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An optical compensation film capable of contributing to
improvement in a viewing angle characteristic of a liquid
crystal display device, especially an IPS mode liquid crystal
display device is proposed. A composition comprises at least
one onium salt, at least one rod-like liquid crystalline com-
pound, and at least one additive capable of promoting a ver-
tical alignment of molecules of the rod-like liquid crystalline
compound at an air interface; and an optical compensation
film comprising an optically anisotropic layer formed of the
composition are disclosed.
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LIQUID CRYSTAL COMPOSITION, OPTICAL
COMPENSATION FILM AND LIQUID
CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to a liquid crystal dis-
play device, and, in particular, to a liquid crystal display
device, employing in-plane switching mode, which displays
under being applied an electric field of the transversal direc-
tion to liquid crystal molecules to be aligned in the horizontal
direction. Also, the invention relates to an optical compensa-
tion film capable of contributing to increasing a viewing angle
of a liquid crystal display device, and a liquid crystal compo-
sition which is useful for the preparation of the film.

BACKGROUND ART

[0002] A liquid crystal display employing a mode in which
a liquid crystal layer having a twisted nematic liquid crystal
therein is interposed between two sheets of polarizing plates
orthogonal to each other and an electric field is applied in the
vertical direction to a substrate, a so-called TN mode, has
been widely known. According to this mode, since the liquid
crystal rises up against the substrate in a black state, when
observed obliquely, birefringence due to the liquid crystal
molecule is generated so that light leakage generates. In order
to solve this problem, a mode for preventing this light leakage
by using a film comprising liquid crystalline molecules
hybrid aligned therein to optically compensate aliquid crystal
cell is put into practical use. However, even by using such a
film, it is very difficult to completely optically compensate the
liquid crystal cell without causing any problem, thereby caus-
ing a problem that grayscale inversion in the lower direction
of the screen cannot be entirely suppressed.

[0003] For the purpose of solving such a problem, there
have been proposed and put into practical use a liquid crystal
display device employing a so-called in-plane switching
(IPS) mode, in which the transversal field are applied to
liquid-crystal molecules; a so-called fringe field switching
(FFS) mode; or a vertically aligned (VA) mode, having multi
domains divided by projections formed in a panel or slit
electrodes. Recently, such liquid-crystal displays have been
developed as a panel employed not only in monitors but also
in TV, and the brightness thereof has been improved remark-
ably. Consequently, small light leakage generating at oppos-
ing corners in a black state while being observed in an oblique
direction has come to the surface as a cause of lowering
displaying-quality.

[0004] Inorder to improve color tones or viewing angles in
a black state, it has been also tried that an optical compensa-
tory material exhibiting a birefringence property is disposed
between a liquid-crystal layer and a polarizing plate in an IPS
mode display. For example, it is disclosed that a birefringent
medium capable of compensating increased or decreased
retardation of a tilted liquid crystal layer, having optical axes
orthogonal to each other, and disposed between a liquid crys-
tal cell substrate and a polarizing plate, can reduce the col-
oration in an oblique direction in a white or halftone state
(TOKKAI No. hei 9-80424).

[0005] There have been proposed a method employing a
film formed of a styrene based polymer having an intrinsic
negative birefringence or a discotic liquid crystal compound
(TOKKAINo. hei 10-54982, TOKKAI No. hei 11-202323 or
TOKKAI No. hei 9-292522); a method employing a combi-
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nation, as an optical compensation film, of a positive birefrin-
gent film having an optical axis in a plane and a negative
birefringent film having an optical axis in a normal direction
(TOKKAINo.hei 11-133408); a method employing a biaxial
optical compensation sheet having a A/2 retardation (TOK-
KAINo. hei 11-305217); and a method employing a combi-
nation of a negative retardation film, as a protective film of a
polarizer, and a positive retardation film, as an optical com-
pensation layer disposed on the surface of the protective film
(TOKKAI No. hei 10-307291).

[0006] Many of the proposed methods are methods to
improve viewing angles by counteracting the birefringence of
liquid crystal in the cell, and cannot sufficiently prevent light
leakage generating while the liquid-crystal displays are
observed in oblique direction, or, in other words, the polariz-
ing axes are out of orthogonal alignment. Some of the pro-
posed methods are for reducing such light leakage and, how-
ever, even if such methods are employed, it is extremely
difficult to optically compensate the liquid-crystal cell per-
fectly. Known optical compensatory sheets used for an IPS
mode liquid-crystal cell are thick since they consists of plural
films, and this is disadvantageous for thinning of liquid-crys-
tal displays. Some of the optical compensatory sheets are
prepared by stacking stretched films with adhesion layers.
The adhesion layers shrink depending on variation of tem-
perature or humidity, and, thus, film peel or warpage is some-
times occurred.

[0007] There has been also proposed a method for achiev-
ing optical compensation of IPS by employing a combination
of retardation films having positive birefringence whose opti-
cal axis is present in the normal direction thereof. As a method
for preparing such a retardation film, there is known a method
for vertically aligning a liquid crystal material and immobi-
lizing the alignment state (see, for example, JPT 2000-
514202, TOKKAI No. hei 10-319408, and TOKKAI No. hei
6-331826).

[0008] Furthermore, as a method for vertically aligning a
rod-like liquid crystalline compound, there are proposed a
method for using a vertical alignment layer as an alignment
layer; and a method employing a layer of a vertically aligning
agent (for example, a quaternary ammonium-substituted
silane coupling agent), which is formed on a substrate to be a
layer under a layer of a liquid crystalline compound (for
example, Koji OKANO, et al., Ekisho: Oyo-hen (Liquid
Crystals: Applied Edition), published by Baifukan Co. Ltd.
(1985), page 61; and Shohei NAEMURA, Appl. Phys. Lett.,
Vol. 33, No. 1(1978), pages 1 to 3). However, in recent years,
demands for display characteristics of a monitor have become
severe. Conventionally known anisotropic materials as
immobilized in the vertical alignment state are not sufficient
with respect to microscopic homogeneity, and improvements
thereof have been demanded.

SUMMARY OF THE INVENTION
Problems to be Resolved by the Invention

[0009] An object of the invention is to provide an IPS mode
liquid crystal display device which is improved in not only
display quality but also a viewing angle characteristic
employing a simple construction. Another object of the inven-
tion is to provide an optical compensation film capable of
contributing to improvement in a viewing angle characteristic
of a liquid crystal display device, especially an IPS mode
liquid crystal display device; and a composition which is
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useful for preparation of the subject optical compensation
film. A still another object of the invention is to provide a
retardation film in which molecules of a rod-like liquid crys-
talline compound are vertically aligned uniformly without
generating defects.

Means of Solving the Problems

[0010] The compositions (1) to (5), the optical compensa-
tion films (6) and (7) and the liquid crystal display devices (8)
to (13) achieved the objects of the invention respectively.
(1) A liquid crystal composition comprising:

[0011] at least one onium salt,

[0012] at least one rod-like liquid crystalline compound,
and

[0013] atleast one additive capable of promoting a vertical

alignment of molecules of the rod-like liquid crystalline com-
pound at an air interface.

(2) The liquid crystal composition of (1), wherein the additive
is a compound having a fluoroaliphatic group and at least one
hydrophilic group selected from the group consisting of a
carboxyl group (—COOH), a sulfo group (—SO;H), asulfate
group (—OSO,H), a phosphonoxy group {—OP(—O)(OH)
,}, and salts thereof.

(3) The liquid crystal composition of (1) or (2), wherein the
additive is a copolymer comprising at least one repeating unit
derived from a fluoro-aliphatic group-containing monomer
and at least one repeating unit represented by the following
formula (1):

[Formula 1]
[0014]
5 . Formula (1)
R R
||
R} L—Q

wherein R', R?, and R® each independently represents a
hydrogen atom or a substituent; L represents a divalent link-
ing group selected from Linking Group shown below or a
divalent linking group consisting of two or more selected
from Linking Group shown below;

(Linking Group)

[0015] a single bond, —O—, —CO—, —NR*— (where
R* represents a hydrogen atom, an alkyl group, an aryl group
or an aralkyl group), —S—, —SO,—, —P(—0)(OR*)—
(where R® represents an alkyl group, an aryl group or an
aralkyl group), an alkylene group and arylene group; and
[0016] Q represents a carboxyl group (—COOH) or a salt
thereof, a sulfo group (—SO.H) or a salt thereof, or a
phosphonoxy group {—OP(=0)(OH),} or a salt thereof.
(4) The liquid crystal composition of (1) or (2), wherein the
additive is a compound represented by the following formula
(2):

(RY),,-LE-(W),

[0017] wherein R° represents an alkyl group, an alkyl group
having a terminal CF; group or an alkyl group having a
terminal CF,H group; m represents an integer of 1 or more;
plural R% may be the same or different, provided that at least

Formula (2)
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one R° represents an alkyl group having a terminal CF ; group
or a terminal CF,H group; L° represents a linking group
having a valence of (m+n); W represents a carboxyl group
(—COOH) or a salt thereof, a sulfo group (—SO;H) or a salt
thereof, a sulfate group (—OSO,H) group or a salt thereof, or
a phosphonoxy group {—OP(=0)(OH),} or a salt thereof;
and n represents an integer of 1 or more.

