer, one or two or more
proper polymers other than those described above may be
used in combination. As the examples of the polymers foruse
in combination, thermoplastic resins such as polyethylene,
polypropylene, polystyrene, polymethyl methacrylate, ABS
resin, AS resin, polyacetate, polycarbonate, polyamide, poly-
ethylene terephthalate, polybutylene terephthalate, polyphe-
nylene sulfide, polyether sulfone, polyketone, polyimide,
polycyclohexane-dimethanol terephthalate, polyallylate, and
a liquid crystal polymer (including a photo-polymerizable
liquid crystal monomer) are exemplified.

[0169] Further, thermosetting resins such as epoxy resins,
phenolic resins, and novolak resins are also exemplified as the
polymers for use in combination. The use amount of the
polymers for use in combination is not especially restricted so
long as the amount is in the range that the orientation of the
polyether ketone does not conspicuously lower. The amount
is generally preferably 50 mass % or less, more preferably 40
mass % or less, and still more preferably 30 mass % or less.
[0170] By theuse of a plurality of polymers in combination
as described above, dynamical mechanical characteristics
such as optical anisotropy, wavelength dispersing property,
strength, and modulus of elasticity, and physical characteris-
tics such as water permeability, plane property, adhesion to a
polymer film, and adhesion to an adhesive can be adjusted to
a preferred range.

[0171] Forthe liquefaction of a solid polymer for forming a
polymer layer, amethod of heating and melting a thermoplas-
tic polymer and a method of dissolving a solid polymer in a
solvent to make a solution can be arbitrarily adopted. Accord-
ingly, the solidification of the extended layer can be done by
cooling the extended layer in the former melt, and eliminating
the solvent from the extended layer and drying in the latter
solution. In forming a polymer layer, various additives such
as stabilizers, plasticizers, and metals can be blended accord-
ing to necessity.

[0172] Thickness unevenness of a polymer layer causes
unevenness of Re(h) and Rth(A) of an optically compensatory
sheet, so that it is preferred to reduce thickness unevenness.
Thickness unevenness of a polymer layer can be reduced by
the adjustments of coating means and drying means, and the
reduction is also possible by the improvement of smoothness
of a support on which a polymer layer is applied. Thickness
unevenness can be conspicuously reduced by the addition of
aleveling agent to the coating solution of a polymer layer. As
the leveling agent, materials having a surface activating prop-
erty capable of reducing the surface tension of the coating
solution of a polymer layer are used.

[0173] As such leveling agents, polyethylene glycol type
nonionic surfactants, such as nonylphenol ethylene oxide
adducts and stearic acid ethylene oxide adducts; polyhydric
alcohol type nonionic surfactants, such as sorbitan palmitic
acid monoester, sorbitan stearic acid monoester, and sorbitan
stearic acid triester; fluorine surfactants, such as perfluoro-
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alkyl ethylene oxide adducts, perfluoroalkyl carboxylate, and
perfluoroalkyl betain; and silicone surfactants, such as alkyl-
modified silicone oil and polyether-modified silicone oil are
exemplified. More specifically, as silicone surfactant, Dispar-
lon LS-009 (manufactured by Kusumoto Chemicals, [td.), as
fluorine surfactants, Defenser MCF-323, Megafac F-171,
F-172,F-177,F-142D, F-144D, and F-140NK (manufactured
by Dainippon Ink and Chemicals Inc.), Fluorad FC-430,
FC-170, and FC-170C (manufactured by Sumitomo 3M Lim-
ited), and as acrylic surfactants, Disparlon L.-1980 (manufac-
tured by Kusumoto Chemicals, [td.) and Modaflow (Mon-
santo Japan Limited) are exemplified. In addition, those
disclosed in JP-A-9-230143 can also be used.

[0174] Since the leveling agents have a surface activating
property, they are mostly distributed on the surface of a poly-
mer layer. When a leveling agent is largely present on the
surface of a polymer layer formed, the adhering property of
the polymer layer to an adhesive, which is used in sticking a
polarizing plate on a liquid crystal cell, becomes weak, and
the adhesive remains on the liquid crystal cell in rework
operation of peeling the polarizing plate from the liquid crys-
tal cell in a case where there is disorder in the liquid crystal
cell, and work of wiping off the adhesive with an organic
solvent is separately necessary, which worsens operation effi-
ciency. In particular, when a fluorine surfactant is used, there
are cases where adhesion to an adhesive weakens. Although a
leveling agent is very effective to reduce the thickness
unevenness of a polymer layer, it is not necessary for the
leveling agent to remain on the surface of the polymer layer
after the polymer layer has been formed, and it is rather
preferred for the leveling agent to vanish from the surface of
the polymer layer. It is preferred that the leveling agent on the
surface of the polymer layer be eliminated by saponification
treatment carried out at the time of sticking the optically
compensatory sheet having the polymer layer on a polarizing
film. Alternatively, the leveling agent may be washed out with
an organic solvent.

[0175] A polymer layer may be formed by applying a poly-
mer material and then drying. Drying can be performed by a
natural drying method (air drying), a heating drying method,
in particular a heating drying method at 40 to 200° C., and a
drying method under reduced pressure, and one or two or
more proper methods can be used. For the reduction of thick-
ness unevenness due to drving unevenness in drying, it is
preferred that the air of the atmosphere just after application
is laminar air flow, and air speed is preferably 1 m/min or less.
Further, for the purpose of preventing generation of the thick-
ness unevenness of a applied layer due to the movement of
drying air blown just after application, it is preferred to pet-
form condensation drying not blowing drying air.

[0176] As the above solvents, halogenated hydrocarbon
solvents such as chloroform, dichloromethane, carbon tetra-
chloride, dichloroethane, tetrachloroethane, trichloroethyl-
ene, tetrachloroethylene, chlorobenzene, and orthodichlo-
robenzene, phenols such as phenol and parachlorophenol,
aromatic hydrocarbons such as benzene, toluene, xylene,
methoxybenzene, and 1,2-dimethoxybenzene, ketones such
as acetone, methyl ethyl ketone, methyl isobutyl ketone,
cyclohexanone, cyclopentanone, 2-pyrrolidone, and N-me-
thyl-2-pyrrolidone, and esters such as ethyl acetate and butyl
acetate are exemplified.

[0177] Further, as the examples of the above solvents, alco-
hols such as t-butyl alcohol, glycerol, ethylene glycol, trieth-
ylene glycol, ethylene glycol monomethyl ether, diethylene
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glycol dimethyl ether, propylene glycol, dipropylene glycol,
and 2-methyl-2,4-pentanedione, amides such as dimethylfor-
mamide and dimethyl-acetamidem, nitriles such as acetoni-
trile and butyronitrile, ethers such as diethyl ether, dibutyl
ether, and tetrahydrofuran, in addition, methylene chloride,
carbon disulfide, ethyl cellosolve, and butyl cellosolve are
also exemplified.

[0178] The solvents can be used by one kind alone, or two
or more kinds may be mixed in proper combination. From the
point of viscosity in coating, the coating solution preferably
comprises from 2 to 100 mass parts of a solid polymer dis-
solved in 100 mass parts of the solvent, more preferably from
5 to 50 mass parts, and especially preferably from 10 to 40
mass parts of a solid polymer.

[0179] The solvents having a function of capable of dis-
solving the materials for forming a polymer layer are of
course selected, but it is preferred to select the solvents not
corroding a support on which a polymer layer solution is
applied.

[0180] For extending a liquefied polymer, proper film-
forming methods such as casting methods and extrusion
methods, e.g., a spin coating method, a roll coating method, a
flow coating method, a printing method, a dip coating
method, a casting film-forming method, a bar coating method
and a gravure printing method can be used. From the point of
quantity production of films little in thickness unevenness and
orientation distortion unevenness, a solution film-forming
method such as a casting method is especially preferably
used.

[0181] From the aspect of optically compensatory effect,
Re(630) of the polymer layer is preferably from 0 to 200 nm,
more preferably from 5 to 100 nm, and especially preferably
from 10 to 50 nm. Rth(630) of the polymer layer is preferably
from 0 to 400 nm, more preferably from 10 to 200 nm, and
especially preferably from 20 to 150 nm.

[0182] After solidification of the extended layer, for the
purpose of controlling Re and the like, if necessary, the poly-
mer layer may be subjected to treatment of orientation of the
molecules in the plane. That is, in the state of mere solidifi-
cation of the extended layer, Re is generally small. Inciden-
tally, when the layer thickness is made 5 um, Re is generally
preferably 15 nm or less, and more preferably from 0.1 to 10
nm

[0183] On the other hand, by the orientation treatment, the
accuracy of orientation axis in the plane can be heightened,
and Re can be increased. Accordingly, phase difference char-
acteristics such as Rth(A) and Re(A) can be controlled.

[0184] The orientation treatment of the molecules in the
plane as described above can be performed by at least either
extension treatment or contraction treatment. The extension
treatmernt can be carried out as stretching treatment. As the
stretching treatment, one or two or more proper methods of a
biaxial stretching method by a successive system or a simul-
taneous system, and a uniaxial stretching method such as a
free end system or a fixed end system can be used. Uniaxial
stretching is preferred from the point of restraining a boring
phenomenon.

[0185] On one hand, contraction treatment can be per-
formed by a method of forming a polymer layer by applying
on a substrate, and acting the contraction force by making use
of dimensional change brought about by the temperature
change of the substrate. In that case, substrates having con-
traction property such as a heat contraction film can be used,
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and it is preferred at that time to control the coefficient of
contraction with a stretching machine and the like.

[0186] A preferred forming method of a polymer layer is a
method of extending a polymer solution obtained by dissolv-
ing materials in a solvent and liquefying on the surface of a
thermoplastic resin film described later, and drying, and if
necessary, performing either or both of extension treatment
and contraction treatment through the film. According to the
method, the polymer layer can be treated in the state of being
supported with the thermoplastic resin film, so that the
method is excellent in manufacturing efficiency and treat-
ment accuracy, and continuous manufacture is also possible.

[A Thermoplastic Resin Film Containing a Lactone Ring-
Containing Polymer]

[0187] The optically compensatory sheet in the embodi-
ment has a thermoplastic resin film containing a lactone ring-
containing polymer. The film may be optical anisotropy or
optical isotropy. The thermoplastic resin film containing a
lactone ring-containing polymer of the invention will be
described in detail below, but the scope of the invention is not
restricted by the following description. Those other than the
following exemplifications are also practicable by arbitrarily
changing without departing from the spirit of the invention.

[0188] A Lactone Ring-Containing Polymer

[0189] A thermoplastic resin film containing a lactone ring-
containing polymer for use in the embodiment has a film
width of preferably 1,300 mm or more, and more preferably
1,500 mm or more. The thickness of the film is preferably
from 20 to 100 um, and more preferably from 20 to 65 um.
The thermoplastic resin film containing a lactone ring-con-
taining polymer for use in the invention contains a lactone
ring-containing polymer as the main component. The ther-
moplastic resin film may contain other thermoplastic resins.
[0190] The lactone ring-containing polymer preferably has
a lactone ring structure represented by the following formula
(20).

Formula (20)
COOR? R?

CH,
\4%/ Ay

|
C
/\O

cH
RN

[0191] In the formula, R', R and R? each independently
represents a hydrogen atom or an organic residue having from
1 to 20 carbon atoms, and the organic residue may contain an
oxygen atom.

[0192] The organic residue is preferably from 1 to 15 car-
bon atoms, more preferably from 1 to 12 carbon atoms, fur-
ther preferably from 1 to 8 carbon atoms, and more preferably
from 1 to 5 carbon atoms. The organic residue includes a
substituted or unsubstituted alkyl group, a substituted or
unsubstituted aryl group, a substituted or unsubstituted
alkoxy group and the like. The alkyl groups (a methyl group,
an ethyl group, an isopropyl group, an n-butyl group, a t-butyl
group and the like) are preferred. The substituent includes an
alkyl group, an aryl group, an alkoxy group and the like. R',
R? and R? are more preferably a hydrogen atom, a methyl
group, an ethyl group, and a propyl group, further preferably
ahydrogen atom, a methyl group, and an ethyl group, and still
more preferably a hydrogen atom, and a methyl group.
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[0193] The proportion of content of the lactone ring struc-
ture represented by formula (20) in the structure of the lactone
ring-containing polymer is preferably from 5 to 90 mass %,
more preferably from 10 to 70 mass %, still more preferably
from 10 to 60 mass %, and especially preferably from 10 to 50
mass %. By containing the lactone ring structure in the pro-
portion of 5 mass % or more, heat resistance, solvent resis-
tance and surface hardness of the polymer obtained are liable
to increase, and by containing the lactone ring structure in the
proportion of 90 mass % or less, forming processability of the
obtained polymer is liable to improve.

[0194] The lactone ring-containing polymer may have
structures other than the lactone ring structure represented by
formula (20). As the structures other than the lactone ring
structure represented by formula (20), for example, poly-
meric structural units (repeating structural units) formed by
polymerization of at least one monomer selected from the
group consisting of (meth)acrylic acid ester, a hydroxyl
group-containing monomer, unsaturated carboxylic acid, and
a monomer represented by the following formula (21) as
described later as the manufacturing method of the lactone
ring-containing polymer are preferred.

Formula (21)
CH,=—C—R*
X
[0195] Informula (21), R* represents a hydrogen atom ora

methyl group; X represents a hydrogen atom, an alkyl group
having from 1 to 20 carbon atoms, an aryl group, an —OAc
group, a—CN group, a —CO—R? group, ora —CO—O0—
R® group; Ac represents an acetyl group; and R’ and R® each
represents a hydrogen atom or an organic residue having from
1 to 20 carbon atoms.

[0196] The organic residue having from 1 to 20 carbon
atoms may be referred to as the description of the organic
resesude in the formula (20).

[0197] X preferably represents an alkyl group or an aryl
group (a methyl group, an ethyl group, a propyl group, an
isopropyl group, an n-butyl group, an isobutyl group, a t-butyl
group, a cyclohexyl group, or a benzyl group).

[0198] The proportion of the content of the structure other
than the lactone ring structure represented by formula (20) in
the structure of the lactone ring-containing polymer is, in the
case of apolymeric structural unit (a repeating structural unit)
formed by polymerization of (meth)acrylic acid ester, pref-
erably from 10 to 95 mass %, more preferably from 10 to 90
mass %, still more preferably from 40 to 90 mass %, and
especially preferably from 50 to 90 mass %, and in the case of
a polymeric structural unit (a repeating structural unit)
formed by polymerization of a hydroxyl group-containing
monomer, the proportion of the content is preferably from O to
30 mass %, more preferably from 0 to 20 mass %, still more
preferably from 0 to 15 mass %, and especially preferably
from 0 to 10 mass %. Further, in the case of a polymeric
structural unit (a repeating structural unit) formed by poly-
merization of unsaturated carboxylic acid, the content is pref-
erably from 0 to 30 mass %, more preferably from 0 to 20
mass %, still more preferably from O to 15 mass %, and
especially preferably from Oto 10 mass %. Further, in the case
of a polymeric structural unit (a repeating structural unit)
formed by polymerization of a monomer represented by for-
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mula (21), the content is preferably from 0 to 30 mass %,
more preferably from 0 to 20 mass %, still more preferably
from 0 to 15 mass %, and especially preferably from 0 to 10
mass %.

[0199] The manufacturing methods of the lactone ring-
containing polymer are not especially restricted. For
example, the lactone ring-containing polymer can be
obtained by forming polymer (a) having a hydroxyl group and
an ester group in the molecular chain according to a polymet-
ization process, and subjecting the obtained polymer (a) to
heating treatment to introduce a cyclic structure to the poly-
mer by a lactone cyclization condensation process.

[0200] Inthe polymerization process, the polymer having a
hydroxyl group and an ester group in the molecular chain can
be obtained by, for example, performing polymerization reac-
tion of monomer components blended with a monomer rep-
resented by the following formula (22).

Formula (22)
RS

CH,=—=C—CH—O0OH

COOR’

[0201] Informula (22), R” and R® each represents a hydro-
gen atom or an organic residue having from 1 to 20 carbon
atoms.

[0202] The organic residue having from 1 to 20 carbon
atoms may be referred to as the description of the organic
resesude in the formula (20).

[0203] As the monomer represented by formula (22), e.g.,
methyl 2-(hydroxymethyl)acrylate, ethyl 2-(hydroxymethyl)
acrylate, isopropyl 2-(hydroxymethyl)acrylate, n-butyl
2-(hydroxymethyl)acrylate, and tert-butyl 2-(hydroxym-
ethylacrylate are exemplified. Of these monomers, methyl
2-(hydroxy-methyl)acrylate and ethyl 2-(hydroxymethyl)
acrylate are preferred, and methyl 2-(hydroxymethyl)acry-
late is especially preferred for capable of improving heat
resistance effectually. These monomers may be used by one
kind alone, or two or more monomers may be used in com-
bination.

[0204] The proportion of the content of the monomer rep-
resented by formula (22) in the monomer components foruse
in the polymerization process is preferably from 5 to 90 mass
%, more preferably from 10 to 70 mass %, still more prefer-
ably from 10 to 60 mass %, and especially preferably from 10
to 50 mass %. When the proportion of the content of the
monomer represented by formula (22) is 5 mass % or more,
heat resistance, solvent resistance and surface hardness of the
obtained polymer are liable to better, while when proportion
of the content of the monomer represented by formula (22) is
90 mass % or less, gelation occurs in the polymerization
process and the lactone cyclization condensation process, and
the processability of the obtained polymer is liable to
improve.

[0205] Monomers other than the monomer represented by
formula (22) may be blended with the monomer components
for use in the polymerization process. Such monomers are not
especially restricted and, for example, (meth)acrylic acid
ester, a hydroxyl group-containing monomer, unsaturated
carboxylic acid, and a monomer represented by the following
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formula (21) are exemplified. These monomers may be used
by one kind alone. or two or more monomers may be used in
combination.

[0206] The (meth)acrylic acid esters are not especially
restricted so long as they are (meth)acrylic acid esters other
than the monomer represented by formula (22), for example,
acrylic acid esters, e.g., methyl acrylate, ethyl acrylate, n-bu-
tyl acrylate, isobutyl acrylate, tert-butyl acrylate, cyclohexyl
acrylate, and benzyl acrylate; methacrylic acid esters, e.g.,
methyl methacrylate, ethyl methacrylate, propyl methacry-
late, n-butyl methacrylate, isobutyl methacrylate, tert-butyl
methacrylate, cyclohexyl methacrylate, and benzyl meth-
acrylate are exemplified. These (meth)acrylic acid esters may
be used by one kind alone, or two or more kinds may be used
in combination. Of these (meth)acrylic acid esters, methyl
methacrylate is especially preferred for being excellent in
heat resistance and transparency of the obtained polymers.
[0207] When the (meth)acrylic acid esters other than the
monomer represented by formula (22) are used, the propor-
tion of their content in the monomer components for use in the
polymerization process is preferably from 10 to 95 mass %,
more preferably from 10 to 90 mass %, still more preferably
from 40 to 90 mass %, and especially preferably from 50 to 90
mass %.

[0208] The hydroxyl group-containing monomers are not
especially restricted so long as they are hydroxyl group-
containing monomers other than the monomer represented by
formula (22), for example, 2-(hydroxyalkyDacrylate, e.g.,
a-hydroxymethylstyrene,  a-hydroxyethylstyrene, and
methyl 2-(hydroxyethyl)acrylate; and 2-(hydroxyalkyl)-
acrylic acid, e.g., 2-(hydroxyethyl)acrylic acid are exempli-
fied. These hydroxyl group-containing monomers may be
used by one kind alone, or two or more kinds may be used in
combination.

[0209] When hydroxyl group-containing monomers other
than the monomer represented by formula (22) are used, the
proportion of their content in the monomer components for
use in the polymerization process is preferably from 0 to 30
mass %, more preferably from 0 to 20 mass %, still more
preferably from 0 to 15 mass %, and especially preferably
from 0 to 10 mass %.

[0210] As the unsaturated carboxylic acids, e.g., acrylic
acid, methacrylic acid, crotonic acid, a-substituted acrylic
acid, and o-substituted methacrylic acid are exemplified.
These unsaturated carboxylic acids may be used by one kind
alone, or two or more kinds may be used in combination. Of
these unsaturated carboxylic acids, acrylic acid and meth-
acrylic acid are especially preferred.

[0211] When the unsaturated carboxylic acids are used, the
proportion of their content in the monomer components for
use in the polymerization process is preferably from 0 to 30
mass %, more preferably from 0 to 20 mass %, still more
preferably from 0 to 15 mass %, and especially preferably
from 0 to 10 mass %.

[0212] As the monomers represented by formula (21), e.g.,
styrene, o-methylstyrene, vinyltoluene, acrylonitrile, methyl
vinyl ketone, ethylene, propylene, and vinyl acetate are exem-
plified. These monomers may be used by one kind alone, or
two or more kinds may be used in combination. Of these
monomers, styrene and a-methylstyrene are especially pre-
ferred.

[0213] When the monomers represented by formula (21)
are used, the proportion of their content in the monomer
components for use in the polymerization process is prefer-
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ably from 0 to 30 mass %, more preferably from 0to 20 mass
%, still more preferably from 0 to 15 mass %, and especially
preferably from 0 to 10 mass %.

[0214] As the type of polymerization process for obtaining
the polymer having ahydroxyl group and an ester group in the
molecular chain by polymerization of monomer components,
a type of polymerization using solvents is preferred, and
solution polymerization is especially preferred.

[0215] Polymerization temperature and polymerization
time vary in accordance with the kinds and proportions of the
monomers to be used. For example, polymerization tempera-
ture is preferably from 0 to 150° C. and polymerization time
is from 0.5 to 20 hours, and more preferably polymerization
temperature is from 80 to 140° C. and polymerization time is
from 1 to 10 hours.