(5) The liquid crystal composition of any one of (1) to (4),
wherein the onium salt is a quaternary ammonium salt.

(6) The liquid crystal composition of any one of (1) to (5),
wherein the onium salt is a compound represented by the
following formula (3a) or (3b):

[Formula 2]
[0018]

vl N x
/\;>\(D)m

Formula (3a)

Formula (3a)

[0019] wherein R® represents a substituted or non-substi-
tuted alkyl, alkenyl, alkynyl, aralkyl, aryl or heterocyclic
group; D represents a group capable of hydrogen bonding; m
represents an integer of from 1 to 3; and X~ represents an
anion;

[Formula 3]

[0020]

Formula (3b)

RQ—N/ \ \_/N+—R[0 2X

[0021] wherein R® and R'® each represents a substituted or
non-substituted alkyl, alkenyl, alkynyl, aralkyl, aryl or het-
erocyclic group; and X~ represents an anion.

(7) The liquid crystal composition of any one of (1) to (6),
wherein the onium salt is a compound represented by the
following formula (4):

[Formula 4]

[0022]

Formula (4)

-
— R
7—L 12 / \ L'—(CHy), —O N/
/) \ 7/ \.
2

[0023] wherein L' and L? respectively represent a divalent
linking group or a single bond; Y represents a substituent
capable of binding to phenyl other than a hydrogen atom; Z
represents a hydrogen atom, a substituted or non-substituted
aliphatic hydrocarbon group or a substitute or non-substituted
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aryl group; R'" and R'? respectively represent a hydrogen
atom, an alkyl group, an aryl group, an acyl group, a car-
boamyl group, a hydroxyl group or an amino group, and R**
and R may bind to each other to from a ring; n and p
respectively represent an integer from 1 to 10, q is an integer
from O to 4, provided that when p is 2 or more, L?s, Ys and gs
in the respective repeating units may be the same or different;
and X~ represents an anion.

(8) An optical compensation film comprising an optically
anisotropic layer formed of a liquid crystal composition of
any one of (1) to (7).

(9) The optical compensation film of (8), wherein molecules
of the rod-like liquid crystalline compound are aligned sub-
stantially vertically in the optically anisotropic layer.

(10) An optical compensation film comprising;

[0024] an alignment layer comprising at least one polymer
and at least one onium salt and

[0025] an optically anisotropic layer formed of a composi-
tion comprising at least one rod-like liquid crystalline com-
pound and at least one compound selected from compounds
represented by a following formula (1) or a following formula

©):

[Formula 5]
[0026]
Formula (1)
RZ2 R!
|
R L—Q

[0027] wherein R, R?, and R? each independently repre-
sents a hydrogen atom or a substituent; L represents a divalent
linking group selected from Linking Group shown below or a
divalent linking group consisting of two or more selected
from Linking Group shown below;

(Linking Group)

[0028] a single bond, —O—, —CO—, —NR*— (where
R* represents a hydrogen atom, an alkyl group, an aryl group
or an aralkyl group), —S—, —S0O,—, —P(=0)(OR*)—
(where R® represents an alkyl group, an aryl group or an
aralkyl group), an alkylene group and arylene group; and

[0029] Q represents a carboxyl group (—COOH) or a salt
thereof, a sulfo group (—SO,H) or a salt thereof, or a
phosphonoxy group {—OP(=0)(OH),} or a salt thereof;

(R9),,-L%(W),

[0030] wherein R represents an alkyl group, an alkyl group
having a terminal CF; group or an alkyl group having a
terminal CF,H group; m represents an integer of 1 or more;
plural R% may be the same or different, provided that at least
one R° represents an alkyl group having a terminal CF, group
or a terminal CF,H group; L° represents a linking group
having a valence of (m+n); W represents a carboxyl group
(—COOH) or a salt thereof, a sulfo group (—SO,H) or a salt
thereof, a sulfate group (—OSO;H) group or a salt thereof, or
a phosphonoxy group {—OP(=—O)(OH),} or a salt thereof;
and n represents an integer of 1 or more.

Formula (2)
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(11) The optical compensation film of (10), wherein the
onium salt is at least one compound selected from compounds
represented by a following formula (3a) or a following for-
mula (3b):

[Formula 6]

[0031]

R8— /_\ X

\=/\(D)m

Formula (3a)

[0032] wherein R® represents a substituted or non-substi-
tuted alkyl, alkenyl, alkynyl, aralkyl, aryl or heterocyclic
group; D represents a group capable of hydrogen bonding; m
represents an integer of from 1 to 3; and X~ represents an
anion;

[Formula 7]
[0033]
Formula (3b)
R9—N/ \ N*—RI0 2X
_/ \ 7
[0034] wherein R® and R'° each represents a substituted or

non-substituted alkyl, alkenyl, alkynyl, aralkyl, aryl or het-
erocyclic group; and X~ represents an anion.

(12) The optical compensation film of (10) or (11), wherein
the onium salt is a compound represented by the following
formula (4):

[Formula 8]

[0035]

Formula (4)

(Y)q
/ | \ /Rll
2 ) P R
Z——L ] L!—(CHy), @—N\Ru

©
X

wherein L' and L? respectively represent a divalent linking
group or a single bond; Y represents a substituent capable of
binding to phenyl other than a hydrogen atom; Z represents a
hydrogen atom, a substituted or non-substituted aliphatic
hydrocarbon group or a substitute or non-substituted aryl
group; R'" and R'? respectively represent a hydrogen atom,
an alkyl group, an aryl group, an acyl group, a carboamyl
group, a hydroxyl group or an amino group, and R'* and R*?
may bind to each other to from a ring; n and p respectively
represent an integer from 1 to 10, q is an integer from 0 to 4,
provided that when p is 2 or more, L?s, Ys and gs in the
respective repeating units may be the same or different; and
X represents an anion.
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(13) The optical compensation film of any one of (10) to (12),
wherein molecules of the rod-like liquid crystalline com-
pound are aligned substantially vertically with respect to a
film plane of the optically anisotropic layer.

(14) The optical compensation film of any one of (10) to (13),
wherein the alignment layer comprises a polyvinyl alcohol
derivative as a major component.

(15) A liquid crystal display device comprising at least:
[0036] a first polarizing film, a first retardation region, a
second retardation region, and a liquid crystal cell comprising
a liquid crystal layer interposed between a pair of substrates,
in which liquid crystal molecules are aligned substantially
parallel to the surfaces of the pair of substrates in a black state,

[0037] wherein retardation Re (A) of the first retardation
region at a wavelength of A nm is from 20 nm to 150 nm; and
an Nz value of the first retardation region, as defined accord-
ing to {Nz=(nx-nz)/(nx-ny)} by using in-plane refractive
indexes nx and ny (nx>ny) and a refractive index nz in the
thickness direction, is from 1.5 to 7,

[0038] in-plane refractive indexes nx and ny of the second
retardation region are substantially equal to each other; nx is
smaller than nz; retardation Rth (A) of the second retardation
region in the thickness direction at a wavelength of A nm is
from -80 nm to -400 nm; the second retardation region
comprises an optically anisotropic layer formed of a liquid
crystal composition of any one of claims 1 to 7; and molecules
of the rod-like liquid crystalline compound are aligned sub-
stantially vertically in the optically anisotropic layer, and
[0039] a transmission axis of the first polarizing film is
parallel to the slow axis direction of the liquid crystal mol-
ecules of the liquid crystal layer in a black state.

(16) The liquid crystal display of (15), wherein the first polar-
izing film, the first retardation region, the second retardation
region, and the liquid crystal cell are disposed in this order;
and the slow axis of the first retardation region is substantially
parallel to the transmission axis of the first polarizing film.

(17) The liquid crystal display device of (15), wherein the first
polarizing film, the second retardation region, the first retar-
dation region, and the liquid crystal cell are disposed in this
order, and the slow axis of the first retardation region substan-
tially orthogonal to the transmission axis of the first polariz-
ing film.

(18) The liquid crystal display device of any one of (15) to
(17), further comprising a second polarizing film having a
transmission axis orthogonal to the transmission axis of the
first polarizing film, wherein the first and second polarizing
films are disposed so as to interpose the first retardation
region, the second retardation region, and the liquid crystal
cell therebetween.

(19) The liquid crystal display device of any one of (15) to
(18), further comprising a pair of protective films disposed so
as to interpose the first polarizing film and/or the second
polarizing film therebetween, wherein one of the pair of pro-
tective films, which is disposed closer to the liquid crystal
layer, has retardation Rth in the thickness direction of not
greater than 40 nm.

(20) The liquid crystal display device of any one of (15) to
(19), further comprising a pair of protective films disposed so
as to interpose the first polarizing film and/or the second
polarizing film therebetween, wherein one of the pair of pro-
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tective films, which is disposed closer to the liquid crystal
layer, is a cellulose acylate film or a norbornene based film.

EFFECT OF THE INVENTION

[0040] According to the invention, there is provided a lig-
uid crystal display device comprising at least a first polarizing
film, a first retardation region, a second retardation region,
and a liquid crystal cell having a liquid crystal layer made of
a liquid crystal material interposed between a pair of sub-
strates, in which a liquid crystal molecule of the subject
nematic liquid crystal material is aligned substantially paral-
lel to the surfaces of the pair of substrates in a black state,
wherein retardation Re of the first retardation region is from
20 nm to 150 nm; an Nz1 value of the first retardation region,
as defined according to {Nz=(nx-nz)/(nx-ny)} by using in-
plane refractive indexes nx and ny (nx>ny) and a refractive
index nz in the thickness direction, is from 1.5 to 7; in-plane
refractive indexes nx and ny of the second retardation region
are substantially equal to each other; nx is smaller than nz;
retardation Rth (A) of the second retardation region in the
thickness direction is from —80 nm to —400 nm; and a trans-
mission axis of the first polarizing film is made parallel to the
slow axis direction of the liquid crystal molecules in a black
state; and, therefore, when observed in an oblique angle direc-
tion, a lowering of the contrast as generated due to deviation
of absorption axes of the two sheets of polarizing films from
90°, especially a lowering of the contrast in an oblique direc-
tion at 45° is improved without causing any change of the
characteristics of the front direction. In addition, by regulat-
ing the Rth of the protective film of the polarizing film at not
more than 40 nm, it is possible to further enhance the contrast.
Furthermore, by using the liquid crystal composition of the
invention, it is possible to simply prepare the foregoing sec-
ond retardation region without using a special vertical align-
ment layer. In addition, according to the invention, by align-
ing the molecule of a rod-like liquid crystalline compound on
an onium salt-containing alignment layer in the presence of a
specific compound, it is possible to vertically aligning mol-
ecules of a rod-like liquid crystalline compound stably.

EMBODIMENTS OF THE INVENTION

[0041] Hereafter, the present invention will be explained in
detail. In the description, ranges indicated with “to” mean
ranges including the numerical values before and after “to” as
the minimum and maximum values.

[0042] In the description, Re(A) and Rth(\) respectively
mean an in-plane retardation and retardation in a thickness-
direction at wavelength A. The Re(A) is measured by using
KOBRA-21ADH (manufactured by Oji Scientific Instru-
ments) for an incoming light of a wavelength A nm in a
direction normal to a film-surface. The Rth()\) is calculated by
using KOBRA-21ADH based on three retardation values;
first one of which is the Re(}.) obtained above, second one of
which is retardation which is measured for an incoming light
of a wavelength A nm in a direction rotated by +40° with
respect to the normal direction of the film around an in-plane
slow axis, which is decided by KOBRA 21ADH, as an a tilt
axis (a rotation axis), and third one of which is retardation
which is measured for an incoming light of a wavelength Anm
in a direction rotated by —40° with respect to the normal
direction of the film around an in-plane slow axis as an a
inclining axis (a rotation axis); a hypothetical mean refractive
index and an entered thickness value of the film. The wave-
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length A generally falls within the range from 450 to 750 nm.
According to the present invention, the wavelength A is 589
nm. The mean refractive indexes of various materials are
described in published documents such as “POLYMER
HANDBOOK?” (JOHN WILEY&SONS, INC) and catalogs.
If the values are unknown, the values may be measured with
an abbe refractometer or the like. The mean refractive indexes
of major optical films are exemplified below:

[0043] cellulose acylate (1.48), cyclo-olefin polymer
(1.52), polycarbonate (1.59), polymethyl methacrylate
(1.49), polystyrene (1.59).

[0044] When the hypothetical mean refractive index and a
thickness value are put into KOBRA 21ADH, nx, ny and nz
are calculated. And Nz, which is equal to (nx-nz)/(nx-ny), is
calculated based on the calculated nx, ny and nz.

[0045] Inthe description, the term of ““A is parallel to B” or
the term of “A is orthogonal to B” means that the angle
between A and B falls within a range of an exact angle £10°.
The angle desirably falls within a range of an exact angle +5°,
and more desirably within a range of an exact angle +2°. The
term of “A is perpendicular to B” means that the angle
between A and B falls within a range of an exact angle +20°.
The angle desirably falls within a range of an exact angle
+15°, and more desirably within a range of an exact angle
+10°. The term of “slow axis” means a direction giving a
maximum refractive index. As long as written specifically,
refractive indexes are measured at 550 nm.

[0046] In the description, the terms of “polarizing plate”
means not only polarizing plates having a proper size to be
employed in a liquid-crystal but also long polarizing plates
before being cut. And in the description, the terms of “polar-
izing film” is distinct from the term “polarizing plate”, and the
term of “polarizing plate” is used for any laminated body
comprising a “polarizing film” and at least one protective film
thereon.

[0047] Embodiments of the invention will be hereunder
described in detail with reference to the accompanying draw-
ings. FIG. 1 is a schematic view to show an example of a pixel
region of a liquid crystal display device of the invention.
FIGS. 2 and 3 are each a schematic view of one embodiment
of a liquid crystal display device of the invention.

[Liquid Crystal Display Device]

[0048] A liquid crystal display device as shown in FIG. 2
comprises polarizing films 8 and 20, a first retardation region
10, a second retardation region 12, substrates 13 and 17, and
a liquid crystal layer 15 as interposed between the subject
substrates. The polarizing films 8 and 20 are interposed
between protective films 7a and 76 and protective films 19a
and 195, respectively.

[0049] Intheliquidcrystal display device of FIG. 2, a liquid
crystal cell comprises the substrates 13 and 17 and the liquid
crystal layer 15 as interposed between these substrates. With
respect to the product An-d of a thickness d (um) and a
refractive index anisotropy An of the liquid crystal layer, in
the transmission mode, the range of from 0.2 to 0.4 um is an
optimum value in the IPS type not having a twist structure.
Within this range, the white state luminance is high and the
black state luminance is low, and therefore, a bright display
device with high contrast is obtained. An alignment layer (not
illustrated) is formed on the surface of each of the substrates
13 and 17 coming into contact with the liquid crystal layer 15,
whereby a liquid crystal molecule is aligned approximately
parallel to the surface of the substrate, and the alignment
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direction of the liquid crystal molecules in the state that no
voltage is applied or a low voltage is applied is controlled by
rubbing treatment directions 14 and 18 as applied on the
alignment layer, etc. Furthermore, electrodes (not illustrated
in FIG. 2) capable of applying a voltage to the liquid crystal
molecules are formed on the internal surface of the substrate
13 or17.

[0050] FIG. 1 schematically shows the alignment of the
liquid crystal molecules in one pixel region of the liquid
crystal layer 15. FIG. 1 is a schematic view to show the
alignment of the liquid crystal molecules in a region having
an extremely small area to an extent corresponding to one
pixel of the liquid crystal layer 15 along with a rubbing
direction 4 of the alignment layer formed on the internal
surface of each of the substrates 13 and 17 and electrodes 2
and 3 capable of applying a voltage to the liquid crystal
molecules as formed on the internal surface of each of the
substrates 13 and 17. In the case of performing active drive
using a nematic liquid crystal having positive dielectric
anisotropy as a field effect type liquid crystal, the alignment
direction of the liquid crystal molecules in the state that no
voltage is applied or a low voltage is applied is Sa and 54, and
at this time, black state is obtained. When a voltage is applied
between the electrodes 2 and 3, the alignment direction of the
liquid crystal molecules is changed to directions 6a and 65
corresponding to the voltage. Usually, bright display is car-
ried out in this state.

[0051] Again, in FIG. 2, a transmission axis 9 of the polar-
izing film 8 and a transmission axis 21 of the polarizing film
20 are disposed orthogonal to each other. A slow axis 11 ofthe
first retardation region 10 is parallel to the transmission axis
9 of the polarizing film 8 and a slow axis direction 16 of the
liquid crystal molecules in the liquid crystal layer 15 in a
black state.