[0216] In the case of polymerization using solvents, the
polymerization solvents are not especially restricted and, for
example, aromatic hydrocarbon-based solvents, e.g., toluene,
xylene and ethyl benzene; ketone-based solvents, e.g., methyl
ethyl ketone and methyl isobutyl ketone; ether-based sol-
vents, e.g., tetrahydrofuran are exemplified. These solvents
may be used by one kind alone, or two or more solvents may
be used in combination. When the boiling point of the solvent
is too high, the residual volatile content of finally obtained
lactone ring-containing polymer becomes high, so that sol-
vents having the boiling point of from 50 to 200° C. are
preferred.

[0217] A polymerization initiator may be added at the time
of polymerization reaction, if necessary. The polymerization
initiator is not especially restricted and, for example, organic
peroxides, e.g., cumene hydroperoxide, diisopropylbenzene
hydroperoxide, di-tert-butyl peroxide, lauroyl peroxide, ben-
zoyl peroxide, tert-butyl peroxyisopropyl carbonate, and tert-
amylperoxy-2-ethyl hexanoate; and azo compounds, e.g.,
2,2'-azobis(isobutyronitrile), 1,1'-azobis(cyclohexanecarbo-
nitrile), and 2,2'-azobis(2,4-dimethylvaleronitrile) are exem-
plified. These polymerization initiators may be used by one
kind alone, or two or more polymerization initiators may be
used in combination. The use amount of the polymerization
initiator may be arbitrarily decided according to the combi-
nation of polymers and reaction condition and is not espe-
cially restricted.

[0218] In performing polymerization reaction, it is pre-
ferred to control the concentration of the formed polymer in
the polymerization reaction mixture to 50 mass % or less so as
to restrain gelation of the reaction solution. Specifically,
when the concentration of the formed polymer in the poly-
merization reaction mixture exceeds 50 mass %, it is pre-
ferred to control the concentration to lower to 50 mass % or
less by properly adding a polymerization solvent to the poly-
merization reaction mixture. The concentration of the formed
polymer in the polymetrization reaction mixture is more pref-
erably 45 mass % or less, and still more preferably 40 mass %
or less. When the concentration of the formed polymer in the
polymerization reaction mixture is too low, there are cases
where productivity lowers, so that the concentration of the
formed polymer in the polymerization reaction mixture is
preferably 10 mass % or more, and more preferably 20 mass
% or more.

[0219] A method of arbitrarily adding a polymerization
solvent to the polymerization reaction mixture is not espe-
cially restricted. For example, a polymerization solvent may
be added continuously or may be added intermittently. By
controlling the concentration of the formed polymer in the
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polymerization reaction mixture in this manner, gelation of
the reaction solution can be restrained more sufficiently. In
particular, even when the proportions of the hydroxyl groups
and ester groups in the molecular chains are increased by
raising the proportion of the lactone ring content to improve
heat resistance, the gelation can be sufficiently restrained.
The polymerization solvent to be added may be the same kind
as the solvent used at initial time of the polymerization reac-
tion or may be different kind, but it is preferred to use the same
kind of solvent as the solvent used at initial time of the
polymerization reaction. Further, the polymerization solvent
to be added may be a single solvent of one kind alone or may
be a mixed solvent of two or more kinds.

[0220] A solvent is generally contained besides the
obtained polymer in the mixture of polymerization reaction
obtained at termination of the polymerization process, but it is
not necessary to completely remove the solvent to take out the
polymer in a solid state, and it is preferred that the polymer is
introduced to enter the succeeding lactone cyclization con-
densation process in a state of containing the solvent. Alter-
natively, if necessary, after taking out the polymer in a solid
state, a proper solvent may be added again in the succeeding
lactone cyclization condensation process.

[0221] Thepolymer obtained in the polymerization process
is polymer (a) containing a hydroxyl group and an ester group
in the molecular chain. The mass average molecular weight of
polymer (a) is preferably from 1,000 to 2,000,000, more
preferably from 5,000 to 1,000,000, still more preferably
from 10,000 to 500,000, and especially preferably from
50,000 to 500,000. Polymer (a) obtained in the polymeriza-
tion process is then subjected to heating treatment in the
succeeding lactone cyclization condensation process, by
which a lactone ring structure is introduced into the polymer
to obtain a lactone ring-containing polymer.

[0222] Thereaction for introducing a lactone ring structure
into polymer (a) is reaction to generate a lactone ring structure
by cyclization condensation of a hydroxyl group and an ester
group present in the molecular chain of polymer (a) by heat-
ing, and alcohol is by-produced by the cyclization condensa-
tion. By forming a lactone ring structure in the molecular
chain (in the main skeleton of the polymer), high heat resis-
tance is given. When the reaction rate of the cyclization con-
densation reaction to introduce a lactone ring structure is
insufficient, there are cases where sufficient heat resistance
cannot be obtained, or condensation reaction occurs in the
middle of formation of a lactone ring-containing polymer by
heating treatment at the time of formation and generated
alcohol forms bubbles or silver streaks in a formed product.

[0223] A lactone ring-containing polymer obtained in the
lactone cyclization condensation process preferably has a
lactone ring structure represented by the formula (20).

The method of heating treatment of polymer (a) is not espe-
cially restricted and conventionally known methods can be
arbitrarily used. For example, polymerization reaction mix-
ture containing a solvent obtained by polymerization process
may be subjected to heating treatment as it is, or may be
subjected to heating treatment by using a ring closing catalyst
in the presence of a solvent, if necessary. Alternatively, heat-
ing treatment can be carried out with a furnace or a reactor
equipped with a vacuum device for eliminating a volatile
content or a volatilizer, or with an extruder equipped with a
volatilizer.

[0224] In performing the cyclization condensation reac-
tion, in addition to polymer (a), other thermoplastic resins
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may be coexistent. Further, in the cyclization condensation
reaction, if necessary, as a catalyst of the cyclization conden-
sationreaction, a generally used esterification catalyst such as
p-toluenesulfonic acid, or an ester exchange catalyst may be
used. Further, organic carboxylic acid, such as acetic acid,
propionic acid, benzoic acid, acrylic acid, or methacrylic acid
may be used as a catalyst. Further, the basic compounds,
organic carboxylic acids and carbonates may be used as dis-
closed in JP-A-61-254608 and JP-A-61-261303.

[0225] An organic phosphorus compound may be used as
the catalyst in the cyclization condensation reaction as
described in JP-A-2001-151814. By using an organic phos-
phorus compound as the catalyst, not only the reaction rate of
the cyclization condensation reaction can be improved and,
but also coloration of the lactone ring-containing polymer to
be obtained can be widely reduced. Further, by using an
organic phosphorus compound as the catalyst, reduction of
molecular weight that may occur when a volatilizing process
described later is used in combination can be restrained, so
that excellent mechanical strength can be given.

[0226] The organic phosphorus compounds that can be
used as the catalysts in the cyclization condensation reaction
include, for example, alkyl(aryl)phosphonous acids, such as
methylphosphonous acid, ethylphosphonous acid, and phe-
nylphosphonous acid (however, these may be alkyl(aryl)
phosphinic acids of tautomers), and monoesters or diesters of
the alkyl(aryl)phosphonous acids; dialkyl(aryl)phosphinic
acids, such as dimethylphosphinic acid, diethylphosphinic
acid, diphenylphosphinic acid, phenylmethylphosphinic
acid, phenylethylphospinic acid, and esters of the dialkyl
(aryl)phosphinic acids; alkyl(aryl)phosphonic acids, such as
methylphosphonic acid, ethylphosphonic acid, trifluorom-
ethylphosphonic  acid, phenylphosphonic acid, and
monoesters and diesters of the alkyl(aryl)phosphonic acids;
alkyl(aryl)-phosphinous acids, such as methylphosphinous
acid, ethylphosphinous acid, phenylphosphinous acid, and
esters of the alkyl(aryl)phosphinous acids; phosphorous acid
monoester, diester and triester, such as methyl phosphite,
ethyl phosphite, phenyl phosphite, dimethyl phosphite,
diethyl phosphite, diphenyl phosphite, trimethyl phosphite,
triethyl phosphite, and triphenyl phosphite; phosphoric acid
monoesters, diesters, triesters, such as methyl phosphate,
ethyl phosphate, 2-ethylhexyl phosphate, octyl phosphate,
isodecyl phosphate, lauryl phosphate, stearyl phosphate,
isostearyl phosphate, phenyl phosphate, dimethyl phosphate,
diethyl phosphate, di-2-ethylhexyl phosphate, diisodecyl
phosphate, dilauryl phosphate, distearyl phosphate, diisos-
tearyl phosphate, diphenyl phosphate, trimethyl phosphate,
triethyl phosphate, triisodecyl phosphate, trilauryl phosphate,
tristearyl phosphate, triisostearyl phosphate, and triphenyl
phosphate; mono-, di- and tri-alkyl(aryl)phosphine, such as
methylphosphine, ethylphosphine, phenylphosphine, dim-
ethylphosphine, diethylphosphine, diphenylphosphine, trim-
ethylphosphine, triethylphosphine, and triphenylphosphine;
alkyl(aryl)halogen-phosphine, such as methyldichlorophos-
phine, ethyldichloro-phosphine, phenyldichlorophosphine,
dimethylchlorophosphine,  diethylchloro-phosphine, and
diphenylchlorophosphine; mono-, di- and tri-alkyl(aryl)
phosphine oxide, such as methylphosphine oxide, ethylphos-
phine oxide, phenylphosphine oxide, dimethylphosphine
oxide, diethylphosphine oxide, diphenylphosphine oxide, tri-
methylphosphine oxide, triethylphosphine oxide, and triph-
enylphosphine oxide; and halogenated tetraalkyl(aryl)phos-
phonium, such as tetramethylphosphonium chloride,
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tetracthylphosphonium chloride, and tetraphenylphospho-
nium chloride. These organic phosphorus compounds may be
used by one kind alone, or two or more compounds may be
used in combination. Of these organic phosphorus com-
pounds, alkyl(aryl)phosphonous acids, phosphorous acid
monoestet, diester, phosphoric acid monoesters, diesters, and
alkyl(aryl)phosphonic acids are preferred for being high in
catalytic activity and low in coloration; alkyl(aryl)phospho-
nous acids, phosphorous acid monoester, diester, and phos-
phoric acid monoesters, diesters are more preferred; and alkyl
(aryl)phosphonous acids and phosphoric acid monoesters,
diesters are especially preferred.

[0227] The amount of the catalyst used in the cyclization
condensation reaction is not especially restricted, but the
amount is, for example, preferably from 0.001 to 5 mass %
based on the amount of polymer (a), more preferably from
0.01 to 2.5 mass %, still more preferably from 0.01 to 1 mass
%, and especially preferably from 0.05 to 0.5 mass %. By
using the catalyst in an amount of 0.001 mass % or more, the
reaction rate of the cyclization condensation reaction tends to
better, and when the use amount is 5 mass % or less, a polymer
to be obtained is liable to be difficultly colored, and difficulty
in melting of the polymer by crosslinking is restrained.
[0228] Thetime of addition of the catalyst is not especially
restricted and, for example, the catalyst may be added at
initial time of the reaction, or may be added in the middle of
the reaction, or may be added at both of these times.

[0229] Itis preferred to perform the cyclization condensa-
tion reaction in the presence of a solvent and use a volatilizing
process in combination with the cyclization condensation
reaction. In this case, an embodiment of using the volatilizing
process in combination throughout the cyclization condensa-
tion reaction, and an embodiment of using the volatilizing
process in combination only in a part of the process not using
throughout the cyclization condensation reaction are exem-
plified. In the method of using the volatilizing process
together, alcohol by-produced in the cyclization condensa-
tion reaction is forcedly removed by volatilization, so that the
equilibrium of the reaction is advantageous to the formation.
[0230] The volatilizing process means a process of elimi-
nation treatment of the volatile contents such as a solvent and
a remaining monomer and an alcohol by-produced in the
cyclization condensation reaction for introducing a lactone
structure, under reduced pressure and heating condition
according to necessity. When the elimination treatment is
insufficient, the residual volatile content abounds in an
obtained polymer, and there are cases where the polymer is
colored by the decomposition at the time of forming and
forming defects such as bubbles or silver streaks occur.
[0231] In the case of the embodiment of using the volatil-
izing process in combination throughout the cyclization con-
densation reaction, the apparatus to be used are not especially
restricted, but it is preferred to use a volatilizer comprising a
heat exchanger and volatilizing tank, an extruder equipped
with a vent, and an apparatus comprising a volatilizer and an
extruder arrayed in-line, and it is more preferred to use a
volatilizer comprising a heat exchanger and volatilizing tank
or an extruder equipped with a vent.

[0232] The temperature of the reaction process in the case
of using a volatilizer comprising a heat exchanger and vola-
tilizing tank is preferably from 150 to 350° C., and more
preferably from 200 to 300° C. When the temperature of the
reaction process is 150° C. or higher, the cyclization conden-
sationreaction is sufficient and residual volatile content tends
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to decrease, and when the temperature is 350° C. or lower, the
coloration and decomposition of an obtained polymer is
liable to be difficult 1o occur.

[0233] The pressure in reaction process in the case of using
a volatilizer comprising a heat exchanger and volatilizing
tank is preferably from 931 to 1.33 hPa (from 700 to 1
mmHg), and more preferably from 798 to 66.5 hPa (from 600
to 50 mmHg). When the pressure in reaction process is 931
hPa (700 mmHg) or less, the volatile content including an
alcohol is difficult to remain. On the contrary, when the pres-
sure in the reaction process is 1.33 hPa (1 mmHg) or more,
industrial execution tends to be easy.

[0234] When an extruder equipped with a vent is used, the
vent may be one or two or more, but it is preferred to use an
extruder having a plurality of vents.

[0235] The temperature of the reaction process in the case
of using an extruder equipped with a vent is preferably from
150 to 350° C., and more preferably from 200 to 300° C.
When the temperature of the reaction process is 150° C. or
higher, the cyclization condensation reaction easily suffi-
ciently advances and residual volatile content tends to
decrease. On the contrary, when the temperature is 350° C. or
lower, coloration and decomposition of a polymer obtained
are liable to be difficult to occur.

[0236] The pressure in the reaction process in the case of
using an extruder equipped with a vent is preferably from 931
to 1.33 hPa (from 700 to 1 mmHg), and more preferably from
798 to 13.3 hPa (from 600 to 10 mmHg). When the pressure
in the reaction process is 931 hPa (700 mmHg) or less, the
volatile content including an alcohol is difficult to remain, and
when the pressure in the reaction process is 1.33 hPa (1
mmHg) or more, industrial execution tends to be easy.
[0237] Incidentally, in the case of using the volatilizing
process in combination throughout the cyclization condensa-
tion reaction, the physical properties of a lactone ring-con-
taining polymer to be obtained sometimes deteriorate under
severe heating treatment conditions, as described later, so that
it is preferred to perform heating treatment on moderate con-
ditions as far as possible by using a catalyst for dealcoholation
reaction with an extruder equipped with a vent.

[0238] Further, in the case of the embodiment of perform-
ing the volatilizing process in combination throughout the
cyclization condensation reaction, polymer (a) obtained in
the polymerization process is preferably introduced to a
cyclization condensation reaction apparatus with a solvent,
and in this case, if necessary, the reaction system may be
passed again through the cyclization condensation reaction
apparatus such as an extruder equipped with a vent.

[0239] An embodiment of using the volatilizing process in
combination only in a part of the process not using in com-
bination throughout the cyclization condensation reaction
may be taken. For example, this is an embodiment of further
heating the apparatus used for manufacturing polymer (a) and
advancing the cyclization condensation reaction to a certain
degree, if necessary, using the volatilizing process partly in
combination, and successively performing the cyclization
condensation reaction using the volatilizing process in com-
bination at the same time to complete the reaction.

[0240] In the embodiment of using the volatilizing process
in combination throughout the cyclization condensation reac-
tion as described above, for example, when polymer (a) is
subjected to heating treatment at about 250° C. or higher with
a biaxial extruder, there are cases where decomposition and
the like are partly caused by the difference in heat history
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before the cyclization condensation reaction occurs, and
physical properties of a lactone ring-containing polymer to be
obtained are deteriorated. Accordingly, when the cyclization
condensation reaction has been advanced to a certain degree
beforehand prior to the cyclization condensation reaction
using in combination of volatilizing process at the same time,
the latter half reaction condition can be relieved and the
deterioration of the physical properties of a lactone ring-
containing polymer to be obtained can be preferably
restrained. As an especially preferred embodiment, for
example, an embodiment of initiating the volatilizing process
by staggering the time from the initiation of the cyclization
condensation reaction is exemplified, that is, this is an
embodiment of subjecting a hydroxyl group and an ester
group present in the molecular chain of polymer (a) obtained
by the polymerization process to the cyclization condensation
reaction in advance to raise the reaction rate of the cyclization
condensation reaction to a certain degree, and successively
performing the cyclization condensation reaction using the
volatilizing process in combination at the same time. Specifi-
cally, as a preferred embodiment, for example, an embodi-
ment of advancing the cyclization condensation reaction to a
certain degree of reaction rate by using a kiln type reactor in
the presence of a solvent, and then completing the cyclization
condensation reaction with a reactor equipped with a volatil-
izer, such as a volatilizer comprising a heat exchanger and
volatilizing tank, or an extruder equipped with a vent is exem-
plified. In particular, in the case of the embodiment, it is more
preferred that a catalyst for cyclization condensation reaction
is present.

[0241] As described above, the method of subjecting a
hydroxyl group and an ester group present in the molecular
chain of polymer (a) obtained by the polymerization process
to the cyclization condensation reaction in advance to raise
the reaction rate of the cyclization condensation reaction to a
certain degree, and successively performing the cyclization
condensation reaction using the volatilizing process in com-
bination at the same time is a preferred embodiment for
obtaining a lactone ring-containing polymer in the invention.
According to the embodiment, a lactone ring-containing
polymer higher in glass transition temperature and reaction
rate of the cyclization condensation reaction, and excellent in
heat resistance can be obtained. In this case, as the standard of
the cyclization condensation reaction rate, for example, mass
reduction rate in the range of from 150 to 300° C. in dynamic
TG measurement shown in the Example below is preferably
2% or less, more preferably 1.5% or less, and still more
preferably 1% or less.

[0242] A reactor that can be used in the cyclization conden-
sation reaction performed in advance prior to the cyclization
condensation reaction using the volatilizing process in com-
bination at the same time is not especially restricted, and, e.g.,
an autoclave, a kiln type reactor, and a volatilizer comprising
a heat exchanger and volatilizing tank are exemplified, and it
is also possible to use an extruder equipped with a vent
suitable for the cyclization condensation reaction using a
volatilizing process in combination at the same time. Of these
reactors, an autoclave and a kiln type reactor are especially
preferred. However, even when a reactor such as an extruder
equipped with a vent is used, the cyclization condensation
reaction can be carried out in the similar state as the reaction
with an autoclave or a kiln type reactor by relaxing the con-
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dition of venting, omitting venting, or adjusting temperature
condition, condition of barrel, the shape of screw, and screw
driving condition.

[0243] In the cyclization condensation reaction performed
in advance prior to the cyclization condensation reaction
using the volatilizing process in combination, (i) a method of
adding a catalyst to the mixture containing polymer (a)
obtained by a polymerization process and a solvent, and sub-
jecting the mixture to heating and reaction, (ii) a method of
subjecting the mixture to heating and reaction not using a
catalyst, and a method of performing (i) or (ii) under appli-
cation of pressure are exemplified.

[0244] “The mixture containing polymer (a) and a solvent”
introduced into the cyclization condensation reaction in the
lactone ring cyclization condensation process means a poly-
merization reaction mixture itself obtained in the polymer-
ization process, or a mixture obtained by once removing the
solvent and then again adding a solvent suited for the cycliza-
tion condensation reaction.

[0245] A solvent that can be added again in the cyclization
condensation reaction performed in advance prior to the
cyclization condensation reaction using the volatilizing pro-
cess in combination is not especially restricted, and, e.g.,
aromatic hydrocarbons, such as toluene, xylene, and ethyl-
benzene; ketones, such as methyl ethyl ketone and methyl
isobutyl ketone; chloroform, dimethyl sulfoxide, and tetrahy-
drofuran are exemplified. These solvents may be used by one
kind alone or two or more kinds may be used in combination.
It 1s preferred to use the same solvents as used in the poly-
merization process.

[0246] As the catalysts added in method (i), for example, a
generally used esterification catalyst such as p-toluene-
sulfonic acid, or an ester exchange catalyst, basic compounds,
organic carboxylates, carbonates and the like are exemplified,
but it is preferred in the invention to use the above organic
phosphorus compounds. The addition time of the catalysts is
not especially restricted, and they can be added at initial time
of the reaction, or may be added in the middle of the reaction,
or may be added both times. The addition amount of the
catalysts is not especially restricted and, for example, the
catalysts are added in proportion of preferably from 0.001 to
5 mass % to the mass of polymer (a), more preferably from
0.01 to 2.5 mass %, still more preferably from 0.01 to 0.1
mass %, and especially preferably from 0.05 to 0.5 mass %.
The heating temperature and heating time of method (i) are
not especially limited and, for example, the heating tempera-
ture is preferably from room temperature to 180° C., more
preferably from 50 to 150° C., and heating time is preferably
from 1 to 20 hours, and more preferably from 2 to 10 hours.
By making the heating temperature higher than room tem-
perature, or heating time 1 hour or more, the rate of cycliza-
tion condensation reaction is liable to be improved. On the
contrary, by making heating temperature 180° C. or lower, or
heating time 20 hours or less, the coloration and decomposi-
tion of the resin are difficult to occur.