[0052] Inthe liquid crystal display device as shown in FIG.
2, the construction in which the polarizing film 8 is interposed
between two sheets of the protective films 7a and 75, but the
protective film 76 may be omitted. In the case where the
protective film 754 is omitted, it is preferable that a part or the
whole of the first retardation region 10 has a characteristic
such that it can also function as the protective film 75 of the
polarizing film. Furthermore, the polarizing film 20 is inter-
posed between two sheets of the protective films 19a and 195,
too. However, the protective film 19« in the side close to the
liquid crystal layer 15 may be omitted. Incidentally, in the
embodiment of FIG. 2, the first retardation region 10 and the
second retardation region 12 may be disposed between the
liquid crystal cell and the polarizing film in the viewing side
or may be disposed between the liquid crystal cell and the
polarizing film in the back face side on the basis of the
position of the liquid crystal cell. In this embodiment, in all of
these constructions, the second retardation region is disposed
closer to the liquid crystal cell.

[0053] Another embodiment of the invention is shown in
FIG. 3. Ina liquid crystal display device of FIG. 3, the second
retardation region 12 is disposed between the polarizing film
8 and the first retardation region 10. In the liquid crystal
display device of FIG. 3, the protective film 756 may be omit-
ted. In the case where the protective film 75 is omitted, it is
preferable that a part or the whole of the second retardation
region 12 has a characteristic such that it can also function as
the protective film 75 of the polarizing film. Furthermore, the
polarizing film 20 is interposed between two sheets of the
protective films 19a and 195, too. However, the protective
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film 194 in the side close to the liquid crystal layer 15 may be
omitted. In the embodiment as shown in FIG. 3, the first
retardation region 10 is disposed such that its slow axis 11 is
orthogonal to the transmission axis 9 of the polarizing film 8
and the slow axis direction 16 of the liquid crystal molecules
in the liquid crystal layer 15 in a black state. Incidentally, in
the embodiment of FIG. 3, the first retardation region 10 and
the second retardation region 12 may be disposed between the
liquid crystal cell and the polarizing film in the viewing side
or may be disposed between the liquid crystal cell and the
polarizing film in the back face side on the basis of the
position of the liquid crystal cell. In this embodiment, in all of
these constructions, the first retardation region is disposed
closer to the liquid crystal cell.

[0054] Incidentally, in FIG. 3 and FIG. 2, while an embodi-
ment of a display device of a transmission mode in which an
upper polarizing plate and a lower polarizing plate are pro-
vided has been shown, the invention may be concerned with
an embodiment of a reflection mode in which only one polar-
izing plate is provided, too. In such case, since the optical path
in the liquid crystal cell becomes twice, an optimum value of
An-d becomes a value of approximately %4 of the foregoing
value. Furthermore, the liquid crystal cell which is used in the
invention is not limited to the IPS mode, but it can be suitably
applied to any liquid crystal display device so far as the liquid
crystal molecules are aligned substantially parallel to the
surfaces of the foregoing pair of substrates in a black state.
Examples of such a liquid crystal display device include a
ferroelectric liquid crystal display device, an antiferroelectric
liquid crystal display device, and an ECB type liquid crystal
display device.

[0055] The liquid crystal display device of the invention is
not limited to the constructions as shown in FIGS. 1 to 3 but
may contain other members. For example, a color filter may
be disposed between the liquid crystal layer and the polariz-
ing film. Also, an antireflection treatment may be applied to or
a hard coat may be provided on the surface of the protective
film of the polarizing film. Also, a material to which electric
conductivity has been imparted may be used as the construct-
ing member. Also, when used as a transmission type, a cold-
cathode or hot-cathode fluorescent tube or a backlight using,
as a light source, a light emitting diode, a field emission
element or an electroluminescent element can be disposed on
the back face. In this case, the backlight may be disposed in
the upper side or lower side in each of FIG. 2 and FIG. 3. Also,
a reflection type polarizing plate or a diffusion plate, or a
prism sheet or a light guide plate can be disposed between the
liquid crystal layer and the backlight. Also, as described pre-
viously, the liquid crystal display device of the invention may
be of a reflection type. In such case, only one polarizing plate
may be disposed in the observation side, and a reflection film
is disposed on the back face of the liquid crystal cell or on the
internal surface of the lower substrate of the liquid crystal
cell. As a matter of course, it is also possible to provide a
frontlight using the foregoing light source in the observation
side of the liquid crystal cell.

[0056] Embodiments of the liquid crystal display device of
the invention include an image direct-view type, an image
projection type, and a light modulation type devices. The
invention is especially efficient for an embodiment for apply-
ing to an active matrix liquid crystal display device using a
three-terminal or two-terminal semiconductor elements such
as TFT and MIM. As a matter of course, the invention is also
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efficient for an embodiment for applying to a passive matrix
liquid crystal display device as called “time sharing drive”.
[0057] Preferred optical characteristics of a variety of
members which can be used in the liquid crystal display
device of the invention and materials to be used for the mem-
bers, production methods thereof, and the like will be here-
under described in detail.

[First Retardation Region]

[0058] The first retardation region to be employed in the
liquid crystal display device of the invention comprises retar-
dation Re () of from 20 nm to 150 nm. In order to effectively
reduce light leakage in an oblique direction, the Re (A) of the
first retardation region is more preferably from 40 nm to 115
nm, and further preferably from 60 nm to 95 nm. Further-
more, the first retardation region has Nz, as defined according
to {Nz=(nx-nz)/(nx-ny)} by using in-plane refractive
indexes nx and ny (nx>ny) and a refractive index nz in the
thickness direction, of from 1.5 to 7. In order to effectively
reduce light leakage in an oblique direction, the Nz of the first
retardation region is more preferably from 2.0 to 5.5, and
further preferably from 2.5 to 4.5.

[0059] Basically, the foregoing first retardation region is
not particularly limited with respect to the materials and form
thereof so far as it has the foregoing optical characteristics.
For example, all of a retardation film made of a birefringent
polymer film, a film as prepared by coating a high molecular
compound on a transparent support and then heating, and a
retardation film having a retardation layer as formed by coat-
ing or transferring a low molecular or high molecular liquid
crystalline compound on a transparent support can be used. A
laminate of these films can also be used.

[0060] As thebirefringent polymer film, ones having excel-
lent controlling properties of the birefringence characteristic,
transparency and heat resistance are preferable. In this case,
the high molecular material to be used is not particularly
limited so far as it can achieve uniform biaxial alignment.
Conventionally known high molecular materials which can
be subjected to film formation by the solution casting method
or extrusion molding system are preferable, and examples
thereof include norbornene based high molecular materials,
polycarbonate based high molecular materials, polyallylate
based high molecular materials, polyester based high
molecular materials, aromatic high molecular materials such
as polysulfone, cellulose acylates, and mixed polymers of two
or three or more kinds of these polymers.

[0061] The biaxial alignment of the film can be achieved by
stretching a film made of the subject thermoplastic resin as
produced by an appropriate system such as an extrusion
molding system and a cast film formation system by, for
example, a longitudinal stretching system by rolls, a trans-
versal stretching system by a tenter, or a biaxial stretching
system. In the foregoing longitudinal stretching system by
rolls, an appropriate heating method such as a method of
using heat rolls, a method of heating the atmosphere, and a
combination thereof can be employed. Furthermore, in the
biaxial stretching system by a tenter, an appropriate method
such as a simultaneous biaxial stretching method by an entire
tenter system and a sequent biaxially stretching method by
the roll tenter method can be employed.

[0062] Furthermore, polymer films which are less in align-
ment unevenness or retardation unevenness are preferable.
Though the film thickness can be properly determined by
retardation and the like, it is generally from 1 to 300 pum,
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preferably from 10 to 200 um, and especially preferably from
20 to 150 um in terms of thinning of the thickness.

[0063] Examples of the norbornene based high molecular
materials include polymers of a monomer containing, as the
major component, a norbornene based monomer (for
example, norbornene and derivatives thereof, tetracy-
clododecene and derivatives thereof, dicyclopentadiene and
derivatives  thereof, methanotetrahydrofluorenone and
derivatives thereof) such as ring opening polymers of a nor-
bornene based monomer, ring opening copolymers of a nor-
bornene based monomer and other monomer which is ring
opening copolymerizable therewith, addition polymers of a
norbornene based monomer, addition copolymers of a nor-
bornene based monomer and other monomer which is ring
opening copolymerizable therewith, and hydrogenation
products thereof. Of these, ring opening polymer hydrides of
a norbornene based monomer are the most preferable from
the viewpoints of heat resistance and mechanical strength and
so on. The molecular mass of the norbornene based polymer,
monocyclic olefin polymer or cyclic conjugated diene poly-
mer is properly chosen depending upon the intended object
for use. When a weight average molecular weight, as reduced
into polyisoprene or polystyrene by the gel permeation chro-
matography with respect to a cyclohexane solution thereof (a
toluene solution thereof when, however, the polymer resin is
not dissolved), is usually in the range of from 5,000, to 500,
000, preferably from 8,000 to 200,000, and more preferably
from 10,000 to 100,000, the film is highly balanced between
mechanical strength and molding processability and there-
fore, is suitable. Examples of representative polymers include
polymers as described in TOKKAI No. 2003-327800 and
TOKKAI No. 2004-233604.