[0247] Method (i1) will suffice for the polymerization reac-
tion mixture obtained by polymerization process to be heated
as it is with a pressure tight kiln type reactor. The heating
temperature and heating time of method (ii) are not especially
restricted and, for example, the heating temperature is pref-
erably from 100to 180° C., more preferably from 100 to 150°
C., and the heating time is preferably from 1 to 20 hours, and
more preferably from 2 to 10 hours. By making the heating
temperature higher than 100° C., or heating time 1 hour or
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more, the rate of cyclization condensation reaction is liable to
rise. On the contrary, by making heating temperature 180° C.
or lower, or heating time 20 hours or less, the coloration and
decomposition of the resin are difficult to occur.

[0248] In any methods, reaction may be performed under
pressure according to conditions.

[0249] In the cyclization condensation reaction performed
in advance prior to the cyclization condensation reaction
using the volatilizing process in combination at the same
time, it is out of the question that a part of solvents naturally
volatilizes during reaction.

[0250] At the termination of the cyclization condensation
reaction performed in advance prior to the cyclization con-
densation reaction using the volatilizing process in combina-
tion at the same time, that is, just before beginning of the
volatilizing process, mass reduction rate in the range of from
150t0 300° C. in dynamic TG measurement is preferably 2%
or less, more preferably 1.5% or less, and still more prefer-
ably 1% or less. By making the mass reduction rate 2% or
less, subsequently the rate of cyclization condensation reac-
tion is liable to rise and the physical properties of the lactone
ring-containing polymer obtained tend to increase, when
being subjected to the cyclization condensation reaction
using the volatilizing process in combination at the same
time. Further, in performing the cyclization condensation
reaction, in addition to polymer (a), other thermoplastic res-
ins may exist together.

[0251] In the embodiment in which a hydroxyl group and
an ester group in the molecular chain present in polymer (a)
obtained by the polymerization process are in advance sub-
jected to cyclization condensation reaction to increase the
rate of the cyclization condensation reaction to a certain
degree beforehand, and successively performing the cycliza-
tion condensation reaction using the volatilizing process in
combination at the same time, a polymer obtained in previ-
ously performed cyclization condensation reaction (a poly-
mer in which at least a part of the hydroxyl group and the ester
group present in the molecular chain is cyclization conden-
sation reacted) and a solvent may be introduced as they are
into the cyclization condensation reaction using the volatil-
izing process in combination at the same time, or if necessary,
the polymer (the polymer in which at least a part of the
hydroxyl group and the ester group present in the molecular
chain is cyclization condensation reacted) may be introduced
into the cyclization condensation reaction using the volatil-
izing process in combination at the same time after being
subjected to other treatment such that the polymer is isolated
and then a solvent is added again.

[0252] The volatilizing process is not always concluded at
the same time with the cyclization condensation reaction, and
it may be terminated after an interval from the end of the
cyclization condensation reaction.

[0253] The mass average molecular weight of the lactone
ring-containing polymer is preferably from 1,000 to 2,000,
000, more preferably from 5,000 to 1,000,000, still more
preferably from 10,000 to 500,000, and especially preferably
from 50,000 to 500,000.

[0254] The mass reduction rate in the range of from 150 to
300° C. in dynamic TG measurement of the lactone ring-
containing polymer is preferably 1% or less, more preferably
0.5% or less, and still more preferably 0.3% or less.

[0255] Since the lactone ring-containing polymer is high in
the cyclization condensation reaction rate, defects such as
generation of bubbles or silver streaks in a formed product
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can be avoided. Further, since the lactone ring structure can be
sufficiently introduced into the polymer due to high cycliza-
tion condensation reaction rate, the obtained lactone ring-
containing polymer has satisfactory heat resistance.

[0256] When the lactone ring-containing polymer is made a
chloroform solution of the concentration 15 mass %, the
index of coloration (Y]) is preferably 6 or less, more prefer-
ably 3 or less, still more preferably 2 or less, and especially
preferably 1 or less. When the index of coloration (YT) is 6 or
less, high transparency may be liable to be obtained by col-
oration prevention.

[0257] The mass reduction temperature by 5% in thermal
mass spectrometry (TG) of the lactone ring-containing poly-
mer is preferably 280° C. or more, more preferably 290° C. or
more, further preferably 300° C. or more, still more prefer-
ably 330° C. or more, particularly preferably 350° C. or more,
and most preferably 360° C. or more. The mass reduction
temperature by 5% in thermal mass spectrometry (TG) is an
index of heat stability, and by making it 280° C. or more,
sufficient heat stability is liable to be revealed.

[0258] The glass transition temperature (Tg) of the lactone
ring-containing polymer is preferably 115° C. or more, more
preferably 125° C. or more, still more preferably 130° C. or
more, especially preferably 135° C. or more, and most pref-
erably 140° C. or more.

[0259] The total amount of the residual volatile content in
the lactone ring-containing polymer is preferably 5,000 ppm
or less, more preferably 2,000 ppm or less, still more prefer-
ably 1,500 ppm or less, and especially preferably 1,000 ppm
or less. When the total amount of the residual volatile content
is 5,000 ppm or less, coloration due to decomposition at the
time of formation, or forming defects such as bubbles and
silver streaks is/are effectively liable to be prevented.

[0260] Thetransmittance of all the rays of light measured in
conformity with ASTM-D-1003 for a molded product by
injection molding of the lactone ring-containing polymer is
preferably 85% or more, more preferably 88% or more, and
still more preferably 90% or more. The transmittance of all
the rays of light is an index of transparency, and transparency
is liable to increase by making the transmittance 85% or
more.

[0261] Other Thermoplastic Resins

[0262] The above thermoplastic resin films may contain
other thermoplastic resins. The kinds of other thermoplastic
resins are not especially restricted so long as they have per-
formances of glass transition temperature of 120° C. or more,
phase difference of 20 nm or less per thickness of 100 pm in
the plane direction, and transmittance of all the rays of light of
85% or more when mixed with a lactone ring-containing
polymer to be made a film, but thermodynamically compat-
ible thermoplastic resins are preferred from the point of
capable of providing an optical film having characteristics
such as excellent transparency, heat resistance, low phase
difference and excellent mechanical strength.

[0263] The proportion of the contents of the lactone ring-
containing polymer and other thermoplastic resin in the thet-
moplastic resin film is preferably from 60/40 to 99/1 in mass
%, more preferably from 70/30 to 97/3 in mass %, and still
more preferably from 80/20 to 95/5 in mass %.

[0264] Other thermoplastic resins include, for example,
olefin-based polymers, such as polyethylene, polypropylene,
an ethylene-propylene copolymer, and poly(4-methyl-1-pen-
tene); halogen-containing polymers, such as vinyl chloride
and chlorinated vinyl resin; acrylic polymers, such as methyl
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polymethacrylate; styrene-based polymers, such as polysty-
rene, a styrene-methyl methacrylate copolymer, a styrene-
acrylonitrile copolymer, and acrylonitrile-butadiene-styrene
block copolymer; polyesters, such as polyethylene terephtha-
late, polybutylene terephthalate, and polyethylene naphtha-
late; polyamides, such as nylon 6, nylon 66, and nylon 610;
polyacetal; polycarbonate; polyphenylene oxide; polyphe-
nylene sulfide; polyether ether ketone; polysulfone; polyether
sulfone; polyoxybenzylene; polyamideimide; and gum poly-
mers, such as polybutadiene-based gums, and ABS resins and
ASA resins blended with acryl rubber. It is preferred that the
gum polymers have a grafted part of a composition compat-
ible with the lactone ring-containing polymer on the surface
thereof, and the average particle size of the gum polymers is
preferably 100 nm or less in view of the improvement of
transparency as a film-like state, and more preferably 70 nm
or less.

[0265] As thermoplastic resins thermodynamically com-
patible with lactone ring-containing polymers, copolymers
having vinyl cyanide monomer units and aromatic vinyl
monomer units, specifically acrylonitrile-styrene copoly-
mers, polyvinyl chloride resins, and polymers containing 50
mass % or more methacrylates are exemplified. Of these
thermoplastic resins, when acrylonitrile-styrene copolymers
are used, an optical film having a glass transition temperature
of 120° C. or more, phase difference of 20 nm or less per
thickness of 100 pm in the plane direction, and transmittance
of all the rays of light of 85% or more is easily obtained.
Further, the fact that the lactone ring-containing polymer and
other thermoplastic resin are thermodynamically compatible
can be confirmed by measuring the glass transition tempera-
ture of the thermoplastic resin composition obtained by mix-
ing the lactone ring-containing polymer and other thermo-
plastic resin. Specifically, it can be said that they are
thermodynamically compatible when the glass transition
temperature measured by a differential scanning calorimeter
is observed at only one point of the mixture of the lactone
ring-containing polymer and other thermoplastic resin.

[0266] When an acrylonitrile-styrene copolymer is used as
other thermoplastic resin, an emulsion polymerization
method, a suspension polymerization method, a solution
polymerization method, and a bulk polymerization method
can be used as manufacturing methods, but it is preferred to
use a solution polymerization method and a bulk polymeriza-
tion in view of the transparency and optical performances of
the obtained thermoplastic resin film.

[0267] Thermoplastic resin composition that is the raw
material of the thermoplastic resin film may contain various
additives, for example, antioxidants, e.g., hindered phenol-
based, phosphorus-based and sulfur-based antioxidants; sta-
bilizers, e.g., a light fastness stabilizer, a weather proofing
stabilizer, and a heat stabilizer; reinforcing materials, e.g.,
glass fiber and carbon fiber; ultraviolet absorbers, e.g., phenyl
salicylate, (2,2'-hydroxy-5-methylphenyl)benzotriazole, and
2-hydroxybenzophenone; near infrared absorbers; flame
retardants, e.g., tris(dibromopropyl) phosphate, triallyl phos-
phate, and antimony oxide; antistatic agents, e.g., anionic,
cationic, and nonionic surfactants; colorants, e.g., an inor-
ganic pigment, an organic pigment, and a dye; organic fillers
and inorganic fillers; resin modifiers; organic bulking agents
and inorganic bulking agents; plasticizers; and lubricants are
exemplified.
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[0268] The proportion of the contents of these additives in
the thermoplastic resin film is preferably from 0 to 5 mass %,
more preferably from 0to 2 mass %, and still more preferably
from 0 to 0.5 mass %.

[0269] The thermoplastic resin film can be manufactured
by thoroughly mixing, for example, the lactone ring-contain-
ing polymer, if necessary, other thermoplastic resins and
additives, by a conventionally known mixing method, and
forming the mixture to a film.

[0270] The thermoplastic resin film has a glass transition
temperature of 120° C. or, more, preferably 125° C. or more,
and more preferably 130° C. or more.

[0271] The thermoplastic resin film has preferably phase
difference of 20 nm or less per thickness of 100 um in the
plane direction, and more preferably 10 nm or less.

[0272] The thermoplastic resin film has preferably trans-
mittance of all the rays of light of 85% or more, more pref-
erably 87% or more, and still more preferably 90% or more.
[0273] The phase difference of the thermoplastic resin film
is small in incident angle dependency, and the difference in
phasedifference R, per incident angle of 0° and a thickness of
100 pm and phase difference R ., per incident angle of 40° and
athickness of 100 um (R,,-R,) is preferably less than 20 nm,
and more preferably less than 10 nm.

[0274] The thermoplastic resin film has a thickness of pref-
erably 1 um or more and less than 100 pm, more preferably
from 10 to 80 pum, and more preferably 60 um or less. When
the thickness is 1 pm or more, mechanical strength is liable to
be improved, and rupture is difficult to occur in stretching.
[0275] The thermoplastic resin film containing the lactone
ring-containing polymer of the embodiment has tensile
strength measured in conformity with ASTM-D-882-61T of
preferably 10 MPa or more and less than 100 MPa, and more
preferably 30 MPa or more and less than 100 MPa. By making
the tensile strength 10 MPa or more, sufficient mechanical
strength is liable to be revealed, and productivity tends to be
improved by the tensile strength of less than 100 MPa.
[0276] The thermoplastic resin film containing the lactone
ring-containing polymer of the embodiment has elongation
percentage measured in conformity with ASTM-D-882-61T
of preferably 1% or more, and more preferably 3% or more.
The least upper bound of elongation percentage is not espe-
cially restricted, but is generally preferably 100% or less. By
making elongation percentage 1% or more, tenacity is liable
to increase and preferred.

[0277] The thermoplastic resin film containing the lactone
ring-containing polymer of the embodiment has elastic
modulus in tension measured in conformity with ASTM-D-
882-61T of preferably 0.5 GPa or more, more preferably 1
GPa or more, and still more preferably 2 GPa or more. The
least upper bound of elastic modulus in tension is not espe-
cially restricted, but is generally preferably 20 GPa orless. By
making elastic modulus in tension 0.5 GPa or more, mechani-
cal strength is liable to increase and preferred.

[0278] The manufacturing method of the thermoplastic
resin film containing the lactone ring-containing polymer of
the invention is not especially restricted. For example, the
thermoplastic resin film can be manufactured by mixing the
lactone ring-containing polymer and, if necessary, other ther-
moplastic resins and additives by a conventionally known
mixing method to make a thermoplastic resin composition in
advance, and forming the mixture to a film. For manufactur-
ing the thermoplastic resin composition, a method of blend-
ing the components with an omni-mixer and the like, and
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extrusion kneading the resulting mixture can be adopted. In
this case, kneaders for use in extrusion kneading are not
especially restricted and conventionally well-known knead-
ers, for example, extruders, e.g., a uniaxial extruder and a
biaxial extruder, and pressurizing kneaders can be used.
[0279] As film-forming methods, it will suffice to use con-
ventionally known film-forming methods, for example, a
solution casting method, a melt extrusion method, a calen-
dering method, and a compression molding method are exem-
plified. Of these film-forming methods, a solution casting
method and a melt extrusion method are especially preferred.
At this time, the thermoplastic resin composition that has
been extrusion kneaded in advance as described above may be
used, or the lactone ring-containing polymer and other ther-
moplastic resins and, if necessary, additives are separately
dissolved to make a homogeneous mixed solution, and a film
may be formed according to a solution casting method and a
melt extrusion method.

[0280] As the solvents for use in a solution casting method,
chlorine solvents, e.g., chloroform and dichloromethane; aro-
matic solvents, e.g., toluene, xylene and benzene; alcohol
solvents, e.g., methanol, ethanol, isopropanol, n-butanol, and
2-butanol; methyl cellosolve, ethyl cellosolve, butyl cello-
solve, dimethylformamide, dimethyl sulfoxide, dioxane,
cyclohexanone, tetrahydrofuran, acetone, methyl ethyl
ketone, ethyl acetate, and diethyl ether are exemplified. These
solvents may be used by one kind alone or two or more kinds
may be used in combination.

[0281] As the apparatus for performing the solution casting
method, e.g., a drum type casting machine, a band type cast-
ing machine and a spin coater are exemplified.

[0282] Asthemeltextrusion method, a T die method and an
inflation method are exemplified, and a film-forming tem-
perature at that time is preferably from 150 to 350° C., and
more preferably from 200 to 300° C.

[0283] The film-forming speed of the solution casting
method and the melt extrusion method is not especially
restricted, but from the viewpoint of productivity, the speed is
preferably 20 m/min or more. However, when the film-form-
ing speed is fast, the surface smoothness deteriorates, haze
conspicuously becomes worse, and transportability and a
winding property are aggravated, so that the speed is prefer-
ably 50 m/min or less.

[0284] When a film is formed by a T die method, a T die is
attached to the tip of known uniaxial extruder or biaxial
extruder, and a film extruded in a film shape is wound to
obtain a film in the form of a roll. At this time, a uniaxial
extruding process is also possible by arbitrarily adjusting the
temperature of the winding roll and stretching is applied in the
extruding direction. Further, processes such as a successive
biaxial stretching and simultaneous biaxial stretching can be
added by adopting a process of stretching a film in a vertical
direction to the extruding direction.

[0285] An optical film in the invention may be an
unstretched film or a stretched film. When a film is stretched,
the film may be a uniaxially stretched film or a biaxially
stretched film. In the case of forming a biaxially stretched
film, the film may be a simultaneously biaxially stretched film
or a successively biaxially stretched film. In the case of
biaxial stretching, mechanical strength and film perfor-
mances are heightened. By blending other thermoplastic res-
ins, the optical film in the invention can restrain increase in
phase difference even when the film is stretched, and optical
isotropy can be maintained.
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[0286] Stretching is preferably performed at a temperature
around the glass transition temperature of the thermoplastic
resin composition of raw material of the film. The specific
stretching temperature is preferably from (glass transition
temperature =30° C.) to (glass transition temperature +100°
C.), and more preferably (glass transition temperature —-20°
C.) to (glass transition temperature +80° C.). When the
stretching temperature is less than (glass transition tempera-
ture =30° C.), there are cases where sufficient stretching
magnification cannot be obtained. On the contrary, when the
stretching temperature exceeds (glass transition temperature
+100° C.), there are cases where the resin flows and stable
stretching cannot be conducted.

[0287] Stretching magnification defined by area ratio is
preferably from 1.1 to 25 times, and more preferably from 1.3
to 10 times. When stretching magnification is 1.1 times or
more, tenacity by stretching is liable to increase. While when
stretching magnification is 25 times or less, the effect of
raising stretching magnification is liable to be revealed.
[0288] Stretching velocity (one direction) is preferably
from 10 to 20,000%/min, and more preferably from 100 to
10,000%/min. When stretching velocity is 10%/min or more,
the time for obtaining sufficient stretching magnification
tends to be shortened, and manufacturing costs can be easily
restrained. On the contrary, when stretching velocity is
20,000%/min or less, rupture of the stretched film is difficult
to occur.

[0289] For stabilizing optical isotropy and mechanical
strength of a film, heat treatment (annealing) may be carried
out after stretching treatment.

[0290] Manufacture of an Optically Compensatory Sheet

[0291] Anoptically compensatory sheet in the embodiment
can be manufactured by applying a polymer solution or a
polymer melt on the surface of the thermoplastic resin film
and drying to form a polymer layer. Forming of a polymer
layer is as described above.

[0292] After forming the polymer layer on the thermoplas-
tic resin film as described above, for controlling phase differ-
ence characteristics such as Rth(A) and Re(L), it is preferred
to perform stretching treatment and contraction treatment.
The preferred examples of the stretching treatment and con-
traction treatment are as described above.

[0293] Anoptically compensatory sheet in the embodiment
can be used in various modes of liquid crystal displays. An
optically compensatory sheet in the invention can be used as
itisina liquid crystal display as a single member. In addition,
an optically compensatory sheet can also be used in a liquid
crystal display by being stuck with a polarizing film and as a
member of a polarizing plate. A polarizing plate having an
optically compensatory sheet of the embodiment will be
described below.

[0294]

[0295] A polarizing plate in the embodiment has at least a
polarizing film and an optically compensatory sheet of the
embodiment. The optically compensatory sheet may be
directly stuck on the surface of the polarizing film and used as
the protective film of the polarizing film. In this embodiment,
it is preferred to stick the rear surface of the thermoplastic
resin film (the surface of the side on which an optically
anisotropic layer is not formed) on the front surface of the
polarizing film. Further, it is also preferred that a protective
film such as a cellulose acylate film is stuck on the other side
of the polarizing film.

Polarizing Plate
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[0296] Polarizing Film

[0297] There are an iodine-based polarizing film, a dye-
based polarizing film using a dichroic dye, and a polyene-
based polarizing film in polarizing films, and any polarizing
film may be used in the invention. The iodine-based polariz-
ing film and the dye-based polarizing film are generally
manufactured with a polyvinyl alcohol-based film.

[0298] Protective Film

[0299] As aprotective film stuck on the surface of the other
side, it is preferred to use a transparent polymer film. “Trans-
parent” means that light transmittance is 80% or more. As the
protective film, a cellulose acylate film and a polyolefin film
containing polyolefin are preferred. Of the cellulose acylate
films, a cellulose triacetate (triacetyl cellulose, hereinafter
referred to as TAC) film is preferred. Of the polyolefin films,
a polynorbornene film containing cyclic polyolefin is pre-
ferred.

[0300] The thickness of the protective film is preferably
from 20 to 500 pm, and more preferably from 50 to 200 pm.
[0301] Functional layers, e.g., an antireflection layer, may
further be arranged on the surface of the protective layer.

Embodiments 2-1 and 2-2
[0302] A VA (vertical alignment) liquid crystal display
according to Embodiment 2-1 of the invention includes a
liquid crystal cell, two polarizing plates disposed outside the
liquid crystal cell, and an optically anisotropic layer disposed
at either of two spaces between the liquid crystal cell and two
polarizing plates. The optically anisotropic layer includes a
lactone ring-containing polymer, and in-plane retardation Re
and retardation in a thickness direction Rth of the optically
anisotropic layer satisfy the following formulae (A) and (B),

40 nm=Re(550)=275 nm @)
0 nm=Rth(550)=275 nm (B)
[0303] Wherein, Re(550) and Rth(550) represent in-plane

retardation (nm) and retardation (nm) in a thickness direction
at the wavelength of 550 (nm).

[0304] A VA (vertical alignment) liquid crystal display
according to Embodiment 2-2 of the invention includes a
liquid crystal cell, two polarizing plates disposed outside the
liquid crystal cell, and an optically anisotropic layers dis-
posedat both oftwo spaces between the liquid crystal cell and
two polarizing plates. The optically anisotropic layerincludes
a lactone ring-containing polymer, and in-plane retardation
Re and retardation in a thickness direction Rth of the optically
anisotropic layer satisfy the following formulae (C) and (D),

30 nm=Re(350)=80 nm (©)
75 nm=Rth(550)=155 nm. (©)
[0305] The optically anisotropic layer of the Embodiment

preferably includes a thermoplastic resin composition con-
taining a lactone ring-containing polymer. Regarding the lac-
tone ring-containing polymer, the description of the lactone
ring-containing polymer in Embodiments 1-1 and 1-2 can be
referred to as it is. Further, the thermoplastic resin composi-
tion in the Embodiment may include other thermoplastic
resins and other additives, similarly to Embodiments 1-1 and
1-2, for these, including the kinds thereof or contents thereof,
the description in Embodiments 1-1 and 1-2 can be referred to
as it is.