[0064] In the cellulose acylates, the acyl group may be an
aliphatic group or an aromatic group and is not particularly
limited. Examples of the cellulose acylates include alkyl-
carbonyl esters, alkenylcarbonyl esters, aromatic carbonyl
esters, and aromatic alkylcarbonyl esters of cellulose. These
cellulose esters may further have a substituted group, and
ester groups having not more than 22 carbon atoms in total are
preferable. Preferred examples of these cellulose acylates
include ones in which the ester moiety thereof has not more
than 22 carbon atoms in total, such as an acyl group (for
example, acetyl, propionyl, butyroyl, valeryl, heptanoyl,
octanoyl, decanoyl, dodecanoyl, tridecanoyl, hexadecanoyl,
and octadecanoyl), an allylcarbonyl group (for example, acryl
and methacryl), an arylcarbonyl group (for example, benzoyl
and naphthaloyl), and a cinnamoyl group. Specific examples
thereof include cellulose acetate, cellulose acetate propi-
onate, cellulose acetate butyrate, cellulose acetate stearate,
and cellulose acetate benzoate. In the case of a mixed ester,
while its mixing ratio is not particularly limited, it is prefer-
able that the acetate accounts for 30% by mole or more of the
whole ester.

[0065] Of'these, cellulose acylates are preferable, and those
of a photographic grade are especially preferable. Commer-
cially available cellulose acylates of a photographic grade are
satisfactory with respect to qualities such as viscosity average
polymerization degree and substitution degree. Examples of
manufacturers of cellulose triacetate of a photographic grade
include Daicel Chemical Industries, Ltd. (for example,
LT-20, LT-30, LT-40, LT-50, LT-70, LT-35, LT-55, and
LT-105), Eastman Chemical Company (for example, CAB-
551-0.01, CAB-551-0.02, CAB-500-5, CAB-381-0.5, CAB-
381-02, CAB-381-20, CAB-321-0.2, CAP-504-0.2, CAP-
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482-20, and CA-398-3), Courtaulds Chemicals, and Hoechst
AG. All of cellulose acylates of a photographic grade avail-
able from these manufacturers can be used. Furthermore, for
the purpose of controlling the mechanical characteristic or
optical characteristics of the film, it is possible to mix a
plasticizer, a surfactant, a retardation regulator, a UV
absorber, or the like. Details of these additives are described
in, for example, TOKKAI No. 2002-277632 and TOKKAI
No. 2002-182215.

[0066] As a method for molding a transparent resin into a
sheet or film-like form, for example, all of a heat melt mold-
ing method and a solution casting method can be employed.
In more detail, the heat melt molding can be classified into an
extrusion molding method, a press molding method, an infla-
tion molding method, an injection molding method, a blow
molding method, a stretching molding method, and the like.
Above all, in order to obtain a film which is excellent in
mechanical strength, surface precision, etc., an extrusion
molding method, an inflation molding method, and a press
molding method are preferable, and an extrusion molding
method is the most preferable. The molding condition is
properly chosen depending upon the intended object for use
and the molding method. In the case of the heat melt molding
method, the cylinder temperature is properly chosen within
the range of preferably from 100 to 400° C., and more pref-
erably from 150 to 350° C. The thickness of the foregoing
sheet or film is preferably from 11 to 300 pm, and more
preferably from 30 to 200 pum.

[0067] Stretching of the foregoing sheet or film is prefer-
ably carried outin atleast one direction in a stretching ratio of
from 1.01 to 2 times at a temperature preferably in the range
of from (Tg-30° C.) to (Tg+60° C.), and more preferably in
the range of from (Tg-10° C.) to (Tg+50° C.) wherein Tg
represents a glass transition temperature of the subject trans-
parent resin. The stretching direction may be at least one
direction. In the case where the sheet is obtained by extrusion
molding, it is preferable that the subject direction is the
mechanical flow direction (extrusion direction) of the resin.
As the stretching method, a free contraction uniaxial stretch-
ing method, a width-fixing uniaxial stretching method, a
biaxial stretching method, and the like are preferable. Control
of'the optical characteristics can be carried out by controlling
this stretching ratio and the heating temperature.

[Second Retardation Region]

[0068] The second retardation region to be employed in the
liquid crystal display device of the invention has in-plane
refractive indexes nx and ny, which are substantially equal to
each other, and a refractive index nz in the thickness direction
satisfying the relationship of nx<nz. In addition, retardation
Rth (X) of the second retardation region in the thickness
direction is from -80 nm to -400 nm.

[0069] A more preferred range of Rth (A) of the foregoing
second retardation region varies depending on the optical
characteristics of other optical members and especially, var-
ies depending on the Rth (M) of a protective film (for example,
a triacetyl cellulose film) of the polarizing film as positioned
more closely. In order to effectively reduce light leakage in an
oblique direction, the Rth () of the second retardation region
is preferably from —100 nm to =340 nm, and more preferably
from -120 nm to —270 nm. On the other hand, nx and ny ofthe
second retardation region are substantially equal to each other
as described previously, and the Re (A) becomes a value in the
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vicinity of 0. Specifically, the in-plane retardation Re (1) is
preferably from O to 50 nm, and more preferably from 0 to 20
nm.

[0070] The foregoing second retardation region comprises
an optically anisotropic layer formed of a composition of the
invention as described later. The foregoing composition com-
prises a rod-like liquid crystalline compound, and in the sub-
ject optically anisotropic layer, molecules of the rod-like
liquid crystalline compound is immobilized in the state that
they are vertically aligned. The foregoing second retardation
region may be formed of only the foregoing optically aniso-
tropic layer or may be formed of a plural number of optically
anisotropic layers. Also, the second retardation region may be
constructed so as to satisfy the foregoing optical characteris-
tics by the whole of a laminate of the support and the optically
anisotropic layer. As the rod-like liquid crystalline compound
to be used, ones which take the state of a nematic liquid
crystal phase, a smectic liquid crystal phase or a lyotropic
liquid crystal phase within the temperature range at which
alignment and immobilization are carried out can be suitably
used. In order to obtain the uniform alignment state, a liquid
crystal exhibiting a nematic phase is preferable. In particular,
with respect to the rod-like liquid crystalline compound
which becomes in the foregoing liquid crystal state within an
adequate alignment temperature range in the presence of an
additive, it is also preferred to form a layer by using a com-
position containing the subject additive and the rod-like lig-
uid crystalline compound.

[0071] The term “substantially vertical (or vertically)”
means that an angle between the film surface and a director of
the rod-like liquid crystalline compound falls within the
range of from 70° to 90°. Such a liquid crystalline compound
may be tilt aligned or may be subjected to hybrid alignment
such that a tilt angle gradually changes. Even in the case of the
tilt alignment or hybrid alignment, a mean tile angle is pref-
erably from 70° to 90, more preferably from 80° to 90°, and
most preferably from 85° to 90°.

[0072] The liquid crystal composition of the present inven-
tion will be described in detail. The liquid crystal composition
ofthe present invention may be used for producing the second
retardation region employed in the liquid crystal display of
the present invention.

(Liquid Crystal Composition of the Invention)

[0073] The liquid crystal composition of the present inven-
tion comprises at least one onium salt, at least one rod-like
liquid crystal compound and at least one additive capable of
promoting vertical alignment of molecules of the rod-like
liquid crystal compound at an air-interface.

{Onium Salt»

[0074] The composition of the present invention comprises
at least one onium salt. The onium salt may contribute to
promoting vertical alignment of molecules of a rod-like liquid
crystal compound at an alignment-layer-interface in the com-
position. Examples of the onium salt include ammonium
salts, sulfonium salts and phosphonium salts. The onium salt
is desirably selected from quaternary onium salts, and more
desirably selected from quaternary ammonium salts.

[0075] The quaternary ammonium salts are usually pre-
pared by alkylation (Menshutkin reaction), alkenylation,
alkynylation or arylation of tertiary ammonium salts such as
trimethylamine, triethylamine, tributylamine, triethanola-
mine, N-methylpyrrolidine, N-methylpiperidine, N,N-dim-
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ethylpiperazine, triethylenediamine or N,N,N'N'-tetram-
ethyl ethylenediamine; or nitrogen-containing hetero-rings
such as pyridine ring, picoline ring, 2,2'-bipyridine ring, 4,4'-
bipyridile ring, 1,10-pnenanthoroline ring, quinoline ring,
oxazole ring, thiazole ring, N-methylimidazole ring, pyrazine
ring or tetrazole ring.