[0306] In order to satisfy the conditions as the optically
anisotropic layer, it is preferred that the optically anisotropic
layer includes at least one kind of retardation developer.
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“retardation developer” means a compound having a property
which develops birefringence in an in-plane direction or a
thickness direction of the optically anisotropic layer. The
retardation developer is described below.

[0307] Retardation Developer

[0308] As theretardation developer, a compound whichhas
an absorption maximum in the wavelength range of 250 nm to
380 nm and a large anisotropic polarization ratio is preferred.
As the retardation developer, in particular, a compound rep-
resented by the following formula (I) may be used preferably.

M

[0309] Wherein X' represents a single bond, —NR*—
—O— or S—; X* represents asingle bond, —NR*— —0—
or S—; X? represents a single bond, —NR°— —O—or S—.
R*, R? and R? each independently represents an alkyl group,
an alkenyl group, an aromatic group, or a heterocyclic group;
R*, R’ and R® each independently represents a hydrogen
atom, an alkyl group, an alkenyl group, an aryl group or a
heterocyclic group.

[0310] Preferable examples (I-(1) to IV-(10)) of com-
pounds represented by formula (I) are shown below, but the
invention is not limited to these specific examples.
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[0311] The retardation developer may include at least one
kind of a compound represented by the following formula
I)-1.

Formula (ID)-1

[0312] Inthe formula, L' and L* each independently repre-
sents a single bond, or a divalent connecting group. A' and A®
each independently represents a group selected from the
group consisting of —O—, —NR— (R represents a hydro-
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gen atom or a substituent), —S—and —CO—. R*, R? and R?
each independently represents a substituent. X represents a
nonmetal atom of 14th to 16th group (provided that a hydro-
gen atom or a substituent may be bonded to X). n represents
any integer of 0 to 2.

[0313] Amongcompounds represented by formula (II)-1, it
is preferred that the retardation developer is a compound
represented by the following formula (II)-2.

Formula (I)-2

RZ

|

Ll
7 A X

JRH—— | >=<

X A2 RS

L2

|

R3

[0314] Informula (II)-2, L' and L* each independently rep-
resents a single bond, or a divalent connecting group. A' and
A? each independently represents a group selected from the
group consisting of —O—, —NR— (R represents a hydro-
gen atom or a substituent), —S— and CO—. R*, R% R*, R,
and R® each independently represents a substituent. n repre-
sents any integer of from 0 to 2.

[0315] As a divalent connecting group represented by L'
and L7 in formulae (II)-1 or (I)-2, preferable examples
include the following examples.

SN
T < -
)

[0316] Further preferred are —O—, —COO—, and
—0CO—.
[0317] In formulae (I1)-1 or (I1)-2, R is a substituent, and

when a plurality of substituents are present, the substituents
may be the same or different, and may form a ring. The
substituents may apply the following group.

[0318] A halogen atom (for example, a fluorine atom, a
chlorine atom, a bromine atom, and an iodine atom), an alkyl
group (preferably, an alkyl group having from 1 to 30 carbon
atoms, for example, a methyl group, an ethyl group, n-propyl
group, an isopropyl group, a text-butyl group, an n-octyl
group, and a 2-ethylhexyl group), a cycloalkyl group (prefer-
ably, a substituted or unsubstituted cycloalkyl group having
from 3 to 30 carbon atoms, for example, a cyclohexyl group,
a cyclopentyl group, and 4-n-dodecyl cyclohexyl group), a
bicycloalkyl group (preferably, a substituted or unsubstituted
bicycloalkyl group having from 5 to 30 carbon atoms, that is,
a monovalent group which removes a hydrogen atom from
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bicycloalkane having from 5 to 30 carbon atoms; for example,
abicyclo[1,2,2]heptan-2-yl group, and a bicyclo[2,2,2]octan-
3-yl group), an alkenyl group (preferably, a substituted or
unsubstituted alkenyl group having from 2 to 30 carbon
atoms, for example, a vinyl group and an allyl group), a
cycloalkenyl group (a substituted or unsubstituted cycloalk-
enyl group having from 3 to 30 carbon atoms, that is, a
monovalent group which removes a hydrogen atom from a
cycloalkane having from 3 to 30 carbon atoms, for example,
a2-cyclopenten-1-yl, and a 2-cyclohexen-1-yl group), a bicy-
cloalkenyl group (a substituted or unsubstituted bicycloalk-
enyl group, preferably a substituted or unsubstituted bicy-
cloalkenyl group having from 5 to 30 carbon atoms, that is a
monovalent group removing a hydrogen atom of a bicy-
cloalkene having a double bond; for example, a bicyclo[2,2,
1]hept-2-en-1-yl group, and bicyclo[2,2,2]oct-2-en-4-yl
group), an alkynyl group (preferably, a substituted or unsub-
stituted alkynyl group having from 2 to 30 carbon atoms, for
example, an ethynyl group, and a propargyl group), an aryl
group (preferably a substituted or unsubstituted aryl group
having from 6 to 30 carbon atoms, for example, a phenyl
group, a p-tolyl group, and a naphthyl group), a heterocyclic
group (a monovalent group removing a hydrogen atom from
an aromatic or nonaromatic heterocyclic compound which is
five- or six-membered substituted or unsubstituted is pre-
ferred, and more preferably a five- or six-membered aromatic
heterocyclic group having from 3 to 30 carbon atoms. For
example, a 2-furyl group, a 2-thienyl group, a 2-pyrimidinyl
group, and a 2-benzothiazolyl group), a cyano group, a
hydroxyl group, a nitro group, a carboxyl group, an alkoxy
group (preferably a substituted or unsubstituted alkoxy group
having from 1 to 30 carbon atoms, for example, a methoxy
group, an ethoxy group, an isopropoxy group, a tert-butoxy
group, an n-octyloxy group, and a 2-methoxyethoxy group),
an aryloxy group (preferably, a substituted or unsubstituted
aryloxy group having from 6 to 30 carbon atoms, for example,
a phenoxy group, a 2-methyl phenoxy group, a 4-tert-butyl
phenoxy group, a 3-nitrophenoxy group, a 2-tetradecanoyl
aminophenoxy group), a silyloxy group (preferably, a sily-
loxy group having from 3 to 20 carbon atoms, for example, a
trimethyl silyloxy group, a tert-butyl dimethyl silyloxy
group), a heterocyclic oxy group (preferably, a substituted or
unsubstituted heterocyclic oxy group having from 2 to 30
carbon atoms, a 1-phenyl tetrazol-5-oxy group, and a 2-tet-
rahydropyranyloxy group), an acyloxy group (preferably, a
formyloxy group, a substituted or unsubstituted alkyl carbo-
nyloxy group having from 2 to 30 carbon atoms, (preferably,
a substituted or unsubstituted aryl carbonyloxy group having
from 6 to 30 carbon atoms, for example, a formyloxy group,
an acetyloxy group, a pyvaloyloxy group. a stearoyloxy
group, a benzoyloxy group, a p-methoxy phenyl carbonyloxy
group), a carbamoyloxy group (preferably, a substituted or
unsubstituted carbamoyloxy group having from 1 to 30 car-
bon atoms, for example, an N,N-dimethyl carbamoyloxy
group, an N,N-diethyl carbamoyloxy group, a morpholino
carbonyloxy group, an N,N-di-n-octylamino carbonyloxy
group, and an N-n-octyl carbamoyloxy group), an alkoxy
carbonyloxy group (preferably, a substituted or unsubstituted
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alkoxy carbonyloxy group having from 2 to 30 carbon atoms,
for example, a methoxy carbonyloxy group, an ethoxy car-
bonyloxy group, a tert-butoxy carbonyloxy group, and an
n-octyl carbonyloxy group), an aryloxy carbonyloxy group
(preferably, a substituted or unsubstituted aryloxy carbony-
loxy group having from 7 to 30 carbon atoms, for example, a
phenoxy carbonyloxy group, a p-methoxy phenoxy carbony-
loxy group, a p-n-hexadecyloxy phenoxy carbonyloxy
group), an amino group (preferably, an amino group, a sub-
stituted or unsubstituted alkyl amino group having from 1 to
30 carbon atoms, a substituted or unsubstituted anilino group
having from 6 to 30 carbon atoms, for example, an amino
group, a methyl amino group, a dimethyl amino group, an
anilino group, an N-methyl-anilino group, and a diphenyl
amino group), an acyl amino group (preferably, a formyl
amino group, a substituted or unsubstituted alkyl carbonyl
amino group having from 1 to 30 carbon atoms, a substituted
or unsubstituted aryl carbonyl amino group having from 6 to
30 carbon atoms, for example, a formyl amino group, an
acetyl amino group, a pivaloyl amino group, a lauroyl amino
group, and a benzoyl amino group), an aminocarbonyl amino
group (preferably, a substituted or unsubstituted aminocarbo-
nyl amino group having from 1 to 30 carbon atoms, for
example, a carbamoyl amino group, an N,N-dimethyl amino
carbonyl amino group, an N,N-diethyl amino carbonyl amino
group, a morpholino carbonyl amino group), an alkoxy car-
bonyl amino group (preferably, a substituted or unsubstituted
alkoxy carbonyl amino group having from 2 to 30 carbon
atoms, for example, a methoxy carbonyl amino group, an
ethoxy carbonyl amino group, a tert-butoxy carbonyl amino
group, an n-octadecyloxy carbonyl amino group, and an
N-methyl-methoxy carbonyl amino group), an aryloxy car-
bonyl amino group (preferably, a substituted or unsubstituted
aryloxy carbonyl amino group having from 7 to 30 carbon
atoms, for example, a phenoxy carbonyl amino group, a
p-chlorophenoxy carbonyl amino group, and a m-n-octyloxy
phenoxy carbonyl amino group), sulfamoyl amino group
(preferably, a substituted or unsubstituted sulfamoyl amino
group having from O to 30 carbon atoms, for example, a
sulfamoyl amino group, an N,N-dimethyl amino sulfonyl
amino group, and an N-n-octyl amino sulfonyl amino group),
an alkyl sulfonyl amino group and an aryl sulfonyl amino
group (preferably, a substituted or unsubstituted alkyl sulfo-
nyl amino group having from 1 to 30 carbon atoms, a substi-
tuted or unsubstituted aryl sulfonyl amino group having from
6 to 30 carbon atoms, for example, a methyl sulfonyl amino
group, abutyl sulfonyl amino group, a phenyl sulfonyl amino
group, a 2.3,5-trichlorophenyl sulfonyl amino group, and a
p-methyl phenyl sulfonyl amino group), a mercapto group, an
alkyl thio group (preferably, a substituted or unsubstituted
alkyl thio group having from 1 to 30 carbon atoms, for
example, a methyl thio group, an ethy! thio group, and an
n-hexadecyl thio group), an aryl thio group (preferably, a
substituted or unsubstituted aryl thio group having from 6 to
30 carbon atoms, for example, a phenyl thio group, a p-chlo-
ropheny] thio group, and a m-methoxy phenyl thio group), a
heterocyclic thio group (preferably, a substituted or unsubsti-
tuted heterocyclic thio group having from 2 to 30 carbon
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atoms, for example, a 2-benzothiazolyl thio group, and a
1-phenyltetrazol-5-yl thio group), a sulfamoyl group (prefer-
ably, a substituted or unsubstituted sulfamoyl group having
from 0to 30 carbon atoms, for example, an N-ethyl sulfamoyl
group, an N-(3-dodecyloxy propyl) sulfamoyl group, an N,N-
dimethy] sulfamoyl group, an N-acetyl sulfamoyl group, an
N-benzoyl sulfamoyl group, and an N—(N'-phenyl carbam-
oyl) sulfamoyl group), a sulfo group, an alky! sulfynyl group
and an ary1 sulfvnyl group (preferably, a substituted or unsub
stituted alkyl sulfynyl group having from 1 to 30 carbon
atoms, a substituted or unsubstituted aryl sulfynyl group hav-
ing from 6 to 30 carbon atoms, for example, a methyl sulfynyl
group, an ethyl sulfynyl group, a phenyl sulfynyl group, and
a p-methyl phenyl sulfynyl group), an alkyl sulfonyl group
and an aryl sulfonyl group (preferably, a substituted or unsub-
stituted alkyl sulfonyl having from 1 to 30 carbon atoms, a
substituted or unsubstituted aryl sulfonyl group having from
6 to 30 carbon atoms, for example, a methyl sulfonyl group,
an ethyl sulfonyl group, a phenyl sulfonyl group, and a p-me-
thyl phenyl sulfonyl group), an acyl group (preferably, a
formyl group, a substituted or unsubstituted alkyl carbonyl
group having from 2 to 30 carbon atoms, a substituted or
unsubstituted aryl carbonyl group having from 7 to 30 carbon
atoms, for example, an acetyl group, and an pivaloyl benzoyl
group), an aryloxy carbonyl group (preferably, a substituted
or unsubstituted aryloxy carbonyl group having from 7 to 30
carbon atoms, for example, a phenoxy carbonyl group, an
o-chlorophenoxy carbonyl group, m-nitrophenoxy carbonyl
group, and p-tert-butyl phenoxy carbonyl group), an alkoxy
carbonyl group (preferably, a substituted or unsubstituted
alkoxy carbonyl group having from 2 to 30 carbon atoms, for
example, a methoxy carbonyl group, an ethoxy carbonyl
group, a tert-butoxy carbonyl group, an n-octadecyloxy car-
bonyl group), a carbamoyl group (preferably, a substituted or
unsubstituted carbamoyl group having from 1 to 30 carbon
atoms, for example, a carbamoyl group, an N-methyl carbam-
oyl group, an N,N-dimethy! carbamoyl group, an N,N-di-n-
octyl carbamoyl group, and an N-(methylsulfonyl) carbam-
oyl group), aryl and heterocyclic azo group (preferably, a
substituted or unsubstituted aryl azo group having from 6 to
30 carbon atoms, a substituted or unsubstituted heterocyclic
azo group having from 3 to 30 carbon atoms, for example, a
phenyl azo group, a p-chlorophenyl azo group, and 5-eth-
ylthio-1,3,4-thiadiazol-2-yl azo group), an imido group (pref-
erably, an N-succinimido group, and an N-phthalimido
group), a phosphino group (preferably, a substituted or
unsubstituted phosphino group having from 2 to 30 carbon
atoms, for example, a dimethyl phosphino group, a diphenyl
phosphino group, and a methyl phenoxy phosphino group), a
phosphinyl group (preferably, a substituted or unsubstituted
phosphinyl group having from 2 to 30 carbon atoms, for
example, a phosphinyl group, a dioctyloxy phosphinyl group,
and a diethoxy phosphinyl group), a phosphinyloxy group
(preferably, a substituted or unsubstituted phosphinyloxy
group having from 2 to 30 carbon atoms, for example, a
diphenoxy phosphinyloxy group, and a dioctyloxy phosphi-
nyloxy group), a phosphinyl amino group (preferably, a sub-
stituted or unsubstituted phosphinyl amino group having
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from 2 to 30 carbon atoms, for example, a dimethoxy phos-
phinyl amino group and dimethyl amino phosphinyl amino
group), a silyl group (preferably, a substituted or unsubsti-
tuted silyl group having from 3 to 30 carbon atoms, for
example, a trimethyl silyl group, a tert-butyl dimethyl silyl
group, and a phenyl dimethyl silyl group).

[0319] hydrogen atoms included in the above substituent
may be removed and be replaced with the above group.
Examples of such functional groups include an alkyl carbonyl
aminosulfonyl group, an aryl carbonyl aminosulfonyl group,
an alkyl sulfonyl amino carbonyl group, and an aryl sulfonyl
amino carbonyl group. Examples of these groups include a
methyl sulfonyl aminocarbonyl group, a p-methyl phenyl
sulfonyl amino carbonyl group, an acetyl amino sulfonyl
group, and a benzoyl amino sulfonyl group.

[0320] R' preferably include a halogen atom, an alkyl
group, an alkenyl group, an aryl group, a heterocyclic group,
a hydroxyl group, a carboxyl group, an alkoxy group, an
aryloxy group, an acyloxy group, a cyano group, and an
amino group, and more preferably a halogen atom, an alkyl
group, a cyano group, and an alkoxy group.

[0321] R?and R? each independently represents a substitu-
ent. Examples of the substituents include examples of the R*,
and preferred are substituted or unsubstituted benzene ring,
and substituted or unsubstituted cyclohexane ring. More pre-
ferred are a benzene ring having a substituent, and a cyclo-
hexane ring having a substituent, and further preferred are a
benzene ring having a substituent at 4-position and a cyclo-
hexane n'n% having a substituent at 4-position.

[0322] R"andR’ eachindependently represents a substitu-
ent. Examples of the substituents include examples of the R*.
Preferably, Electron-withdrawing substituents where a Ham-
mett substitution constant o, value is larger than 0 are pre-
ferred. It is more preferable to have Electron-withdrawing
substituents of 0 to 1.5 of 0, value. As such substituents, a
trifluoromethyl group, a cyano group, a carbonyl group, and a
nitro group are exemplified. Further, R* may combine with R’
to form a ring.

[0323] Further, hammett substitution constants 0, and 0,,,,
for example, were described in “Hamettosoku-Kozo To
Han’nosei (Hammett’s Rule-Structure and Reactivity)” writ-
ten by Naoki Inamoto (published by Maruzen); “Shinjikken
Kagaku Koza 14, Yuki Kagobutsu No Gosei To Han’no V
(Novel Experimental Chemistry Lecture 14, Synthesis and
Reaction V of Organic Compounds)”, p. 2605, edited by the
Chemical Society of Japan, (published by Maruzen); “Riron
Yuki Kagaku Kaisetsu (Theoretical Organic Chemistry
Handbook)”, written by Tadao Nakaya, p. 217 (published by
Tokyo Kagaku Dojin), Kemikaru Rebyu (Chemical Review),
vol. 91, pp. 165-195 (1991).

[0324] A' and A each independently represents a group
selected from the group consisting of —O—, —NR— (R
represents a hydrogen atom or a substituent), —S— and
—CO—. preferred are —O—, —NR— (R represents a sub-
stituent, and examples of R include examples of R') or S—.
[0325] Xrepresents a nonmetal atom of 14th to 16th group,
provided that a hydrogen atom or a substituent may be bonded
to X. X is preferably —0, —S, —NR, and —=C(R)R (R
represents a substituent, and examples of R include examples

of RY.

[0326] nrepresents an integer of from 0to 2, and preferably
isOand 1.

[0327] Specific examples of compounds represented by

(1I)-1 or (I1)-2 are shown below, but examples of the retarda-
tion developer are not limited to the following specific
examples. The following compounds are represented as
exemplified compounds (X) using numbers in parenteses,
unless specified otherwise.
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[0328] Synthesis of compounds represented by (II)-1 or example, exemplified compound (1) may be synthesized
(I)-2 may be performed by referring to known method. For according to the following scheme.
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Exemplified compound (1)
[0329] In the scheme, synthesis from compound (1-A) to [0337] Anaromatic ring of the aromatic group is preferably

compound (1-D) may be performed by referring to the
method described in “Journal of Chemical Crystallography”
(1997); 27(9); p 515-526.

[0330] Further, as shown in the scheme, Exemplified com-
pound (1) may be obtained by adding methane sulfonyl chlo-
ride to the solution of compound (1-E) in tetrahydrofuran,
dropping and stirring N,N-diisopropyl ethyl amine, following
adding N,N-diisopropyl ethyl amine thereto, dropping the
solution of compound (1-D) in tetrahydrofuran thereto, and
then dropping solution of the N,N-dimethyl aminopyridine
(DMAP) in tetrahydrofuran thereto.

[0331] Further, a rod aromatic compound described inp 11
to p 14 of JP-A-2004-50516 may be used as a retardation
developer.

[0332] Further, as the retardation developer, one kind of the
compound may be used alone or two or more kinds of com-
pounds may be used by mixing. two kinds or more com-
pounds which are different from each other are used as a
retardation developer, which is preferred because the retarda-
tion developer which may have the wider adjustment range of
retardation to be easily adjusted to desirable range.

[0333] The retardation developer may contain at least one
kind of the compound represented by the following formula
.

ArtL2X1B-AF Formula (II)

[0334] In formula (III); Ar* and Ar® each independently
represents anaromatic group, I.'? and L'® each independently
represents a divalent connecting group selected from
—O0—CO— or CO—0O— group, and X represents a 1,4-
cyclohexylene group, a vinylene group, or an ethynylene
group.

[0335] In the specification, an aromatic group includes an
aryl group (aromatic hydrocarbon group), a substituted aryl
group, an aromatic heterocyclic group, and a substituted aro-
matic heterocyclic group.

[0336] An aryl group and a substituted aryl group are more
preferred than an aromatic heterocyclic group and a substi-
tuted aromatic heterocyclic group. A heterocyclic ring of the
aromatic heterocyclic group is generally unsaturated. It is
preferred that the aromatic heterocyclic ring is five-, six- or
seven-membered rings, and is more preferably five- or six-
membered rings. The aromatic heterocyclic ring generally
has most double bonds. A hetero atom is preferably a nitrogen
atom, an oxygen atom, or a sulfur atom, and more preferably
a nitrogen atom and a sulfur atom.

abenzene ring, a furan ring, a thiophene ring, a pyrrol ring, an
oxazole ring, a thiazol ring, an imidazole ring, a triazole ring,
a pyridine ring, a pyrimidine ring, and a pyrazine ring, and
particularly preferably a benzene ring.

[0338] Examples of substituents of a substituted aryl group
and a substituted aromatic heterocyclic group include a halo-
gen atom (F, Cl, Br, and I), a hydroxyl group, a carboxyl
group, a cyano group, an amino group, an alkyl amino group
(e.g., a methyl amino group, an ethyl amino group, a butyl
amino group, and a dimethyl amino group), a nitro group, a
sulfo group, a carbamoyl group, an alkyl carbamoyl group
(e.g., an N-methyl carbamoyl group, an N-ethyl carbamoyl
group, and an N,N-dimethyl carbamoyl group), a sulfamoyl
group, an alkyl sulfamoyl group (e.g., an N-methyl sulfamoyl
group, an N-ethyl sulfamoyl group, and an N,N-dimethyl
sulfamoyl group), a ureido group, an alkyl ureido group (e.g.,
an N-methyl ureido group, an N,N-dimethyl ureido group,
and an N,N,N'-trimethyl ureido group), an alkyl group (e.g.,a
methyl group, an ethyl group, a propyl group, a butyl group,
a pentyl group, a heptyl group, an octyl group, an isopropyl
group, a s-butyl group, a t-amyl group, a cyclohexyl group,
and a cyclopentyl group), an alkenyl group (e.g., a vinyl
group, an allyl group, and a hexenyl group), an alkynyl group
(e.g., an ethynyl group, and a butynyl group), an acyl group
(e.g., a formyl group, an acetyl group, a butyryl group, a
hexanoyl group, and a lauryl group), an acyloxy group (e.g.,
an acetoxy group, butyryloxy group, a hexanoyloxy group,
and a lauryloxy group), an alkoxy group (e.g., a methoxy
group, an ethoxy group, a propoxy group, a butoxy group, a
pentyloxy group, a heptyloxy group, and an octyloxy group),
an aryloxy group (e.g., a phenoxy group), an alkoxy carbonyl
group (e.g., a methyoxy carbonyl group, an ethoxy carbonyl
group, a propoxy carbonyl group, a butoxy carbonyl group, a
pentyloxy carbonyl group, and a heptyloxy carbony! group),
an aryloxy carbonyl group (e.g., a phenoxy carbonyl group),
an alkoxy carbonyl amino group (e.g., a butoxy carbonyl
amino group, and a hexyloxy carbonyl amino group), an alkyl
thio group (e.g., a methyl thio group, an ethyl thio group, a
propyl thio group, a butyl thio group, a pentyl thio group, a
heptyl thio group, and an oxtyl thio group), an aryl thio group
(e.g., a phenyl thio group), an alkyl sulfonyl group (e.g., a
methyl sulfonyl group, an ethyl sulfonyl group, a propyl
sulfonyl group, a butyl sulfonyl group, a pentyl sulfonyl
group, a heptyl sulfonyl group, and an octyl sulfony! group),
an amido group (e.g., an acetoamido group, a butyl amido



US 2010/0220272 Al
45

group, a hexyl amido group, and a lauryl amido group), and a
nonaromatic heterocyclic group (e.g., a morpholyl group, and
a pyrazinyl group).

[0339] Substituents of a substituted aryl group and a sub- -
stituted aromatic heterocyclic group include preferably a o
halogen atom, a cyano group, a carboxyl group, a hydroxyl
group, an amino group, an alkyl-substituted amino group, an
acyl group, an acyloxy group, an amido group, an alkoxy
carbonyl group, an alkoxy group, an alkyl thio group, and an
alkyl group.

[0340] Alkyl moieties and alkyl groups of an alkyl amino
group, an alkoxy carbonyl group, an alkoxy group, and an
alkyl thio group may further have a substituent. Examples of
substitutes of the alkyl moieties and the alkyl groups prefer-
ably include a halogen atom, hydroxyl, carboxyl, cyano,
amino, and alkyl amino groups, nitro, sulfo, carbamoy], alkyl
carbamoyl groups, sulfamoyl, alkyl sulfamoyl groups, ure-
ido, alkyl ureido groups, an alkenyl group, an alkynyl group,
an acyl group, an acyloxy group, an acyl amino group, an
alkoxy group, an aryloxy group, an alkoxy carbonyl group, an
aryloxy carbonyl group, an alkoxy carbonyl amino group, an
alkyl thio group, an aryl thio group, an alkyl sulfonyl group,

an amido group, and a nonaromatic heterocyclic group. Sub- C7H;s
stituents of alkyl moieties and alkyl groups are preferably a
halogen atom, hydroxyl, amino, an alkylamino group, an acyl
group, an acyloxy group, an acylamino group, an alkoxycar-
bonyl group, and an alkoxy group. Colls
[0341] Specific examples of compounds represented by

formula (IIT) are shown below, but examples of the retardation

developer are not limited to the following specific examples.
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[0342] Specific examples (1)to(34), (41) and (42) have two
asymmetric carbon atoms at 1-position and 4-position of a
cyclohexane ring. Specific examples (1), (4) to (34), (41), and
(42) have a symmetric meso type molecular structure, and
therefore no optical isomer (optical activity) but only geomet-
ric isomer (trans- and cis-forms) is present. Trans form
(I-trans) and cis form (1-cis) of specific example (1) are
shown below.
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[0343] As described above, it is preferred that a rod-form
compound has a linear molecular structure. Accordingly,
trans-form is more preferred than cis-form.

[0344] Specific examples (2) and (3) have stereoisomers
(total four kinds of isomers) in addition to geometric isomers.
With reference to geometric isomers, trans-form is more pre-
ferred than cis-form as described above. In particularly opti-
cal isomers may be any one of D-form, L-form, and racemate,
any of which can be employed nearly equally.

[0345] Specific examples (43)to (45) aretrans-form and cis
form with respect to the vinylene bond at the center. Trans
form is more preferred than cis-form due to the reason as
described above.

[0346] The retardation developer also is preferably a com-
pound represented by the following formula (V).

Formula (V)

R OR"
O
R%0 LI—f Arl=T25—ar
RY R’
[0347] In formula (V), R*, R* and R’ each independently

represents a hydrogen atom or a substituent, R** and R** each
independently represents a hydrogen atom or an alkyl group,
and ! and I.” each independently represents a single bond or
a divalent connecting group. Ar* represents an arylene group
or an aromatic heterocyclic ring, Ar” represents an aryl group
or a an aromatic heterocyclic ring, and n represents an integer
of 3 or more. n kinds of L? and Ar' each may be the same or
different. However, R*' and R'? are different from each other,
and an alkyl group represented by R'* does not include a
hetero atom.

[0348] In formula (V), R% R*and R® each independently
represents a hydrogen atom or a substitutent.

[0349] Preferred R* in formula (V) is a hydrogen atom, an
alkyl group, an alkoxy group, an amino group, and a hydroxyl
group, more preferably a hydrogen atom, an alkyl group, and
an alkoxy group, and further preferably an a hydrogen atom,
an alkyl group (preferably from 1 to 4 carbon atoms, and more
preferably a methyl group), and an alkoxy group (preferably
from 1 to 12 carbon atoms, more preferably from 1 to 8 carbon
atoms, further preferably from 1 to 6 carbon atoms, and
particularly preferably from 1 to 4 carbon atoms). Particularly
preferred are a hydrogen atom, a methyl group, and a meth-
oxy group, and most preferably a hydrogen atom.

[0350] Preferred R* in formula (V) is ahydrogen atom or an
electron donating group, more preferably a hydrogen atom,
an alkyl group, an alkoxy group, an amino group, and a
hydroxyl group, further preferably a hydrogen atom, an alkyl
group having from 1 to 4 carbon atoms, and an alkoxy group
having from 1 to 12 carbon atoms (preferably from 1 to 12
carbon atoms, more preferably from 1 to 8 carbon atoms,
further preferably from 1 to 6 carbon atoms, and particularly
preferably from 1 to 4 carbon atoms), and particularly pre-
ferred are a hydrogen atom, an alkyl group having from 1 to
4 carbon atoms, and an alkoxy group having from 1 to 4
carbon atoms, and most preferably a hydrogen atom and a
methoxy group.
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[0351] Preferred R® in formula (V) is a hydrogen atom, a
halogen atom, an alkyl group, an alkoxy group, an amino
group, and a hydroxyl group, more preferably a hydrogen
atom, an alkyl group, and an alkoxy group, and further pref-
erably an a hydrogen atom, an alkyl group (preferably from 1
to 4 carbon atoms, and more preferably a methyl group), and
an alkoxy group (preferably from 1 to 12 carbon atoms, more
preferably from 1 to 8 carbon atoms, further preferably from
1 to 6 carbon atoms, and particularly preferably from 1 to 4
carbon atoms). Particularly preferred are a hydrogen atom, a
methyl group, and a methoxy group, and most preferably a
hydrogen atom.

[0352] R'!'andR'?informula (V) each independently rep-
resents a hydrogen atom or an alkyl group, R'" and R'? are
different from each other, and an alkyl group represented by
R*? does not include a hetero atom. The hetero atom repre-
sents an atom other than a hydrogen atom and a carbon atom,
and includes an oxygen atom, a nitrogen atom, a sulfur atom,
phosphorus, silicon, halogen atoms (F, Cl, Br and I), and
boron.

[0353] An alkyl group represented by R** and R** may be
linear, branched, or cyclic, and represent substituted or
unsubstituted alkyl group, preferably substituted or unsubsti-
tuted alkyl group having from 1 to 30 carbon atoms, a substi-
tuted or unsubstituted cycloalkyl group having from 3 to 30
carbon atoms, a substituted or unsubstituted bicycloalkyl
group having from 5 to 30 carbon atoms (i.e., monovalent
group removing one hydrogen from bicycloalkane having
from 5 to 30 carbon atoms), and further tricyclo-structures
having many ring structures.

[0354] Preferred examples of an alkyl group represented by
R'! and R*? include methyl, ethyl, n-propyl, isopropyl, n-bu-
tyl, sec-butyl, t-butyl, an n-pentyl group, an iso-pentyl group,
an n-hexyl group, an n-heptyl group, an n-octyl group, a
tert-octyl group, a 2-ethylhexyl group, an n-nonyl group, a
1,1,3-trimethyl hexyl group, an n-decyl group, a 2-hexyl
decyl group, a cyclohexyl group, a cycloheptyl group, a
2-hexenyl group, an oleyl group, a linoleyl group, and lino-
lenyl group. Further a cyclcoalkyl group includes cyclohexyl,
cyclopentyl, and 4-n-dodecyl cyclohexyl. A bicycloalkyl
group includes bicyclo[1,2,2]heptan-2-yl, and bicyclo[2,2,2]
octan-3-yl.

[0355] R'!isfurther preferably a hydrogen atom, a methyl
group, an ethyl group, an n-propyl group, and an isopropyl
group, particularly preferably a hydrogen atom, and a methyl
group, and most preferably a methyl group.

[0356] R'? is particularly preferably an alkyl group con-
taining 2 or more carbon atom, and more preferably an alkyl
group containing 3 or more carbon atoni. Branched or cyclic
structure is particularly preferably used.

[0357] Specific examples (O-1 to O-20) of an alkyl group
represented by R'? are described below, but the invention is
not at all limited to the following specific examples. In the
following specific examples, “#” means an oxygen atom side.

0O-1
CH.
Vs 3
#
0-2
GoHs
e
#
0-3
C3H5(m)
Vs 349
#
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-continued
0-4
C3H(1)
#/
0-5
C4Ho(m)
#/
0-6
_C(CHy)s
#
0-7
CsHy(n)
#/
0-8
CH,
0-9
CeHiz(n)
#/
0-10
Cng(H)
#/
0O-11
C4H9
#/\/
C2H4
0-12
CsHy7
#/Y
Celli3
0-13
CioHa)
#/Y
CgHy7
0-14
# :
0-15
CH; CH;
#WCH3
0-16
CH; CH;
#WCHs
/ 0-17
. NN
0-18
. /\/\CH3
(cic/rans mixture)
0-19
CH,CH,CH(CH;)CH,C(CHy)z
#
CH(CH3)CH,C(CH)s
0-20
CH,CH,CH(CH;)CH,CH,CH;
#
CH,CH,CH,CH,CH(CH;)CH,CH,CHj
[0358] In formula (V), Ar' represents an arylene group or

an aromatic heterocyclic ring, and all of Ar* of repetition unit
may be the same or different. Further, Ar® represents an aryl
group or an aromatic heterocyclic ring.
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[0359] Informula(V),thearylene group represented by Ar'
is preferably an arylene group having from 6 to 30 carbon
atoms, and may be a single ring, or form a ring condensed
with other rings. Further, if possible, the arylene group may
have a substituent, and the substituent T described below may
be applied as the substituent. The arylene group represented
by Ar' is more preferably from 6 to 20 carbon atoms, and
particularly from 6 to 12 carbon atoms, for example, a phe-
nylene group, a p-methyl phenylene group, and a naphtylene
group.

[0360] In formula (V), the aryl group represented by Ar? is
preferably the aryl group having 6 to 30 carbon atoms, and
may be a single ring or form a ring condensed with other
rings. Further, if possible, the aryl group may have a substitu-
ent, and the substituent T described below may be applied as
the substituent. The aryl group represented by Ar” is more
preferably from 6 to 20 carbon atoms, and particularly from 6
to 12 carbon atoms, for example, a phenyl group, a p-methyl
phenyl group, and a naphty] group.

[0361] In formula (V), the aromatic heterocyclic ring rep-
resented by Ar' and Ar* may be an aromatic heterocyclic ring
containing at least one of an oxygen atom, a nitrogen atom, or
a sulfur atom, and preferably a five- or six-membered aro-
matic heterocyclic ring containing at least one of an oxygen
atom, a nitrogen atom, or a sulfur atom. Further, if possible,
the aromatic heterocyclic ring may further have a substituent.
The substituent T described below may be applied as the
substituent.

[0362] In formula (V), specific examples of the aromatic
heterocyclic ring represented by Ar' and Ar” include furan,
pyrrole, thiopene, imidazole, pyrazole, pyridine, pyrazine,
pyridazine, triazole, triazine, indole, indazole, furine, thiazo-
line, thiazole, thiadiazole, oxazoline, oxazole, oxadiazole,
quinoline, isoquinoline, phthalazine, naphthylidine, quinoxa-
line, quinazoline, cinnoline, pteridine, acridine, phenanthro-
line, phenazine, tetrazole, benzimidazole, benzoxazole, ben-
zthiazole, benziriazole, tetrazaindene, pyrrolotriazole, and
pyrazolotriazole. Preferred aromatic heterocyclic ring is ben-
zimidazole, benzoxazole, benzthizole, and benztriazole.
[0363] Informula (V), L' and L* each independently rep-
resents a single bond or a divalent connecting group. L' and
L? may be the same or different. All of L.* in repetition unit
may be the same or different.

[0364] Preferred divalent connecting group is —O—,
—NR—(R represents a hydrogen atom, or an alkyl group or
an aryl group which may have a substituent), —CO—,
—S80,—, —S—, an alkylene group, a substituted alkylene
group, an alkenylene group, a substituted alkenylene group,
an alkynylene group, and a group obtained by the combina-
tion of two or more of these divalent groups. Among these,
more preferred are —O—, —NR—, —CO—, —SO,NR—,
—NRSO,—, —CONR—, —NRCO—, —CO0O—, OCO—,
and an alkynylene group. R represents preferably a hydrogen
atom.

[0365] Inthe compound represented by formula (V) in the
invention, Ar' is combined with L' and L?, but it is particu-
larly preferred that I.'-Ar'-1.% and *-Ar*-1.* are in relation of
para position (1,4-position) to each other when Ar' is a phe-
nylene group.

[0366] In formula (V), nrepresents an integer of3 or more,
preferably from 3 to 7, more preferably from 3 to 6, and
further preferably from 3 to 5.
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[0367] As the compound represented by formula (V), the
compound represented by the following formulae (V)-1 and
(V)-2 may particularly preferably be used.

Formula (V)-1

R OR!
rRB0 L'—t Ar'—12—ar
0 RS

[0368] In formula (V)-1, R* and R® each independently
represents a hydrogen atom or a substituent, R'* and R** each
independently represents a hydrogen atom or an alkyl group,
and L' and L* each independently represents a single bond or
a divalent connecting group. Ar' represents an arylene group
or an aromatic heterocyclic ring, Ar” represents an aryl group
or an aromatic heterocyclic ring, n represents an integer of 3
or more, and n kinds of I.*> and Ar' may be the same or
different. However, R'! and R*? are different from each other,
and the alkyl group represented by R** does not include a
hetero atom.

[0369] In formmla (V)-1, R?, R, R*!, and R, have the
same meanings as those in formula (V), and the preferred
range thereof is also the same as that in formula (V). Further,
L', L* Ar' and Ar* have the same meanings as those in
formula (V), and the preferred range thereof is also the same
as that in formula (V).).

Formula (V)-2

R2 OR!!
RB0 L!'— Arl—T125—ar
RI4O R5

[0370] In formula (V)-2, R? and R® each independently
represents a hydrogen atom or a substituent, R**, R*? and R**
each independently represents a hydrogen atom or an alkyl
group, and L' and L? each independently represents a single
bond or a divalent connecting group. Ar' represents an
arylene group or an aromatic heterocyclic ring, Ar* represents
an aryl group or an aromatic heterocyclic ring, n represents an
integer of 3 or more, and n kinds of L* and Ar' may be the
same or different. However, R*! and R'? are different from
each other, and the alkyl group represented by R'* does not
include a hetero atom.

[0371] In formula (V)-2, R% R* R'!, and R'* have the
same meanings as those in formula (V), and the preferred
range thereof'is also the same as that in formula (V).). Further,
L', L? Ar' and Ar* have the same meanings as those in
formula (V), and the preferred range thereof is also the same
as that in formula (V).).

[0372] Informula (V)-2, R'*represents a hydrogen atom or
an alkyl group, the alkyl group represented by preferred
examples of R'* and R'? is preferably used as an alkyl group.
Preferred R** is a hydrogen atom or an alkyl group having
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from 1 to 4 carbon atoms, more preferably a hydrogen atom,
or an alkyl group having from 1 to 3 carbon atoms, and more
preferably a methyl group. R* and R** may be the same or
different, and a methyl group is particularly preferred for R**
and R'*.

[0373] Further, a compound represented by formula (V)-2

preferably is a compound represented by formula (V)-2-A or
formula (V)-2-B.

Formula (V)-2-A
R? OR!! R0 R?
I I
rRY0 C—L'—tAr'-12—C OR"
H R’ R’ H

[0374] Informula (V)-2-A, R* and R® each independently
represents a hydrogen atom or a substituent, R'* and R*?, and
each independently represents a hydrogen atom or an alkyl
group, and L' and L? each independently represents a single
bond or a divalent connecting group. Ar' represents an
arylene group or an aromatic heterocyclic ring, n represents
an integer of 3 or more, and n kinds of L.? and Ar' may be the
same or different respectively. However, R'* and R" are
different from each other, and the alkyl group represented by
R'? does not include a hetero atom.

[0375] In formula (V)-2-A, R* R> R'', R'?, L', L2, Ar',
and n have the same meanings as those in formula (V), and the
preferred range thereof'is also the same as that in formula (V).

Formula (V)-2-B

R? OR!! RO R?
0 0

R0 C—LI—tAr'-179—C ORE
RI4O RS RS OR14

[0376] In fornmla (V)-2-B, R? and R® each independently
represents a hydrogen atom or a substituent, R**' R*? and R**
each independently represents a hydrogen atom or an alkyl
group, and L' and L? each independently represents a single
bond or a divalent connecting group. Ar' represents an
arylene group or an aromatic heterocyclic ring, n represents
an integer of 3 or more, and n kinds of L' and Ar' may be the
same or different respectively. However, R'* and R" are
different each other, and the alkyl group represented by R'?
does not include a hetero atom.

[0377] In formula (V)-2-B, R%, R RY, R, R L', 12,
Ar', and n, have the same meanings as those in formula (V)
and (V)-2, and the preferred range thereof is also the same as
that in formula (V) and (V)-2.

[0378] The substituent T is described below.