[0076] The quaternary ammonium salt is desirably selected
from quaternary ammonium salts of nitrogen-containing het-
ero-rings, and more desirably selected from quaternary pyri-
dinium salts.

[0077] The quaternary ammonium salt is desirably selected
from the group represented by a formula (3a) or a formula

(3b).

[Formula 9]
[0078]

RS — /_\ X

\=/\(D)m

Formula (3a)

[0079] In the formula (3a), R® represents a substituted or
non-substituted, alkyl group, alkenyl group, alkynyl group,
aralkyl group, aryl group or heterocyclic group; D represents
a group capable of hydrogen bonding; m represents an integer
from 1 to 3; and X~ represents an anion.

[0080] First, the formula (3a) will be explained.

[0081] The alkyl group represented by R® is desirably
selected from substituted or non-substituted C, ;5 alkyl
groups, and more desirably selected from substituted or non-
substituted C, ; alkyl groups. The alkyl group may have a
linear chain, branched chain or cyclic structure. Examples of
the alkyl group include methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, t-butyl, n-hexyl, n-octyl, neopentyl, cyclo-
hexyl, adamantyl and cyclopropyl.

[0082] Examples of the substituent of the alkyl group
include a substituted or non-substituted C,_, 5, desirably C, g,
alkenyl group such as vinyl; a substituted or non-substituted
C,_,s, desirably C, g, alkynyl group such as ethynyl; a sub-
stituted or non-substituted C,_,, aryl group such as phenyl or
naphthyl; a halogen atom such as F, Cl or Br; substituted or
non-substituted C, 4, desirably C, 4, alkoxy group such as
methoxy or ethoxy; a substituted or non-substituted C ,,,
aryloxy group such as phenoxy, biphenyloxy or p-methox-
yphenoxy; a substituted or non-substituted C, ,, desirably
C, s, alkylthio group such as methylthio or ethylthio; a sub-
stituted or non-substituted Cg_,, arylthio group such as phe-
nylthio; a substituted or non-substituted C,_; 5, desirably C, g,
acyl group such as acetyl or propionyl;

a substituted or non-substituted C,_, 4, desirably C, g, alkyl-
sulfonyl or arylsulfonyl group such as methanesulfonyl or
p-toluene sulfonyl; a substituted or non-substituted C, g,
desirably C,_q, acyloxy group such as acetoxy or propionyl
oxy; a substituted or non-substituted C,_, 5, desirably C, g,
alkoxycarbonyl group such as methoxycarbonyl or ethoxy-
carbonyl; a substituted or non-substituted C,_,, aryloxycar-
bonyl group such as naphthoxy carbonyl; a non-substituted
amino group; a substituted C,_, 5, desirably C, 4, amino group
such as methylamino, dimethylamino, diethylamino, anilino,
methoxyphenyl amino, chlorophenyl amino, pyridyl amino,
methoxycarbonylamino, n-butoxycarbonyl amino, phenoxy-



US 2009/0009693 A1

carbonyl amino, methylcarbamoyl amino, ethylthiocarbam-
oyl, amino, phenylcarbamoyl amino, acetylamino, ethylcar-
bonyl amino, ethylcarbamoyl amino, cyclohexylcarbonyl
amino, benzoylamino, chloro acetylamino or methylsulfonyl
amino;

a substituted or non-substituted C,_, 4, desirably C, 4, car-
bamoyl group such as non-substituted carbamoyl, methylcar-
bamoyl, ethylcarbamoyl, n-butylcarbamoyl, t-butylcarbam-
oyl, dimethylcarbamoyl, morpholino carbamoyl or
pyrrolidino carbamoyl; a non-substituted sulfamoyl group; a
substituted C,_,,, desirably C, g, sulfamoyl group such as
methylsulfamoyl or phenylsulfamoyl; a cyano group, a nitro
group, a carboxyl group, a hydroxy group, a heterocyclic
group such as an oxazole ring, benzoxazole ring, thiazole
ring, benzothiazole ring, imidazole ring, benzoimidazole
ring, indolenine ring, pyridine ring, piperidine ring, pyrroli-
dine ring, morpholine ring, sulfolane ring, furan ring,
thiophene ring, pyrazole ring, pyrrole ring, chroman ring or
coumarin ring. The substituent for the alkyl group is much
desirably selected from aryloxy groups, arylthio groups, aryl-
sulfonyl group and aryloxycarbonyl groups.

[0083] The alkenyl group represented by R® is desirably
selected from substituted or non-substituted C,_; alkenyl
groups, and more desirably selected from substituted or non-
substituted C,_¢ alkenyl groups. Examples of the alkenyl
group include vinyl, allyl, 1-propenyl and 1,3-butadiene.
Examples of the substituent for the alkenyl group are same as
those for the alkyl group.

[0084] The alkynyl group represented by R® is desirably
selected from substituted or non-substituted C, 5 alkynyl
groups, and more desirably selected from substituted or non-
substituted C, ¢ alkynyl groups. Examples of the alkynyl
group include ethynyl and 2-propynyl. Examples of the sub-
stituent for the alkynyl group are same as those for the alkyl
group.

[0085] The aralkyl group represented by R® is desirably
selected from substituted or non-substituted C,_,4 aralkyl
groups. Examples of the aralkyl group include benzyl, meth-
ylbenzyl, biphenyl methyl and naphthyl methyl. Examples of
the substituent for the aralkyl group are same as those for the
alkyl group.

[0086] The aryl group represented by R® is desirably
selected from substituted or non-substituted C, ,, aryl
groups. Examples of the aryl group include phenyl, naphthyl
or fluorenyl. Examples of the substituent for the aryl group
are same as those for the alkyl group. Other preferred
examples of the substituent for the aryl group include alkyl
groups such as methyl or ethyl, alkynyl groups and benzoyl
groups.

[0087] The heterocyclic group represented by R® is desir-
ably selected from saturated or non-saturated 5- or 6-mem-
bers heterocyclic groups, composed of a carbon, nitrogen,
oxygen or sulfur atom. Examples of the heterocyclic group
include an oxazole ring, a benzoxazole ring, thiazole ring,
benzothiazole ring, imidazole ring, benzoimidazole ring,
indolenine ring, pyridine ring, piperidine ring, pyrrolidine
ring, morpholine ring, sulfolane ring, furan ring, thiophene
ring, pyrazole ring, pyrrole ring, chroman ring or coumarin
ring. Examples of the substituent of the heterocyclic group
are same as those for the alkyl group. The heterocyclic group
is more desirably a benzoxazole ring or a benzothiazole ring.
[0088] It is preferred that R® is a substituted or non-substi-
tuted alkyl group, aralkyl group, aryl group or heterocyclic
group.
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[0089] D represents a group capable of hydrogen-bonding.
Hydrogen bonds occur in molecules that have hydrogen
atoms bound to electronic negative atoms such as O, N, F and
Cl. For example, theoretical explanation of hydrogen bond is
described in “Journal of American Chemical Society, vol. 99,
p. 1316~1332 (1977), H. Uneyama and K. Morokuma”. The
specific types of hydrogen bonds are described in FIG. 17 on
page 98 of “Intermolecular and Surface Forces™ written by
Israelachvili, translated by T. Kondo and H. Ohshima and
published by McGraw-Hill. Specific examples of hydrogen
bonds are described in “Angewante Chemistry International
Edition English, vol. 34, p. 2311 (1995), G. R. Desiraju” and
the like.

[0090] Preferred examples of the function group capable of
hydrogen bonding include mercapto, hydroxy, amino, car-
boxamide, sulfonamide, acid amide, ureido, carbamoyl, car-
boxyl, sulfo and N-containing heterocyclic group such as
imidazolyl, benzimidazolyl, pyrazolyl, pyridyl, 1,3,5,-tri-
azyl, pyrimidyl, pyridazil, quinolyl, benzimidazolyl, ben-
zothiazolyl, succinimido, phthalimido, maleimide, uracil,
thiouracil, barbituric acid, hydantoin, maleic acid hydrazide,
isatine and uramil. More preferred examples of the function
group capable of hydrogen bonding include amino, carboxa-
mide, sulfonamide, ureido, carbamoyl, carboxyl, sulfo and
pyridyl, and much more preferred examples include amino,
carbamoyl and pyridyl.