[0379] Preferred substituent T includes a halogen atom (for
example, a fluorine atom, a chlorine atom, a bromine atom,
and an iodine atom), an alkyl group (preferably, alkyl group
having from 1 to 30 carbon atoms, for example, a methyl
group, an ethyl group, n-propyl group, an isopropyl group, a
tert-butyl group, an n-octyl group, and a 2-ethylhexyl group),
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a cycloalkyl group (preferably, a substituted or unsubstituted
cycloalkyl group having from 3 to 30 carbon atoms, for
example, a cyclohexyl group, a cyclopentyl group, and 4-n-
dodecyl cyclohexyl group), a bicycloalkyl group (preferably,
asubstituted or unsubstituted bicycloalkyl group having from
5 to 30 carbon atoms, that is, a monovalent group which
removes a hydrogen atom from bicycloalkane having from 5
to 30 carbon atoms; for example, a bicyclo[1,2,2]heptan-2-yl
group, a bicyclo[2,2,2]octan-3-y1 group), an alkenyl group
(preferably, a substituted or unsubstituted alkenyl group hav-
ing from 2 to 30 carbon atoms, for example, a vinyl group, and
an allyl group). a cycloalkenyl group (preferably, a substi-
tuted or unsubstituted cycloalkenyl group having from 3 to 30
carbon atoms, that is, a monovalent group which removes a
hydrogen atom of a cycloalkene having from 3 to 30 carbon
atoms, for example, a 2-cyclopenten-1-yl, and a 2-cyclo-
hexen-1-yl group), a bicycloalkenyl group (substituted or
unsubstituted bicycloalkenyl group, preferably substituted or
unsubstituted bicycloalkenyl group having from 5 to 30 car-
bon atoms, that is a monovalent group removing a hydrogen
atom of a bicycloalkene having a double bond; for example, a
bicyclo[2,2,1Thept-2-en-1-yl, and bicyclo[2,2,2]oct-2-en-4-
yl group), an alkynyl group (preferably, a substituted or
unsubstituted alkynyl group having from 2 to 30 carbon
atoms, for example, an ethynyl group, and a propargyl group),
an aryl group (preferably substituted or unsubstituted aryl
group having from 6 to 30 carbon atoms, for example, a
phenyl group, a p-tolyl group, and a naphthyl group), a het-
erocyclic group (a monovalent group removing a hydrogen
atom from aromatic or nonaromatic heterocyclic compound
which is five- or six-membered substituted or unsubstituted is
preferred, and more preferably five- or six-membered aro-
matic heterocyclic group having from 3 to 30 carbon atoms.
For example, a 2-furyl group, a 2-thienyl group, a 2-pyrim-
idinyl group, and a 2-benzothiazolyl group),

[0380] a cyano group, a hydroxyl group, a nitro group, a
carboxyl group, an alkoxy group (preferably substituted or
unsubstituted alkoxy group having from 1 to 30 carbon
atoms, for example, a methoxy group, an ethoxy group, an
isopropoxy group, a tert-butoxy group, an n-octyloxy group,
and a 2-methoxyethoxy group), an aryloxy group (preferably,
a substituted or unsubstituted aryloxy group having from 6 to
30 carbon atoms, for example, a phenoxy group, a 2-methyl
phenoxy group, a 4-tert-butyl phenoxy group, a 3-nitrophe-
noxy group, a 2-tetradecanoyl aminophenoxy group), a sily-
loxy group (preferably, a silyloxy group having from 3 to 20
carbon atoms, for example, a trimethyl silyloxy group, a
tert-butyl dimethyl silyloxy group), a heterocyclic oxy group
(preferably, a substituted or unsubstituted heterocyclic oxy
group having from 2 to 30 carbon atoms, a 1-phenyl tetrazol-
5-oxy group, and a 2-tetrahydropyranyloxy group), an acy-
loxy group (preferably, a formyloxy group, a substituted or
unsubstituted alkyl carbonyloxy group having from 2 to 30
carbon atoms, preferably, a substituted or unsubstituted aryl
carbonyloxy group having from 6 to 30 carbon atoms, for
example, a formyloxy group, an acetyloxy group, a pyvaloy-
loxy group, a stearoyloxy group, a benzoyloxy group, a
p-methoxy phenyl carbonyloxy group), a carbamoyloxy
group (preferably, a substituted or unsubstituted carbamoy-
loxy group having from 1 to 30 carbon atoms, for example, an
N,N-dimethyl carbamoyloxy group, an N,N-diethyl carbam-
oyloxy group, a morpholino carbonyloxy group, an N,N-di-
n-octylamino carbonyloxy group, and an N-n-octyl carbam-
oyloxy group), an alkoxy carbonyloxy group (preferably, a
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substituted or unsubstituted alkoxy carbonyloxy group hav-
ing from 2 to 30 carbon atoms, for example, a methoxy
carbonyloxy group, an ethoxy carbonyloxy group, a tert-
butoxy carbonyloxy group, and an n-octyl carbonyloxy
group), an aryloxy carbonyloxy group (preferably, a substi-
tuted or unsubstituted aryloxy carbonyloxy group having
from 7 to 30 carbon atoms, for example, a phenoxy carbony-
loxy group, a p-methoxy phenoxy carbonyloxy group, a p-n-
hexadecyloxy phenoxy carbonyloxy group),

[0381] an amino group (preferably, an amino group, a sub-
stituted or unsubstituted alkyl amino group having from 1 to
30 carbon atoms, a substituted or unsubstituted anilino group
having from 6 to 30 carbon atoms, for example, an amino
group, a methyl amino group, a dimethyl amino group, an
anilino group, an N-methyl-anilino group, and a diphenyl
amino group), an acyl amino group (preferably, a formyl
amino group, a substituted or unsubstituted alkyl carbonyl
amino group having from 1 to 30 carbon atoms, a substituted
or unsubstituted aryl carbonyl amino group having from 6 to
30 carbon atoms, for example, a formyl amino group, an
acetyl amino group, a pivaloyl amino group, a lauroyl amino
group, and a benzoyl amino group), an aminocarbonyl amino
group (preferably, a substituted or unsubstituted aminocarbo-
nyl amino group having from 1 to 30 carbon atoms, for
example, a carbamoyl amino group, an N,N-dimethyl amino
carbonyl amino group, an N.N-diethyl amino carbonyl amino
group, a morpholino carbonyl amino group), an alkoxy car-
bonyl amino group (preferably, a substituted or unsubstituted
alkoxy carbonyl amino group having from 2 to 30 carbon
atoms, for example, a methoxy carbonyl amino group, an
ethoxy carbonyl amino group, a tert-butoxy carbonyl amino
group, an n-octadecyloxy carbonyl amino group, and an
N-methyl-methoxy carbonyl amino group), an aryloxy car-
bonyl amino group (preferably, a substituted or unsubstituted
aryloxy carbonyl amino group having from 7 to 30 carbon
atoms, for example, a phenoxy carbonyl amino group, a
p-chlorophenoxy carbonyl amino group, and a m-n-octyloxy
phenoxy carbonyl amino group), a sulfamoyl amino group
(preferably, a substituted or unsubstituted sulfamoyl amino
group having from O to 30 carbon atoms, for example, a
sulfamoyl amino group, an N,N-dimethyl amino sulfonyl
amino group, and an N-n-octyl amino sulfonyl amino group),
an alkyl sulfonyl amino group and aryl sulfonyl amino group
(preferably, a substituted or unsubstituted alkyl sulfonyl
amino group having from 1 to 30 carbon atoms, a substituted
or unsubstituted aryl sulfonyl amino group having from 6 to
30 carbon atoms, for example, a methyl sulfonyl amino
group, a buty! sulfonyl amino group, a phenyl sulfonyl amino
group, a 2,3,5-trichlorophenyl sulfonyl amino group, and a
p-methyl phenyl sulfonyl amino group), a mercapto group, an
alkyl thio group (preferably, a substituted or unsubstituted
alkyl thio group having from 1 to 30 carbon atoms, for
example, a methyl thio group, an ethyl thio group, and an
n-hexadecyl thio group), an aryl thio group (preferably, a
substituted or unsubstituted aryl thio group having from 6 to
30 carbon atoms, for example, a pheny] thio group, a p-chlo-
rophenyl thio group, and a m-methoxy phenyl thio group), a
heterocyclic thio group (preferably, a substituted or unsubsti-
tuted heterocyclic thio group having from 2 to 30 carbon
atoms, for example, a 2-benzothiazolyl thio group, and a
1-phenyltetrazol-5-yl thio group),

[0382] a sulfamoyl group (preferably, a substituted or
unsubstituted sulfamoyl group having from 0 to 30 carbon
atoms, for example, an N-ethyl sulfamoyl group, an N-(3-
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dodecyloxy propyl) sulfamoyl group, an N,N-dimethyl sul-
famoyl group, an N-acetyl sulfamoyl group, an N-benzoyl
sulfamoyl group, and an N—(N'-phenyl carbamoyl) sulfa-
moyl group), a sulfo group, alkyl sulfynyl group and aryl
sulfynyl group (preferably, a substituted or unsubstituted
alkyl sulfynyl group having from 1 to 30 carbon atoms, a
substituted or unsubstituted aryl sulfynyl group having from
6 to 30 carbon atoms, for example, a methyl sulfynyl group,
an ethyl sulfynyl group, a phenyl sulfynyl group, and a p-me-
thyl phenyl sulfynyl group), alkyl sulfonyl group and aryl
sulfonyl group (preferably, a substituted or unsubstituted
alkyl sulfonyl group having from 1 to 30 carbon atoms, a
substituted or unsubstituted aryl sulfonyl group having from
6 to 30 carbon atoms, for example, a methyl sulfonyl group,
an ethyl sulfonyl group, a phenyl sulfonyl group, and a p-me-
thyl phenyl sulfonyl group), an acyl group (preferably, a
formyl group, a substituted or unsubstituted alkyl carbonyl
group having from 2 to 30 carbon atoms, a substituted or
unsubstituted aryl carbonyl group having from 7 to 30 carbon
atoms, for example, an acetyl group, and pivaloyl benzolyl
group), an aryloxy carbony! group (preferably, a substituted
or unsubstituted aryloxy carbonyl group having from 7 to 30
carbon atoms, for example, a phenoxy carbonyl group, an
o-chlorophenoxy carbonyl group, m-nitrophenoxy carbonyl
group, and p-tert-butyl phenoxy carbonyl group), an alkoxy
carbonyl group (preferably, a substituted or unsubstituted
alkoxy carbonyl group having from 2 to 30 carbon atoms, for
example, a methoxy carbonyl group, an ethoxy carbonyl
group, a tert-butoxy carbonyl group, an n-octadecyloxy car-
bonyl group). a carbamoyl group (preferably, a substituted or
unsubstituted carbamoyl group having from 1 to 30 carbon
atoms, for example, a carbamoyl group, an N-methyl carbam-
oyl group, an N,N-dimethy! carbamoyl group, an N,N-di-n-
octyl carbamoyl group, and an N-(methylsulfonyl) carbam-
oyl group), aryl azo group and heterocyclic azo group
(preferably, a substituted or unsubstituted aryl azo group hav-
ing from 6 to 30 carbon atoms, a substituted or unsubstituted
heterocyclic azo group having from 3 to 30 carbon atoms, for
example, a phenyl azo group, a p-chlorophenyl azo group,
and 5-ethylthio-1,3,4-thiadiazol-2-yl azo group), an imido
group (preferably, an N-succinimido group, and an N-phthal-
imido group), a phosphino group (preferably, a substituted or
unsubstituted phosphino group having from 2 to 30 carbon
atoms, for example, a dimethyl phosphino group, a diphenyl
phosphino group, and a methyl phenoxy phosphino group), a
phosphiny] group (preferably, a substituted or unsubstituted
phosphinyl group having from 2 to 30 carbon atoms, for
example, a phosphinyl group, a dioctyloxy phosphinyl group,
and a diethoxy phosphinyl group), a phosphinyloxy group
(preferably, a substituted or unsubstituted phosphinyloxy
group having from 2 to 30 carbon atoms, for example, a
diphenoxy phosphinyloxy group, and a dioctyloxy phosphi-
nyloxy group), a phosphinyl amino group (preferably, a sub-
stituted or unsubstituted phosphinyl amino group having
from 2 to 30 carbon atoms, for example, a dimethoxy phos-
phinyl amino group and dimethyl amino phosphinyl amino
group), a silyl group (preferably, a substituted or unsubsti-
tuted silyl group having from 3 to 30 carbon atoms, for
example, a trimethyl silyl group, a tert-butyl dimethyl silyl
group, and a phenyl dimethyl silyl group).

[0383] From the above substituents with hydrogen atoms,
the hydrogen atom is removed and is substituted with an
above group. Examples of such functional groups include an
alkyl carbonyl aminosulfonyl group, an aryl carbonyl amino-
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sulfonyl group, an alkyl sulfonyl amino carbonyl group, and
an aryl sulfonyl amino carbonyl group. Specific examples of
these groups include a methyl sulfony! aminocarbonyl group,
a p-methyl phenyl sulfonyl amino carbonyl group, an acetyl
amino sulfonyl group, and a benzoyl amino sulfonyl group.
[0384] Further, when two or more substituents are present,
the substituents may be the same or different. Further, if
possible, the substituents may be combined to each other to
form a ring.

[0385] Preferred compounds represented by formula (V)-
2-A are those in which all of R'* is a methyl group, all of R
and R® are a hydrogen atom, R'? is an alkyl group having 3 or

OCH,

[0} (0] (0] (0]
R CH;
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more carbon atoms, I.' is a single bond, —0—, —CO—,
—NR—, —SO,NR—, —NRSO,—, —CONR—,
—NRCO—, —COO—, OCO—, and an alkynylene group (R
represents a hydrogen atom, an alkyl group, and aryl group
which may have a substituent. Preferred is a hydrogen atom),
[?is —O— or NR—(R represents a hydrogen atom, an alkyl
group, and an aryl group which may have a substituent. Pre-
ferred is a hydrogen atom), At* is an arylene group, and n is
from 3 to 6.

[0386] Compounds represented by formulae (V)-2-A and
(V)-2-B are described below, but the invention is not at all
limited by the following specific examples.

,CO

0C,H;
R
A-0L;R=H
B-101; R = OCHj
OCH; H;C0
0 0 0 0
H
C3H7O O@OONJ_QO OC3H7
R CH; R
A-102;R=H
B-102; R = OCH,

OCH;  CH;0

H,CO

OCH, R

0 0
i
o o Q 0 N OC4H 3
H
Cel 130 N 0 O
R

A-103;R=H
B-103; R = OCH;

OCHj

C»Hs 0

H;CO, C4Ho

o 0 0 o /_<
R

C4Ho OCH, R
A-104R=H
B-104; R = OCH;
OCH; H;CO
0 0 0 0
HyC
H;C R OCH; R

CH,

A-105;R=H
B-105; R = OCH;3
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-continued
CyH, OCHj; H;CO C4H,
~ WD W
K R
A-106;R=H
B-106; R = OCHj;
OCH; H,CO
0 0 0 0
HiC R R CH,
CH, H,C
A-107;R=H
B-107; R = OCH;
OCH; H;CO
0 0 0 0
H H
R R
A-108;R=H
B-108; R = OCH;
OCH; H;CO
0 0 0 0
CGHBO OAQ_LOOJ_QO OC6H13
R R

A-109;R - H
B-109; R = OCH;

CH;s OCH; CH;O H;CO C,Hs
)\ i i i i ~
H H
C4H9 ° ) OOJ_QN ) C4H9
K OCH; R

A-110;R-H
B-110; R = OCH;

CyH, OCHj; H;CO C4H,
I\ i i i i ~
R CH, R

Al R-H
B-111;R = OCH;
OCH; H;CO
0 0 0 0
H;C R CH; R \_>—CH3
CH, H,C
Al12;R=-H

B-112; R = OCH3
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64
-continued
OCH; H;CO
(0] (0] (0]
H
CH, R
A-113;R-H
B-113; R=0CH;
OCH; H3CO
0]
R
A-114;,R=H
B-114;R = OCH;
OCH; CH;O OCH; cho
CH3
R
A-115;R=H
B-115; R=0CH3
OH HO
(0] (0] (0] (0]
H
H;CO 0 N 0 0 OCH,;
R R
A-116;R=H
B-116; R = OCH;
OH HO
(0] (€] (6] (0]
H H
()CH0 0 N N 0 OC,Hy(n)
R CH; R
A117;R-H
B-117; R - OCH;
C4H9 OCHj; cho C4H9
A-118;R=H
B-118; R = OCH3
OCH3 H3CO
OCH;
A-119;R=H

B-119; R = OCHj
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-continued
CgHy OCH3 CH;0 H;CO CgH,7
h
CeHis 0 H N 0 CeH,3
CH3
R 0CH; R

A-120;R=H
B-120; R = OCH;

CqHo OCH; H;CO C4Hy

et Y oy
C,Hs 0] OAQ_LOOJ_@?O 0] C,Hs
R R
A-121;R=H
B-121; R = OCH;
OCH3 cho
AL R=H
B-122;R = OCH;
OH HO
0 0 0 0
_ i1
H;CO OAQ—LON o} OCH;
K R
A-123;R=H
B-123; R = OCH;
OCH3 H;CO
0 0
CH3 CH;
OCH;
A4 R=H
B-124; R = OCH;
OCH3 CH;0 H3C0
0CH; R

A-125;R=H
B-125;R = OCH;

HaC OCH3 cho CHz

A-126;R=H
B-126; R = OCH;
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-continued
OCH; cho
A-1DT;R=-H
B-127; R = OCH;
OCH; H3CO
C3H704Q_L O_L ‘@_L G J_Q OC3H7
R

A-128;R=H
B-128; R=0CH;

C2H5 OCH3 cho CoH;
A-129;R=H
B-129; R = OCH;

OCH3 CH;30,
H3CO
0CH;
A-130;R=H
B-130; R = OCH;
OCH; cho
A131;R=-H
B-131; R = OCHj3
OCHj; H3CO

(H)C4HQOAQ_L AQ_L H J_Q J_QOC4H9(H)
A-13L;R=H
B-132; R = OCH;

OCH; H3CO
0] [0} (¢}
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67
-continued
H;CO OCH; H;CO OCH;
O O O 0]

CZHSO O‘Q_LOOJ_@?O OCZHS

C-101
OCH; H;CO
O 0] 0] O
H H
(1)C4H0 OAQ—“— NN—“—@— 0 OC4Hy(n)
OCH; H;CO
C-102
H;CO OCH; H;CO OCH;
0] 0] 0] (@]

(I)CSH“O OAO_LOOJ_QO OCSH“(I)

C-103
OCH; H;CO
0] O O O
a
C,H50 O@NO‘“@*O 0OC,Hs
OCH,; CH, H,CO
C-104
HC OCH; H;CO CH;
>_\ 0] O O O 0] /_<
OCH; H;CO

C-105

[0387] A compound represented by formula (V) may be dioxane are exemplified), ketone solvent, ester solvent, aceto-

synthesized by synthesizing first a substituted benzoic acid,
and then by subjecting the substituted benzoic acid with phe-
nol derivative or aniline derivative to the general esterification
reaction or amidation reaction. If the reaction forms an ester
bond or amide bond, any reaction may be used. For example,
the methods include: a method where a functional group of
the substituted benzoic acid is substituted with acid halide,
and then is condensed with phenol derivative or aniline
derivative; and a method where the substituted benzoic acid
with a phenol derivative or aniline derivative are subjected to
dehydration and condensation by using a condensation agent
or catalyst.

[0388] As the preparation method of compounds repre-
sented by formula (V), a method where a functional group of
the substituted benzoic acid is substituted with acid halide,
and then is condensed with a phenol derivative or aniline
derivative is preferred, when considering a production pro-
cess efc.

[0389] Inapreparation method of a compound represented
by formula (V), a reaction solvent includes hydrocarbon sol-
vent (preferably, toluene, and xylene are exemplified), ether
solvent (preferably, dimethyl ether, tetrahydrofuran, and

nitryl, dimethyl formamide, and dimethyl acetoamide. These
solvents may be used alone, or kinds of solvents may be used
by mixing. Preferred solvents are toluene, acetonitryl, dim-
ethyl formamide, and dimethyl acetoamide.

[0390] Reaction temperature is preferably from 0 to 150°
C., more preferably from 0 to 100° C., further preferably from
0to 90° C., and particularly preferably from 20 to 90° C.

[0391] Further, it is preferred not to use a base in the reac-
tion. In the case of using a base, either an organic base or an
inorganic base may be used, and an organic base such as
pyridine, tertiary alkyl amine (preferably triethyl amine, and
ethyl diisopropyl amine) is preferably used.

[0392] Compounds represented by formulae (V)-2-A and
(V)-2-B may be synthesized by a known method. For
example, in the case of a compound of n=4, the compounds
may be obtained by connecting two molecules of the follow-
ing intermediate B which is obtained by reaction of a starting
compound having the following structure A with a derivative
having reaction sites such as a hydroxyl group and an amino
group, with one molecule of the following compound C.
However, the synthesis method of a compound represented
by formulae (V)-2-A and (V)-2-B is not limited to the
example.
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Structure A

R? OR!!

RBoO

R R’

[0393] Inthe formula, A represents a reaction group such as
ahydroxyl group, a halogen atom, R'', R*,R'? and R® are the
same as described above, and R* is a hydrogen atom or a
substituent represented by OR'* as described above.

intermediate B

R? OR!!

R¥0 Ll—Arl—a

R* R’

[0394] In the formula, A' represents a reaction group such
as a carboxyl group, R', R%, R R*, R™ Ar" and 1" are the
same as described above.

[0395] Compound C
B—AP-I”-AP—B'
[0396] In the formula, B and B' represent a reaction group

such as ahydroxyl group and amino group, and Ar* and L* are
the same as Ar' and L' described above.

[0397] Compounds represented by formulae (V), (V)-1,
and (V)-2 may be used alone, and two or more kinds may be
used by mixing.

[0398] Specific examples of benzotriazole based ultraviolet
absorbent useful in the invention include 2-(2'-hydroxy-5'-
methylphenyl)benzotriazole, 2-(2'-hydroxy-3',5'-di-tert-bu-
tylphenyl)benzotriazole, 2-(2'-hydroxy-3'-tert-butyl-5'-me-
thylphenyl)benzotriazole, 2-(2"-hydroxy-3',5'-di-tert-
butylphenyl)-5-chlorobenzotriazole,  2-(2'-hydroxy-3'-(3",
4" 5" 6"-tetrahydrophthalimide — methyl)-5-methylphenyl)
benzotriazole, 2,2-methylenebis(4-(1,1,3,3-tetramethyl
butyl)-6-(2H-benzotriazol-2-yl)phenol),  2-(2'-hydroxy-3'-
tert-butyl-5'-methylphenyl)-5-chlorobenzotriazole, 2-(2H-
benzotriazol-2-y1)-6-(linear and side chain dodecyl)-4-meth-
vlphenole, and mixture of octyl-3-[3-tert-butyl-4-hydroxy-5-
(chloro-2H-benzotriazol-2-y1)phenyl]propionate and
2-ethylhexyl-3-[3-tert-butyl-4-hydroxy-5-(5-chloro-2H-
benzotriazol-2-yl)phenyl]propionate, but the invention is not
limited thereto. Further, as commercial products, TINUVIN
109, TINUVIN 171, and TINUVIN 326 (all manufactured by
Chiba Specialty Chemicals Co., Ltd.) may be preferably
used.