[0091] The anion represented by X~ may be selected from
inorganic or organic anions. Examples of the anion include
halogen anions such as fluorine ion, chlorine ion, bromine ion
or iodine ion; sulfonate ions such as methanesulfonic acid
ion, trifluoromethanesulfonic acid ion, methylsulfuric acid
ion, p-toluene sulfonic acid ion, p-chloro benzenesulfonic
acid ion, 1,3-benzenedisulfonic acid ion, 1,5-naphthalenedis-
ulfonic acid ion or 2,6-nephthalenedisulfonic acid ion; sulfate
ion, thiocyanic acid ion, perchloric acid ion, tetrafluoro boric
acid, picric acid ion, acetic acid ion, phosphoric acid ion such
as hexafluoro phosphoric acid ion and hydroxy ion. X~ is
desirably selected from a halogen anion, sulfonate ion and
hydroxy ion. Itis noted that X~ is not required to be a monova-
lent anion. Thus, X~ may be selected from two or more valent
anions, and in such case, it is not required that the cation-to-
anion ratio is 1.

[0092] In the formula (3a), m is desirably 1.

[0093] The quaternary ammonium salt is more desirably
selected from the group represented by a formula (4).

[Formula 10]

[0094]
Formula (4)
e
—_ R
® /
7Z—12 / \ L'—(CH,y),— N
_ \ / \.
P e
X
[0095] Inthe formula (4), L' and L' respectively represent

a divalent linking group or a single bond. The divalent linking
group is desirably selected from a group consisting of a sub-
stituted or non-substituted C, _, , alkylene group such as meth-
ylene, ethylene or 1,4-butylene, —O—, —C(=0)—,
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—C(=0)0—, —0OC(=0)0—, —S—, —NR—,
—C(=0O)NR'—, —S(=0),— and any combinations of at
least two thereof. R'and R" respectively represent a hydrogen
atom or a substituted or non-substituted alkyl group. When
right-left asymmetric divalent linking groups such as —C(—
0)O— are selected, such divalent linking groups may bind to
the two sites in both directions (for example —C(—0)O—
and —OC(—0)—).

[0096] Inthe formula,Y represents a substituent capable of
binding to phenyl other than a hydrogen atom. Examples of
the substituent represented by Y include a halogen atom, an
alkyl group, whose meaning includes a cycloalkyl group or
bicycloalkyl group, an alkenyl group, whose meaning
includes a cycloalkenyl group or bicycloalkenyl group, an
alkynyl group, an aryl group, a heterocyclic group, a cyano
group, a hydroxyl group, a nitro group, an alkoxy group, an
aryloxy group, an acyloxy group, a carbamoyl group, an
amino group, whose meaning includes an anylino group, an
acylamino group, a sulfamoyl amino group, a mercapto
group, an alkylthio group, an arylthio group, an acyl group, an
aryloxycarbonyl group, alkoxycarbonyl group and a carbam-
oyl group.

[0097] Inthe formula, R'' and R'? respectively represent a
hydrogen atom, an alkyl group, an aryl group, an acyl group,
a carboamyl group, a hydroxyl group or an amino group. And
R'! and R'? may bind to each other to from a ring,

[0098] In the formula, Z represents a hydrogen atom, a
substituted or non-substituted aliphatic hydrocarbon group
such as a C,_;, alkyl group and C,_;, alkenyl group; or a
substitute or non-substituted aryl group such as Cg4_5, phenyl
group. In the formula, n and p respectively represent an inte-
ger from 1 to 10, q is an integer from O to 4. When p is 2 or
more, L2 Y or q included in each repeating unit may be same
or different each other.

[0099] The preferred embodiment of the formula (4) will be
described in detail hereinafter.

[0100] In the formula, L' desirably represents —O— or a
single bond; and L* desirably represents —O—, —C(=—0)
O—, —OC(=0)O— or a single bond.

[0101] In the formula, Y desirably represents a halogen
atom; a substituted or non-substituted alkyl group, having a
linear or branched chain structure or a ring structure; an
alkoxy group or a cyano group; and more desirably represents
a halogen atom such as a fluorine atom, a chlorine atom or a

CeHjz3— W\_/ \_/N+—C5H13 2Br”

II-1

PhH,C —N“L\ / \ / N*—CH,Ph 2Br

1I-3
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bromine atom; a substituted or non-substituted C, 5, alkyl
group such as methyl, ethyl, n-propyl, isopropyl, t-butyl,
n-octyl, 2-chloroethyl, 2-cyanoethyl and 2-ethyl hexyl; an
alkoxy group such as methoxy or ethoxy; or a cyano group.
[0102] Inthe formula (4), R'* and R'? desirably represent a
substituted or non-substituted alkyl group; and most desir-
ably methyl.

[0103] Inthe formula (4), p is desirably an integer from 1 to
5 and more desirably from 2 to 4; n is desirably an integer
from 1 to 4 and more desirably 1 or 2; q is desirably O or 1.
When p is 2 or more, q in at least one unit is desirably 1 or
more.

[0104] Next, the formula (3b) will be described in detail.

[Formula 11]
[0105]

Formula (3b)

[0106] In the formula (3b), R® and R'° respectively repre-
sent a substituted or non-substitute, alkyl group, alkenyl
group, alkynyl group, aralkyl group, aryl group or heterocy-
clic group; and X~ represents an anion.

[0107] The substituted or non-substituted, alkyl group, alk-
enyl group, alkynyl group, aralkyl group, aryl group or het-
erocyclic group is identically defined with those in the for-
mula (3a) respectively, and their preferred scopes are also
same. The anion represented by X~ is identically defined with
that in the formula (3a), and the preferred scope is also same.
AS described above, X~ is not required to be a monovalent
anion. Thus, X~ may be selected from two or more valent
anions, and in such case, it is not required that the cation-to-
anion ratio is %5.

[0108] Specific examples of the onium salt, which can be
used in the present invention, are shown below, and, however,
onium salts that can be employed in the present invention are
not limited to these. Among the examples, Example No.
1I-1~12 are examples of the onium salt represented by the
formula (3b); and Examples No. II-13~32 are examples of the
onium salt represented by the formula (3a).

[Formula 12]

C12H25_N+ N+_C12H25 2Br
\ 7/ \ 7

2CH3S05"

1I-4
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-continued

0,CH,CH,C—N*. —CH,CH,CO, 2B
\ /\ O O

1I-5

OCH,CH,—N* N*— CH,CH,0 2By
\ / \ / O O r

1I-6

H;COO(CH2>8—N+\_ / \_ /N*—(CHZ)SO O O OCH; 2Br-
-7
DaUaUaW,

2Cr
1I-8

2CI
1I-9

2Cr
1I-10

2Cr
II-11

2Cr
1I-12

N\_ / \_/N*—céH13 Br N\_ / \_/N+—CH2P11 Br

II-13 1I-14

N\ / \ /N* N\ / \ /W—CHZCHZCOZ Br

II-15 1I-16

[Formula 13]
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-continued

N \_ / \_/ N*—(CHZ)SOOCH3 Br

1I-17

II-18

1I-19

[Formula 14]
\NCW—CGng Br \NCW—CHZPh Br \NCW—CHZPh cr
/ \ 7 / \/ 7\ _/
11-20 1I-21 11-22
\_/ N\ N/ N7 A\ C /) _
Py /WKSD )~ S~ .
1I-23 1I-24 I1-25
oL OO
/. \_/ / \_/
CH3805"
O 11-27
11-26
\NCW—(CH2)800CH3 Br o W—(CHZ)SOOCHg Br
/. \_/ <\ />
II-28 II-29

— — N
HZNOC@W—(CH2)300CH3 Br CN4©N+4</S Br

1I-30 1I-31

— N
HZNOC‘@N+4</S Br

1132
[Formula 15]
CHj3 CH; CH; CH;
H;C—N"—CH; F H;C—N"—CH; OH- H;C—N*—CH,CH,—N"—CH; 2Br
CH;z CH; CH; CHj
1I-33 11-34 1I-35
Ph Ph

Ph—P'—(CHy),—P*—Ph 2Br  Ph3P+Me Br  Ph,P'Me Br

Ph Ph 1I-37 1I-38

1I-36
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[0109] Quandary ammonium salts (1) to (60) shown below
are also preferred.