[0399] [Plasticizer]

[0400] Plasticizer such as biphenyl phosphate and biphenyl
phosphate may be added in the optically anisotropic layer.
[0401] Generally, in large screen displays, reduction in
contrast and tint in inclination direction are significant.
Accordingly, the optical film (also referred to as optically
compensatory sheet) which contains the optically anisotropic
layer of the Embodiment is particularly suitable for large
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screen liquid crystal displays. When an optical film is used for
a large screen liquid crystal display, it is preferred to form a
film having a width of 1470 mm or more. Further, the optical
film of the invention includes not only a piece film cut to the
size with which the film can be directly assembled in liquid
crystal display, but also the film which is produced in a long
shape by consecutive production to be wound in the form ofa
roll. With the latter, the optical film is held and transported as
it is, and is used by cutting to a desirable size when actually
embedded in a liquid crystal display and adhered to the polar-
izer, or the like. Further, with the latter, the optical film
directly adheres to a polarizer, or the like which is produced in
a long shape and includes a polyviny! alcohol film, and then
is used by cutting to a desirable size when actually embedded
in liquid crystal display. The wound roll-shaped optical film
includes a film wound in a roll length of 2500 m or more.
[0402] [Polarizing Plate]

[0403] Further, the embodiment relates to a polarizer, and a
polarizing plate having an optical film of the invention on one
surface of the polarizer. Like the optical film in the embodi-
ment, the polarizing plate of the invention includes not only a
polarizing plate of a piece film cut to the size with which the
film can be directly embedded in a liquid crystal display, but
also a polarizing plate which is produced in a long shape by
consecutive production to be wound in the form of a roll (for
example, a roll length of 2500 m or 3900 m or more). For use
of the polarizing plate in large screen liquid crystal displays,
as described above, it is preferred that the polarizing plate
have a width of or more 1470 mm.

[0404] FIG. 8 and FIG. 9 are schematic diagrams of one
example ofthe liquid crystal display according to the embodi-
ment. A VA mode liquid crystal display has liquid cell LC
(including upper substrate 1, lower substrate 3, and liquid
crystal layer 5), a pair of upper polarizing plate P1 and lower
polarizing plate P2 which have a liquid crystal cell LC being
placed therebetween. The polarizing film generally forms a
polarizing plate having a protective film on both surfaces to be
assembled in a liquid crystal display, but FIG. 8 and FIG. 9 do
not show the outer protective film of the polarizing film in
order to simplify the drawings. Polarizing plates P1 and P2
have polarizing films 8a and 85, and are disposed so as to
orthogonalize the absorption axes thereof 9a and 95 with each
other. Liquid crystal cell LC is a VA mode liquid crystal cell,
and liquid crystal layer 5 is ahomeotropic alignment for black
display. Each of upper substrate 1 and lower substrate 3 has an
alignment film (not shown) and an electrode layer (not
shown) in the inner surface respectively, and further the inner
surface of substrate 1 of observer side has a color filter layer
(not showm).

[0405] Optically anisotropic layers 10a and 10 in embodi-
ments described above are disposed respectively between the
upper substrate 1 and the upper polarizing film 8«, and
between the lower substrate 3 and the lower polarizing film 85
respectively.

[0406] Re(550) and Rth(550) of optically anisotropic layer
105 of FIG. 8 in Embodiment 2-1 specify the following for-
mulae (A) and (B). The optically anisotropic layer 105 is
disposed so as to orthogonalize in-plane slow axis 115 to
absorption axis 95 of lower polarizing film 8. That is, opti-
cally anisotropic layer 105 is disposed so as to orthogonalize
slow axes respectively.

40 nm=Re(550)=275 nm A)

0 nm=Rth(550)=275 nm (B



US 2010/0220272 Al

[0407] Further, the optically anisotropic layer 10a has an
in-plane retardation of substantially 0 nmf, and preferably has
Rth in a thickness direction of 0 to 350 nm. The positions of
10¢ and 105 may be changed.

[0408] Optically anisotropic layers 10a and 105 of F1G. 9in
Embodiment 2-2 satisfy the (C) and (D). The optically aniso-
tropic layers 10a and 105 are disposed so as to orthogonalize
in-plane slow axes 11a and 115 to absorption axes 9a and 95
of upper polarizing film 8a and lower polarizing film 85. That
is, the optically anisotropic layers 104 and 105 are disposed
so as to orthogonalize slow axes respectively.

30 nm=Re(550)=80 nm ©
75 im=Rth(550)=155 nm D)
[0409] In Embodiment, Re(550) is preferably 30 to 80 nm,

further preferably from 40 to 70 nm; and the Rth(550) of a
phase difference film is preferably from 70 to 155 nm, and
further preferably from 80 to 130 nm.

[0410] Theliquid crystal display of the embodiment is a VA
(vertical alignment) liquid crystal display, and therefore opti-
cal compensation of the phase difference (Re Rth when
viewed from an inclination direction) is effective. In the VA
mode, if a structure, in which one pixel is divided into plural
areas and which is referred to as a multi-domain, is used, up,
down, left, and right viewing angle characteristics are aver-
aged, and display quality is improved, and accordingly this is
preferred (the same as in embodiments 1-1 and 1-2).

[0411] The liquid crystal display of the embodiment is
applied, depending on the driving methods, to an active
matrix liquid crystal display which uses 3 terminal or 2 ter-
minal semiconductor elements such as TFT (Thin Film Tran-
sistor) and MIN (Metal Insulator Metal), and a passive matrix
liquid crystal display represented by an STN type called time
division driving. The invention is effective in any display (the
same as in embodiments 1-1, and 1-2).

[0412] The optical film of the embodiment has phase dif-
ference with a small incident angle dependence of, and the
difference (R40-R0) of phase difference RO per 100 um at
incident angle 0° and phase difference R40 per 100 pm at
incident angle 40° is preferably 20 nm or less, and more
preferably 10 nm or less.

[0413] The optical film of the embodiment has a thickness
of 1 pm or more and less than 500 um, and more preferably 10
wm or more and less than 300 um. The optical film where the
thickness is thinner than 1 pm is not preferred due to poor
strength, and breaks are easily generated when stretched.
[0414] A production method of the optical film in the
embodiment is not limited, but a lactone ring-containing
polymer, other thermoplastic resins, and other additives may
be mixed by a conventionally known mixing method, follow-
ing by forming a thermoplastic resin composition in advance,
then producing an optical film. In the production method of
the thermoplastic resin composition, extrusion kneading of
obtained mixture after preblending with mixer such as Omni
Mixer may be used. In this case, the kneader used in the
extrusion kneading is not limited, but an extruder such as a
uniaxial extruder or biaxial extruder, or a conventionally
known kneader such as a pressure kneader may be used.
[0415] Film-forming methods include known forming
methods such as a solution casting method, a melting extru-
sion method, a calendar method, and a pressing forming
method. Among these, a solution casting method and a melt-
ing extrusion method are preferred. At this time, as described
above, a thermoplastic resin composition which is extruded
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and kneaded in advance may be used; and a lactone ring-
containing polymer, other thermoplastic resins, and other
additives may be dissolved separately in solution to form a
homogeneous mixed liquid and used with a film forming
method such as a solution casting method and a melting
extrusion method.

[0416] A solvent used in the solution casting method
includes chlorine solvent such as chloroform and dichlo-
romethane; aromatic solvents such as toluene, xylene, ben-
zene, and a mixed solvent thereof; alcohol solvents, such as
methanol, ethanol, isopropanol, n-butanol, and 2-butanol;
methyl cellosolve, ethyl cellosolve, butyl cellosolve, dimeth-
ylformamide, dimethyl sulfoxide, dioxane, cyclohexanone,
tetrahydrofuran, acetone, methyl ethyl ketone (MEK), ethyl
acetate, and diethyl ether are exemplified. These solvents may
be used by one kind alone or two or more kinds may be used
in combination.

[0417] As the apparatus for performing the solution casting
method, for example, a drum type casting machine, a band
type casting machine, and a spin coater or the like are exem-
plified.

[0418] As the meltextrusion method, a T die method and an
inflation method are exemplified, and a film-forming tem-
perature at that time is preferably from 150 to 350° C., and
more preferably from 200t0 300° C. When a film is formed by
the T die method, the T die is attached to the tip of a known
uniaxial extruder or biaxial extruder, and a film extruded in a
film shape is wound to obtain a film in the form of a roll. At
this time, a uniaxial stretching process is also possible by
arbitrarily adjusting the temperature of the winding roll and
stretching is applied in the extruding direction. Further, pro-
cesses such as successive biaxial stretching and simultaneous
biaxial stretching can be added by adopting a process of
stretching a film in a direction perpendicular to the extruding
direction.

[0419] Itis preferred thatan optical film in the embodiment
is stretched for retardation development. In this case, the film
may be a uniaxially stretched film or a biaxially stretched
film. In the case of forming a biaxially stretched film, the film
may be a simultaneously biaxially stretched film or a succes-
sively biaxially stretched film. In the case of biaxial stretch-
ing, mechanical strength and film performances are height-
ened. By blending other thermoplastic resins, the optical film
in the invention can restrain an increase in phase difference
even when the film is stretched, and optical isotropy can be
maintained.

[0420] Further, it is preferred that the optically anisotropic
layer containing a lactone ring-containing polymer in the
embodiment is stretched to at least one direction. Accordingly
phase difference may be provided. It is preferred that the
stretch ratio in stretching is 1.3 to S times (corresponding to
stretch ratio of 30% to 400%). Accordingly, a particularly
desirable phase difference can be obtained.

[0421] Liquid Crystal Display

[0422] The optically compensatory sheet and the polariz-
ing plate in the embodiment can be used in liquid crystal
displays of various modes. They can be used in liquid crystal
displays of any of transmission type, reflection type and semi-
transmission type.

EXAMPLES

[0423] The invention will be described more specifically
with reference to examples and comparative examples below.
Various changes and modifications can be made in the mate-
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rials, use amounts, proportions, treatment contents, and treat-
ment procedures or the like in the following examples without
departing from the spirit of the invention. Accordingly, the
scope of the invention should not be construed to be restricted
to the specific examples shown below.

[0424] Theoutline ofthe constitution of an Examples of the
liquid crystal display in Embodiments 1-1 and 1-2 of the
invention is shown in FIG. 3. A VA (vertical alignment) liquid
crystal display shown in FIG. 3 has a liquid crystal cell includ-
ing a pair of substrates 105 and 107 arranged in the counter
positions having an electrode at least on one side, and liquid
crystal layer 106 containing liquid crystal molecules and
placed between the substrates, a pair of polarizing plates
having polarizing films 102 and 110 arranged with the liquid
crystal layer therebetween, and protective films 101 and 111
provided on at least one side of the polarizing film. The liquid
crystal display may have optically anisotropic layers 104 and
108 between the liquid crystal layer and at least one of the pair
of polarizing plates. The liquid crystal molecules in the liquid
crystal layer 106 are vertically oriented to the substrate sur-
face when voltage is not applied, that is, when displaying
black, and when voltage is applied, the liquid crystal mol-
ecules incline, and transmittance increases.

[0425] FIG. 4 represents the outline of the cross sectional
view of FIG. 3. A layer structure of Examples and Compara-
tive Examples described below is in accordance with FIG. 4.
Further, FIG. 4, and FIGS. 5 to 7 described below show a
surface layer (surface FILM) on the outer protective film of
upper polarizing plate 101, but this represents one embodi-
ment of the film laminator in the invention. The surface layer
(surface FILM) does not need to be provided, and in practice
such a surface layer (surface FILM) is not provided in
Fxamples and Comparative Examples. The layer was mea-
sured by an Ellipsometer and the thickness of the outer pro-
tective film of the upper and lower polarizing plates (corre-
sponding to members 101 and 111) was 80 um, the thickness
of the polarizing film of the upper and lower polarizing plates
(corresponding to members 102 and 110) was 25 um, the
thickness of a support (corresponding to members 103 and
109) was 80 um, and the thickness of the upper and lower
optically anisotropic layers (corresponding to members 104
and 108) was 80 pm.

[0426] About Each Layer in Examples and Comparative
Examples
[0427] (1) Lactone Film as an Outer Protective Film of

Upper and Lower Polarizing Plates (a Film Containing a
Thermoplastic Resin Composition Containing a Ring-Con-
taining Polymer) (Used in Examples 1-1 to 1-4 and Compara-
tive Examples 1-6 to 1-8 Described Below)

[0428] A lactone ring-containing polymer pellet was
obtained according to the synthesis method described in
[0230] to [0232] of WO 2006/025445A1. Subsequently, this
pellet was melted and extruded from a coating hanger type T
die having a width of 200 mm by a biaxial extruder having a
20 mm ¢ screw, to prepare a lactone film (thickness of 80 um)
as the outer protective film of the upper and lower polarizing
plates.

[0429] (2) Lactone Film as Support (Used in Examples and
Comparative Examples 1-2, 1-3, 1-5 to 1-8, Examples 2-1 to
2-3 and Comparative Examples 3-1 to 3-3 Described Below)
[0430] A lactone film (thickness of 80 um) was produced as
a support similarly to the preparation method of the lactone
film as the outer protective film of upper and lower polarizing
plates described above.

Sep. 2,2010

[0431] (3) TAC Film as Outer Protective Film of Upper and
Lower Polarizing Plates (Used in Examples 1-1 to 1-3, Com-
parative Examples 1-1 to 1-3, Comparative Examples 1-5 to
1-8, Examples 2-1 to 2-3, Comparative Examples 2-1 to 2-3,
Examples 3-1 to 3-3, and Comparative Examples 3-1 to 3-3
Described Below)

[0432] Fujitec TDSOUL (manufactured by Fujifilm Corpo-
ration) (thickness of 80 um) was used.

[0433] (4) TAC Film as Support (Used in Examples 1-1 to
1-4, Example 1-6, Comparative Examples 1-1 to 1-4, Com-
parative Examples 1-6 and 1-7, Examples 2-1 and 2-2, Com-
parative Examples 2-1 to 2-3, Examples 3-1 and 3-2, and
Comparative Examples 3-1 to 3-3 Described Below)

[0434] Fujitec TD8OUL (Fyjifilm Corporation) (thickness
of 80 um) was used.

[0435] (5) TAC Film as the Optically Anisotropic Layer
(Usedin Examples 1-1 to 1-8, and Comparative Examples 1-1
to 1-8 Described Below)

[0436] Cellulose acetate film (thickness of 80 um) was used
which was prepared according to [0039] to [0043] of JP-A
2001-249223.

[0437] (6) Coating Layer as Optically Anisotropic Layer
(Usedin Examples 2-1 to 2-3, and Comparative Examples 2-1
to 2-3 Described Below)

[0438] A layer hardened by light radiation to a liquid crys-
tal solution (SE-1) was used as the coating layer which was
manufactured according to [0085] (Example 2) of JP-A
6-214116.

[0439] (7) Polyimide Layer as Optically Anisotropic Layer
(Usedin Examples 2-1 to 2-3, and Comparative Examples 2-1
to 2-3 Described Below)

[0440] A polyimide layer was used which was manufac-
tured according to [0087] (Example 1) of JP-A 2005-208676.

[0441] Production Method of Optically Compensatory
Sheet
[0442] In Examples 1-1 to 1-8 and Comparative Examples

1-1 to 1-8, an optically compensatory sheet was obtained by
sticking a film for an optically anisotropic layer on a support
with a 3% aqueous polyvinyl alcohol solution (PVA-117H,
manufactured by Kurary Co., Ltd.) as an adhesive.

[0443] In Examples 2-1 to 2-3, an optically compensatory
sheet which was provided with a coating layer as the optically
anisotropic layer on a lactone film as the support was obtained
by replacing the polyethylene terephthalate film which is the
support according to [0085] (Example 2) of IP-A 6-214116
with a lactone film as the support manufactured as described
above.

[0444] In Comparative Examples 2-1 to 2-3, an optically
compensatory sheet which was provided with a coating layer
as an optically anisotropic layer on a TAC film as a support
was obtained by replacing the polyethylene terephthalate film
which is the support according to [0085] (Example 2) of JP-A
6-214116 with a TAC film as the support.

[0445] In Examples 3-1 to 3-3, an optically compensatory
sheet which was provided with a polyimide layer as an opti-
cally anisotropic layer on a lactone film as a support was
obtained by replacing a TAC film which is the support accord-
ing to [0087] (Example 1) of JP-A 2005-208676 with a lac-
tone film as the support manufactured as described above.
[0446] In Comparative Examples 3-1 to 3-3, an optically
compensatory sheet which was provided with a polyimide
layer as an optically anisotropic layer on a TAC film as the
support was obtained by replacing TAC film (UZ-TAC;
manufactured by Fujifilm Corporation) which is the support
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according to [0087] (Example 1) of JP-A 2005-208676 with
aTAC film (Fujitec TD8OUL; manufactured by Fujifilm Cor-
poration) as the support.

[0447] Production Method of Polarizing Plate

[0448] The outer protective film of the polarizing plate
manufactured as described above and the surface of a support
side of an optically compensatory sheet were subjected to
alkaline saponification treatment, respectively. Further, with
relation to “the support (simply referred to as the support)
where an optically anisotropic layer is not provided” used in
Examples 2-1 and 2-2, Comparative Examples 2-1 and 2-2
(refer to FIG. 6), Examples 3-1 and 3-2, and Comparative
Examples 3-1 and 3-2 (refer to FIG. 7), the support was
subjected to alkaline saponification treatment.

[0449] More specifically, the protective film/optically com-
pensatory sheet/support were dipped in 1.5N aqueous sodium
hydroxide solution for 2 minutes at 55° C., subsequently,
were washed in a water bath at room temperature, and then
were neutralized with 0.1N sulfuric acid at 30° C. Subse-
quently, they were washed again in a water bath at room
temperature, and further were dried with warm air at 100° C.
[0450] On the other hand, a polyvinyl alcohol film in the
form of a roll having a thickness of 80 pum was consecutively
stretched to be 5 times in aqueous iodine solution, and was
dried to obtain a polarizing film with a thickness of 20 pm.
[0451] A polarizing plate was manufactured by placing a
polarizing film between the outer protective film of polarizing
plate which was subjected to alkaline saponification treat-
ment, and an optically compensatory sheet or a support which
was subjected to alkaline saponification treatment such that
these saponified surfaces are on a polarizing film side, and by
sticking using 3% aqueous polyvinyl alcohol (PVA-117H,
manufactured by Kurary Co., Ltd.) solution as an adhesive.
[0452] Evaluation of Optical Characteristics

[0453] The values of Re and Rth in Examples 2-1 to 2-3,
Comparative Examples 2-1 to 2-3, Examples 3-1 to 3-3, and
Comparative Examples 3-1 to 3-3 described below were mea-
sured by a standard mode of phase difference measurement
with an automatic double refractometer (KOBRA 21ADH,
manufactured by Oji Scientific Instruments). Rth was com-
puted with the average refractive index of 1.48.

[0454] Re and Rth of the manufactured optically compen-
satory sheet (optically compensatory sheet where optically
anisotropic layers 104 and 108 were provided with supports
103 and 109) are measured excluding 25 mm from both ends
with an interval of 10 mm in the width direction and an
interval of 10 mm in the longitudinal direction of 1,000 mm,
and an average value was computed. As a result, Re and Rth
of the support in the optically compensatory sheet used in
Examples 2-1 to 2-3 were 3 nm and 52 nm respectively. Re
and Rth of the support in the optically compensatory sheet
used in Examples 3-1 to 3-3 were 3 nm and 52 nm respec-
tively. On the other hand, Re and Rth of the support in the
optically compensatory sheet used in Comparative Examples
2-1to 2-3 were 3 nm and 52 nm. Re and Rth of the support in
the optically compensatory sheet used in Comparative
Examples 3-1 to 3-3 were 3 nm and 52 nm.

[0455] Evaluation of Display Characteristics

[0456] With respect to a manufactured liquid crystal dis-
play, luminance of omni-directional angle of visibility during
black display and white display was measured with EZ-Con-
trast 160D, manufactured by ELDIM). Front contrast (Front
CR) is a value obtained by dividing white luminance in the
vertical direction of a liquid crystal display by black lumi-
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nance. Further, Table 1-1 shows the values of black luminance
in each of Examples and each of Comparative Examples.
[0457] Humidity Dependency of Display Performance
[0458] After leaving the manufactured liquid crystal dis-
play in an atmosphere of 25° C. 60% RH for 72 hours, black
luminance was measured by EZ-Contrast 160D.

[0459] Subsequently, after leaving the manufactured liquid
crystal display in an atmosphere of 25° C. 10% RH for 72
hours, black luminance was measured by EZ-Contrast 160D.
[0460] Black luminance change ratio in the measurement in
the atmosphere of 25° C. 10% RH was calculated on the basis
of black luminance in the measurement in the atmosphere of
25° C./60% RH to evaluate the change of display perfor-
mance depending upon humidity.

[0461] More specifically, the change of display perfor-
mance depending upon humidity was calculated by the fol-
lowing formula to obtain the change ratio, and was evaluated
according to the following criteria.

[0462] “change (%)”=(“black luminance of the liquid crys-
tal display left in the atmosphere of 25° C. 10% RH for 72
hours™/“black luminance of the liquid crystal display left in
the atmosphere of 25° C. 60% RH for 72 hours”-1)x100

*: less than 10%

©: 10% or more and less than 20%

0: 20% or more and less than 25%

A: 25% or more and less than 30%

X: 30% or more

Examples 1-1 to 1-8

[0463] The layer construction of the liquid crystal display
in which a lactone film was used on the nearest side to light
source when viewed from the liquid crystal cell is shown in
FIG.5. ATAC filmis used in every optically anisotropic layer.
[0464] The polarizing plate and optically compensatory
sheet of the front and rear side of the panel of a VA mode
liquid crystal TV (LC30-AD1, manufactured by Sharp Cor-
poration) were peeled off, and manufactured polarizing plates
were stuck so that the transmission axis of the polarizing plate
was in vertical direction to the screen on the visual check side,
and the transmission axis of the polarizing plate is in a hori-
zontal direction to the screen on the light source side.

Comparative Examples 1-1 to 1-8

[0465] The layer construction of the liquid crystal display
in which a TAC film was used on the light source side of the
polarizing plate is shown in FIG. 5. A TAC film is used in
every optically anisotropic layer. In the same manner as in
Example 1, the polarizing plates were stuck on the VA liquid
crystal panel.

Examples 2-1 to 2-3

[0466] The layer construction of the liquid crystal display
using, on at least one side of the display surface side and the
light source side, a film provided with a coating layer as the
optically anisotropic layer on the lactone film is shown in
FIG. 6. In the same manner as in Example 1, the polarizing
plates were stuck on the VA liquid crystal panel.

Comparative Examples 2-1 to 2-3

[0467] The layer construction of the liquid crystal display
using, on at least one side of the display surface side and the
light source side, a film provided with a coating layer as the
optically anisotropic layer on the TAC film is shown in FIG.
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6. In the same manner as in Example 1, the polarizing plates
were stuck on the VA liquid crystal panel.

Examples 2-1 to 2-3

[0468] The layer construction of the liquid crystal display
using, on at least one side of the display surface side and the
light source side, a film provided with a layer containing
polyimide as the optically anisotropic layer on the lactone
film is shown in FIG. 7. In the same manner as in Example 1,
the polarizing plates were stuck on the VA liquid crystal
panel.

Comparative Examples 2-1 to 2-3

[0469] The layer construction of the liquid crystal display
using, on at least one side of the display surface side and the
light source side, a film provided with a layer containing
polyimide as the optically anisotropic layer on the TAC film is

72

Sep. 2,2010

shown in FIG. 7. In the same manner as in Example 1, the
polarizing plates were stuck on the VA liquid crystal panel.

[0470]

[0471] The liquid crystal display in which more lactone
films are used in the polarizing plate on the light source side
of liquid crystal cell is high in front contrast, and the differ-
ence in display performance in the atmosphere 0f 25° C. 10%
RH and in the atmosphere of 25° C. 60% RH is small, so that
it can be seen that this case is superior to the case where the
comparative film is used. Further, in Table 1-1, “outer side”,
“inner side”, and “optically anisotropic layer” on the light
source side correspond to member 111, member 109, and
member 108 of FIGS. 4 and 5 respectively; and “outer side”,
“inner side”, and “optically anisotropic layer” in the display
surface correspond to member 101, member 103, and mem-
ber 104, respectively. Further, in Table, “-” means that a
member corresponding to - has not been provided.

The above results are shown in Table 1-1.

TABLE 1-1

Laver Construction in Liquid Crystal Display

Variation of

Light Source Side Display Surface Side Display
Optically Optically Performance
Outer  Inner  Anisotropic  Anisotropic Inner  Outer Black due to Front
Side Side Layer Layer Side Side Luminance Change Humidity = CR
Example 1-1 Lactone TAC TAC TAC TAC TAC 0.55 22% O 655
Example 1-2 Lactone Lactone TAC TAC TAC TAC 0.51 13% [C] 706
Example 1-3 Lactone TAC TAC TAC Lactone TAC 0.52 16% [C] 692
Example 1-4 Lactone TAC TAC TAC TAC Lactone 0.54 20% O 667
Example 1-5 Lactone Lactone TAC TAC Lactone TAC 0.4% 7% * 750
Example 1-6 Lactone Lactone TAC TAC TAC Lactone 0.50 11% [C] 720
Example 1-7 Lactone TAC TAC TAC Lactone Lactone 0.51 13% [C] 706
Example 1-8 Lactone Lactone TAC TAC Lactone Lactone 0.47 4% * 766
Comparative  TAC TAC TAC TAC TAC TAC 0.60 33% X 600
Example 1-1
Comparative TAC Lactone TAC TAC TAC TAC 0.56 24% O 643
Example 1-2
Comparative TAC TAC TAC TAC Lactone TAC 0.57 27% A 632
Example 1-3
Comparative TAC TAC TAC TAC TAC Lactone 0.59 31% X 610
Example 1-4
Comparative TAC Lactone TAC TAC Lactone TAC 0.53 18% [C] 679
Example 1-5
Comparative TAC Lactone TAC TAC TAC Lactone 0.55 22% O 655
Example 1-6
Comparative TAC TAC TAC TAC Lactone Lactone 0.56 24% O 643
Example 1-7
Comparative TAC Lactone TAC TAC Lactone Lactone 0.52 16% [C] 692
Example 1-8
Example 2-1 TAC Lactone Coating — TAC TAC 0.57 27% A 632
Layer
Example 2-2 TAC TAC — Coating Lactone TAC 0.58 29% A 621
layer
Example 2-3 TAC Lactone Coating Coating Lactone TAC 0.54 20% O 667
layer layer
Comparative TAC TAC Coating — TAC TAC 0.61 36% X 590
Example 2-1 layer
Comparative TAC TAC — Coating TAC TAC 0.61 36% X 590
Example 2-2 layer
Comparative TAC TAC Coating Coating TAC TAC 0.62 38% X 581
Example 2-3 layer layer
Example 3-1 TAC Lactone Polyimide — TAC TAC 0.57 27% A 632
layer
Example 3-2 TAC TAC — Polyimide Lactone TAC 0.58 29% 621
layer
Example 3-3 TAC Lactone Polyimide Polyimide Lactone TAC 0.54 20% O 687
layer layer
Comparative TAC TAC Polyimide — TAC TAC 0.61 36% X 590
Example 3-1 layer
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TABLE 1-1-continued

Layer Construction in Liquid Crystal Display

Variation of

Light Source Side Display Surface Side Display
Optically Optically Performance

Outer  Inner  Anisotropic  Anisotropic Inner  Outer Black due to Front

Side Side Layer Layer Side Side Luminance Change Humidity CR
Comparative TAC TAC — Polyimide TAC TAC 0.61 36% X 590
Example 3-2 layer
Comparative TAC TAC Polyimide  Polyimide  TAC TAC 0.62 38% X 581
Example 3-3 layer layer
[0472] Examples corresponding to Embodiments 2-1 and by mass) on the basis of 100 parts by mass of the lactone

2-2 of the invention are described below.
[0473] Lactone Ring-Containing Polymer
[0474] A lactone ring-containing polymer was obtained

according to the synthesis method as described in [0230] to
[0232] of WO 2006/025445A1.

[0475] Manufacture of Optically Compensatory Sheet of
Examples 101 to 109

[0476] Each of the components was mixed so as to have the
ratio described in Table 2-1, and to prepare a lactone solution.
The values of the triphenyl phosphate, biphenyl phosphate,
and retardation developer of Table 2-1 are values (unit: parts

ring-containing polymer. These solvents were each mixed
with 430 parts by mass of methylene chloride and 64 parts by
mass of methanol. These prepared lactone solutions were cast
with a band casting machine, following by peeling of the
obtained web from a band, then stretching with the stretch
ratio described in Table 2-1 in the TD direction under the
condition of 120° C. and dried to manufacture the optical
compensation films 101 to 109 as the optically anisotropic
layers each having thickness and Re(550)/Rth(550) described
in Table 2-1. Retardation developers described in Table 2-1
each had the materials represented by the following structure
formula, and were the same as in Table 2-2.

TABLE 2-1

Preparation ratio and optical characteristic of optical compensatory films 101 to 109

Film No. 101 102 103 104 105 106 107 108 109
Triphenyl phosphate 7 35 5 5 5 7 3 3 3
Bipheny! phosphate 5 24 24 2.4 24 5 2 2 2

Retardation developer 1 9 — — — — 5 — — —
Retardation developer 2 — 10 7.2 6 4.3 — 2.6 24 2.2
Retardation developer 3 — 8 6 5 3.6 — 8 7.2 6.6
Strech ratio (%) 30 30 35 45 60 30 30 35 40
Film thickness (um) 80 50 30 50 50 35 35 55 55
Re(550)/Rth(550) (nm)  55/200  80/170 100/125 125/100 150/75 45/125 50/120 60/110  70/100
I )&
H;C N N N CH;
\f \(
N\( N
NH
OCH;

Retardation developer 1
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Preparation ratio and optical characteristic of optical compensatory films 101 to 109

Film No. 101 102 103 104 105

106

107 108 109

NC

R= _C2H5

Retardation developer 2

Glls

GHs
,,,1 ‘/
(6] [0}

Retardation developer 3

[0477] Manufacture of Optically Compensatory Sheet of
Comparative Examples 201 to 208

[0478] Each of the components was mixed so as to have the
ratio described in Table 2-2, and to prepare a lactone solution.
The values of the triphenyl phosphate, biphenyl phosphate,
and retardation developer of Table 2-2 are values (unit: parts
by mass) on the basis of 100 parts by mass of the lactone
ring-containing polymer. These solvents were each mixed
with 430 parts by mass of methylene chloride and 64 parts by
mass of methanol. This prepared lactone solution was cast
with a band casting machine, following by peeling of the
obtained web from the band, then stretching with the stretch
ratio described in Table 2-2 in the TD direction under the
condition of 120° C. and dried to manufacture optical com-
pensation films 201 to 208 as the optically anisotropic layers
each having thicknesses and Re(550)/Rth(550) described in
Table 2-2.

OH

[0479] Manufacture of Optically Compensatory Film of
Comparative Examples 209 and 210

[0480] Each of the components was mixed so as to have the
ratio described in Table 2-2 and to prepare a cellulose acylate
solution. The values of the triphenyl phosphate, biphenyl
phosphate, and retardation developer of Table 2-2 are values
(unit: parts by mass) on the basis of 100 parts by mass of the
cellulose acylate. These solvents were each mixed with 430
parts by mass of methylene chloride and 64 parts by mass of
methanol. These prepared cellulose acylate solutions were
cast with a band casting machine, following by peeling of the
obtained web from the band, then stretching with stretch ratio
described in Table 2 in the TD direction under the condition of
120° C. and dried to manufacture the optical compensation
films 209 to 210 as the optically anisotropic layers each
having thicknesses and Re(550)/Rth(550) described in Table
2-2.

TABLE 2-2

Prepararion ratio and optical characteristic of optical compensatory films 201 to 210

Film No. 201 202 203 204 205 206 207 208 209 210
Cellulose acylate — — — — — — — — 2.92 2.86
acetyl substitution

degree (209, 210)

Triphenyl phosphate 7 5 7 5 7 3 7 5 3 3
Biphenyl phosphate 5 2.4 5 2.4 5 2 5 24 2 2
Retardation 5.8 — 135 — 5 — 5.8 — — —
developer 1

Retardation — 35 — 7.2 — 2.4 — 4.9 60 2

developer 2
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Preparation ratio and optical characteristic of optical compensatory films 201 to 210

Film No. 201 202 203 204 205 206 207 208 209 210
Retardation — 2.8 — 6 — 7.2 — 3.7 5 6
developer 3

Strech ratio (%) 15 10 55 35 30 50 15 8 20 20
Film thickness (um) 80 50 80 140 75 55 105 50 50 55

Re(550)/Rth(550) (nm)

30/130  30/60 100/300 280/350 60/170 90/110 40/160 25/80 100/125 60/110

[0481] Manufacture of Polarizing Plates 101 to 109 of
Examples and Polarizing Plates 201 to 210 of Comparative
Examples

[0482]
above as a support was subjected to alkaline saponification

The optically compensatory film manufactured

treatment. More specifically, these optically compensatory
films were dipped in 1.5N aqueous sodium hydroxide solu-
tion for 2 minutes at 55° C., were subsequently washed in a
water bath at room temperature, and were neutralized with
0.1N sulfuric acid at 30° C. Subsequently, they were washed
again in a water bath at room temperature, and further were
dried with warm air at 100° C.

[0483] On the other hand, polyvinyl alcohol film in the
form of a roll having a thickness of 80 um consecutively was
stretched 5 times in aqueous iodine solution, and was dried to
obtain a polarizing film with a thickness of 20 pm.

[0484] Each of the optically compensatory films which
were subjected to alkaline saponification treatment as
described above, and Fujitec TD8OUL (Fujifilm Corporation)
which was subjected to alkaline saponification treatment as
described above, was prepared. Polarizing plates 101 to 109
and polarizing plates 201 to 210 were each manufactured by
placing a polarizing film therebetween, such that these
saponified surfaces were on a polarizing film side, and by
sticking with 3% aqueous polyvinyl alcohol (PVA-117H,
manufactured by Kurary Co., Ltd.) solution as an adhesive so
that each film and TD80UL were a protective film of the
polarizing film.

[0485] Manufacture of LCDs 101 to 109 of the Invention
and LCDs 201 to 210 of Comparative Examples

[0486] VA mode liquid crystal displays 101 to 109 and 201
to 210 were each manufactured by peeling a polarizing plate
and an optically anisotropic layer which had been disposed on
a front surface and a rear surface of commercial VA liquid
crystal TV (LC42RX1W, manufactured by Sharp Corpora-
tion), and by sticking each of the manufactured polarizing
plates to the liquid crystal cell such that the protective film
was outer side, using each of the two manufactured polarizing
plates. When the polarizing plates were disposed, the absorp-
tion axis of the polarizing plate was stuck to the horizontal
direction of the screen on the visible side and the absorption
axis of the polarizing plate in backlight side was stuck to
vertical direction of the screen.

[0487] Black display performance, and humidity depen-
dency of black display performance (change in black display
performance)

[0488]
[0489] After a manufactured VA mode liquid crystal dis-
play was left in an atmosphere 0f25° C. 60% RH for 72 hours
(corresponding to “initial performance” of Table 2-3), the

Black Display Performance

liquid crystal display was used for black display, the display
performance of front and inclination direction (polar angle of
60°, azimuth of 0 to 360° (every 5°)) was measured by
BM-5A (manufactured by Topcon Corporation) to calculate
luminance in inclination direction, and the angle where the
front and inclined black tint change Au'v' is maximum. As the
judgment criteria, the display may be acceptable when the
performance are equal to or less commercial product (black
tint change (Au'v"):0.06 or less, the leakage of black lumi-
nance at inclination direction: 3[cd/m?] or less), and the dis-
play may not be acceptable when any one of these two is not
satisfied.

[0490] The black tint change Au’v' was calculated on the
basis of the following formula.

Au'v'=Y((u'inclination-u'front)’+(v'inclination—
v'fiont)?)

[0491]
nation)” represents tint (CIE1976 u'v' chromaticity diagram)

Wherein, “u' front (inclination)” and “v' front (incli-

in front (inclination) direction respectively.

[0492] O: Both change in black tint and leakage of black
luminance may be acceptable.

[0493] x: Either one of Change in black tint or leakage of
black luminance may not be acceptable.

[0494]
[0495] Subsequently. after leaving a VA type liquid crystal
display was left in an atmosphere of 25° C. 10% RH for 72
hours (corresponding to “after change” of Table 2-3), black
display performance was confirmed, and whether there is
change in display performance due to humidity or not was
confirmed on the basis of the criteria as described above.
[0496] O: Change in black tint and leakage of black lumi-
nance may be acceptable.

[0497] x: Change in black tint or leakage of black lumi-
nance may not be acceptable.

[0498]
results, it has been found that the liquid crystal display using
the lactone film of the invention as the optically compensa-
tory film has a good black display performance, has stable
performance without regard to humidity, and 1s superior com-
pared with the film of Comparative Examples.

Change in Black Display Performance

These results are shown in Table 2-3. From these
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Black display performance and change in black display performance according to humidity

Initial performance

After the change (after leaving
the liquid crystal display at
25° C. 10% RH for 72 hours)

Leakage of black Leakage of black
Change in ~ Ting change at luminance at  Tintchangat  bluminance at

Black display  black display  inlicnation inclination inclination inclunation

performance  perfomenace direction direction direction direction
Example 101 O O 0.05 2.8 0.053 2.7
Example 102 O O 0.03 1.8 0.04 2
Example 103 O O 0.02 15 0.03 1.6
Example 104 O O 0.04 1.8 0.045 1.7
Example 105 O O 0.05 25 0.04 2.5
Example 106 O O 0.04 2.8 0.045 3
Example 107 O O 0.04 2 0.04 2.2
Example 108 O O 0.03 15 0.035 1.8
Example 109 O O 0.04 2 0.04 23
Comparative X O 0.04 5.5 0.03 5.8
example 201
Comparative X O 0.06 7.2 0.07 7.4
example 202
Comparative X O 0.02 9.3 0.02 9.1
example 203
Comparative X O 0.02 15 0.02 14.5
example 204
Comparative X O 0.07 4.1 0.08 4.6
example 205
Compatrative X O 0.05 5 0.05 4.7
example 206
Compatrative X O 0.03 55 0.04 5.8
example 207
Compatrative X O 0.04 6.2 0.04 6.5
example 208
Comparative X 0.02 14 0.04 3
example 209
Compatrative O X 0.03 1.6 0.05 3.5
example 210

INDUSTRIAL APPLICABILITY a light source,

. . . ) a liquid crystal cell that comprises a pair of substrates and

[0499] According to an embodiment of the invention, a

liquid crystal display that has little atmosphere dependency
regarding optical performance, in particular, little humidity
dependency, excellent front contrast, and further excellent
durability, is provided.

[0500] Further, according to another embodiment of the
invention, images of high contrast may be displayed at a wide
viewing angle, and the VA mode liquid crystal display where
color shift (tint changes when viewed from inclination direc-
tion) is reduced may be provided. Further, according to this
embodiment, the liquid crystal displays of the invention may
be produced by a simple method.

[0501] The invention has been described in detail or by
referring to specific embodiments, but it is obvious to those
skilled in the art that various modifications and alternations
can be made to the invention without departing from the spirit
or scope of the present invention.

[0502] The present application is based on Japanese Patent
Application Nos. 2007-256819 and 2007-256885 filed Sep.
28,2007 and Japanese Patent Application No. 2008-245034
filed Sep. 24, 2008, the contents of which are incorporated
herein by reference.

1. A VA (vertical alignment) liquid crystal display com-
prising at least:

a liquid crystal layer being placed between the sub-
strates, and

a film that contains a thermoplastic resin composition con-
taining a lactone ring-containing polymet,

wherein the film is arranged on the nearer side to the light
source of the liquid crystal cell.

2. A VA (vertical alignment) liquid crystal display com-

prising at least:

a film that contains a thermoplastic resin composition con-
taining a lactone ring-containing polymer, wherein each
of in-plane retardation (Re) and retardation in a thick-
ness direction (Rth) of the film is 10 nm or less, and

an optically anisotropic layer on the film.

3. The VA (vertical alignment) liquid crystal display as
claimed in claim 2, wherein the optically anisotropic layer is
formed by applying a liquefied polymer on the film.

4. The VA (vertical alignment) liquid crystal display as
claimed in claim 2, wherein the optically anisotropic layer
contains polyimide.

5. A VA (vertical alignment) liquid crystal display com-
prising:

a liquid crystal cell,

two polarizing plates disposed outside the liquid crystal
cell, and
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an optically anisotropic layer disposed at either of two
spaces between the liquid crystal cell and two polarizing
plates,

wherein the optically anisotropic layer contains a lactone
ring-containing polymer, and in-plane retardation Re
and retardation in a thickness direction Rth of the opti-
cally anisotropic layer satisfy the following formulae
(A) and (B),

40 nm=Re(550)=275 nm A)

0 nm=Rth(550)=275 nm (B)

wherein Re(550) and Rth(550) represent in-plane retarda-
tion (nm) and retardation (nm) in a thickness direction at
the wavelength of 550 (nm).

6. A VA (vertical alignment) liquid crystal display com-

prising:

aliquid crystal cell,

two polarizing plates disposed outside the liquid crystal
cell, and

optically anisotropic layers disposed at both of two spaces
between the liquid crystal cell and two polarizing plates,

wherein the optically anisotropic layers contain a lactone
ring-containing polymer, and in-plane retardation Re
and retardation in a thickness direction Rth of the opti-
cally anisotropic layers satisfy the following formulae
(©) and (D),

30 nm=Re(550)=<80 nm ©

75 im=Rth(550)=155 nm. D)

7. The VA (vertical alignment) liquid crystal display as
claimed in claim 5,
wherein the optically anisotropic layer containing the lac-
tone ring-containing polymer contains at least one kind
of retardation developer.
8. The VA (vertical alignment) liquid crystal display as
claimed in claim 7,
wherein the retardation developer is a compound repre-
sented by the following formula (I):

Formula ()

wherein

X! represents a single bond, —NR*—, —O—or S—,
X? represents a single bond, —NR>—, —O— or S—,
X? represents a single bond, —NR°*— —O—or S—,

Sep. 2,2010

RY, R? and R? each independently represents an alkyl
group, an alkenyl group, an aromatic group, or a hetero-
cyclic group, and

R* R’ and R® each independently represents a hydrogen
atom, an alkyl group, an alkenyl group, an aryl group or
a heterocyclic group.

9. The VA (vertical alignment) liquid crystal display as

claimed in claim 7,

wherein the retardation developer is a compound repre-

sented by the following formula (II):

Formula (IT)

wherein

L' and L? each independently represents a single bond, or
a divalent connecting group,

A" and A? each independently represents a group selected
from the group consisting of —O—, —NR— (R repre-
sents a hydrogen atom or a substituent), —S— and
—CO—,

R', R? and R? each independently represents a substituent,

X represents an atom of 6th group, 5th group, or 4th group,
and

n represents an integer of from 0 to 2.

10. The VA (vertical alignment) liquid crystal display as

claimed in claim 7, wherein the retardation developer is a
compound represented by the following formula (I11):

Arl 12 X123 AP Formula (I11)

wherein

Ar' and Ar® each independently represents an aromatic
group,

L? and L* each independently represents a divalent con-
necting group selected from —O—CO— or CO—O—
group, and

X represents a 1,4-cyclohexylene group, a vinylene group,
or an ethynylene group.

11. The VA (vertical alignment) liquid crystal display as
claimed in claim 5, wherein the optically anisotropic layer
including the lactone ring-containing polymer is stretched in
at least one direction.

12. The VA (vertical alignment) liquid crystal display as
claimed inclaim 11, wherein astretch ratio during the stretch-
ing is 1.3 to 5 times.
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