[Formula 16]
O O, — /
CSH”OA@_{ >_®70(CH2)9_+NC>7N
Y 3 \ / \
Br
@®
[Formula 17]
O O, — /
CSH”OA@_{ >_®70(CH2)9_+NC>7N
Y 3 \ / \
C1
@
[Formula 18]
O O, — /
CSH”OA@_{ >_®>O(CHZ)9—WQN
) ¥ \ 7/ \
F
3
[Formula 19]
O O, — /
CSH”OA@_{ >_<j>/O<CHZ)9_+NC>/N
Y 3 \ / \
CH;3S07;
@
[Formula 20]
(0] O — /
CSH”OA@_{ }OiO(CHZ)Q_&OiN
®)
[Formula 21]
O O, — /
. 3 \ 7/ \
“Br
©6)
[Formula 22]
(6] O, — /
CSH”O‘@_{ >_<j>7O<CHZ)2_+I\IC>7N
Y 3 \ 7/ \
“Br
F
O
[Formula 23]

(0] 0O, —
OO ¢ \ / \_
“Br
®
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-continued
[Formula 24]
(0] 0O, —
CSH”OA@_{ >_@70(CH2)2_+NC>> N<j
., y \_/
“Br
®
[Formula 25]
O O, —
— (1209 2)9
/= o s \ /"
2Br
(10)
[Formula 26]
(@]
(0] O, —_—
\)k /
O(H,C)4,0 O(CH2)9—+N\ / N
(@] (6] \
Br
an
[Formula 27]
0, —
/
>_®70(CH2)9 _WQ/>7 A
CsHyy — o} \
‘Br
12
[Formula 28]
O> < > _ /
O(CH2)9—+NQ N
CgH 170‘@? (6] 'Br\ / \
(13
[Formula 29]
O> < > N\ /
O(CH,)4 —+N\/:>7 N
~ ° - \ / \
Br
14)
[Formula 30]
A —\ ./
wO(CHZ>4_W& A
Meoo - \ \
Br
(15)
[Formula 31]

(16)
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-continued
[Formula 32]
O O(CH2)9_+ /\:>7N
R
17
[Formula 33]
ot Vs AW
1s)
[Formula 34]
N O(CH,)o—*N N
y )
C3H1704©7N -Br\ / \
(19)
[Formula 35]

O O, — /
Cl1
20)

O (@] — /
CgH ;0 O(CHZ)Z—WQ N
F

@D

CH3S073
22

O O, — /
CSH”OA@_{ >_<j>7O(CHZ)Z_J(NC>7N
OO 0 \ / \
H;C 4@* SO;5”
23)

—N —
Br

(24)

, N/ \

(25)
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-continued
0
o} o) O —
P O / ) Q || Q /
O(H2C)4O O(CH2)40_ C _(CH2)2_+N N
Br

(26)

04©7 > N o /CH3
o) o) \ / \CH3

@7

04©7 > N o /CH3
o) 19 \ / \CH3

@9

O@O — /"
C]0H2304©_< %QCHZ_WQN
o) o \ / \CH3

(29
CsH ,70 o) . CIG N/CH3
H >_ —
0 \ / \CH3
(30)

_< >_< OOO >_< >_ N o /CH3
C3H17O CH2CH2_+N N
/\\:>7 \

o) 0 CH;

G

o@—o (& pe— /CH3

O—C4H304®—< }—Q—CHZ—WO—N

A( 0 0 \ / \CH3
0

(€20

o@—o L — /CH3

o— C4H304©—< )—O—CHZ—WQ—N

A( 0 s} \ / \CH3
0

(33)

csHWOO : Cr — /CH3
CHZ_ +NC>7 A
O \ / \CH3

(34

[Formula 36]
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-continued

e)
0 \ / \CH3

(€R))

0
C16H330 >—QO (O /CH3
0 0 \_/ \CH3

(36)

[Formula 37]

Cl
Br
o—< />—o CH;
81117 27
y \ / \es,

37

CH;
ClI
0 S— CH;
Oy
2
4 \ / \es,

(38)

O
0 — CH;
O
2
o \ / \CH3

(39

t-Bu
Cl-
O O — CHj3
CH. Nt N/
—
\ /
o) 0 CH;

(40)

CH;
‘Br
0 — CH,;
+ /
OCH,CH,— \ / N\
) CH;

@n

¢

CgH;70

2

CsH 70

'

CgH}70

CgH 70

? %

O
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[Formula 38]
Cl
“Br
[¢] o — /CH3
CSH”O‘©_< )_QOCHZCHZ_ /\\:/>+>N\
o) o) CH;
42)
Br
“Br
[¢] o — /CH3
+
CSH”O‘©_< %QOCHZCHZ_ QN\
o) o) CH;
43)
t-Bu
“Br
OG > o /CH3
C8H17O‘©_< %QOCHZCHZ_ /\\:/>;N\
o) 0 CH;
“44)
O,
CH;
“Br
[¢] o — /CH3
+
CSH”O‘©_< %QOCHZCHZ_ QN\
o) o CH;
@é5)
O,
H
‘Br
0 0 — /CH3
CSHI704©_< %QOCHZCHZ_ Q;N\
(6] (0] CH;
(46)
O,
CH;
‘Br
0 0 — /CH3
+
CSHI7O‘©_< %QOCHZCHZ_ /\\:/>7N\
(6] o CH;3
@47
[Formula 39]
CsHiz

G ? H >_ - o /CH3
CsH|7O OCH2CH2_ +N N
/\\:/>7 \

0 CHj

(48)

2
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-continued
CO,CH,CHj

OG 2 - o /CH3
C3H17O OCHchz - +N N
o) 0 CH,

49)

B

Cl
“Br
CH; t 0 0 — CH;
\ /N /
/N —CH,CH,0 OCH,CH, —W\ / N\
CH; —_— 0 0 CH;

(50)

CHj,
Br “Br
CH; o) 0 — CH,
\ /N /
/N —CH,CH,0 OCH,CH, —*N\ / N\
CHj3 ] (@) CHj3

GDh

CH;
CH B OO—O > CH
3 e 3
/
CHj = 0 o \CHs
)

52
CsH)7

CH B 0 0 Br CH
— (CHy)y 24—
CH3/ — o) s \_/ \CH3

(53)
CH;0

Br
04©7O o /CH3
CsH,10 OCH,CH,—*N N

0 J CH,

(54

CH;
F
0 0 B CH;
CH,,0 }—Q\OCHZCHZ— *N/\:/>— N/
0 o) \ \CH3

(55)
OCH;

Br
g @7 > o /CH3
C3H17O—< H OCH,CH,—*N N
Q \
0 d CH,

(56)



US 2009/0009693 A1l Jan. &, 2009
20
-continued
CH;
CH;0 OCH;
“Br
o) o) — CH;
CsH}70 OCHZCH2—+N\ / N
o) o) CH;
(57)
[Formula 40]
CH; CH;
“Br
o) o) — CH;
CSH,704©—< )—QOCHZCHZ— \ / N
o) cH; O CH;
(58)
NG CN
04@0 N - o
csH.7O~©—< }—QOCHZCHZ— \ / N
o) o) CH;
(59)
CO,CH,CHz
0 0 e — CH,
CsH,704©—< }—QOCHZCHZ— \ / N
o CO,CH,CH; O CH;
(60)
t-Bu
0 0 e p— CH;
CSH,7O~©—< }—QOCHZCHZ— \ / N
o) B o) CH;

(61)

[0110] The pyridinium derivatives may be prepared by
alkylation (Menshutkin reaction) of pyridine rings.

[0111] The preferred range of the amount of the onium salt
in the composition of the present invention may vary with the
types of the onium salts, and, generally, the amount of the
onium salt is desirably from 0.01 to 10 mass %, more desir-
ably from 0.05 to 7 mass %, and much more desirably from
0.05 to 5 mass % with respect to the total mass of the com-
position (when the composition is a solution, the solvent is
excluded). Two or more types of onium salts may be used,
and, in such a case, the total amount of plural types of onium
salts desirably falls within the above range.

{Rod-Like Liquid Crystal Compound)

[0112] The composition of the present invention comprises
at least one rod-like liquid crystalline compound. The rod-
like crystalline compound exhibits a positive birefringence.
The rod-like crystalline molecules are not required to exhibit
liquid crystallinity when they are fixed in an alignment state
in an optically anisotropic layer. Preferred examples of the

rod-like liquid crystal compound, which can be used in the
retardation layer, include azomethines, azoxys, cyanobiphe-
nyls, cyanophenyl esters, benzoic acid esters, cyclohexan-
ecarboxylic acid phenyl esters, cyanophenylcyclohexanes,
cyano-substituted phenylpyrimidines, alkoxy-substituted
phenylpyrimidines, phenyl dioxanes, tolans and alkenylcy-
clohexyl benzonitriles. Examples of the rod-like liquid crys-
tal compounds further include liquid-crystal polymers. The
rod-like compound may be selected from low-molecular or
high molecular weight compounds. The liquid crystalline
compounds having a moiety capable of polymerization or
crosslinking reaction induced by irradiation of active light
ray, electron ray or heat are desirably used. The number of the
moiety in a liquid-crystalline molecule is desirably from 1 to
6, and more desirably from 1 to 3. Rod-like crystalline com-
pounds having a polymerizable group for being fixed in an
alignment state are desirably used in the present invention.
Examples of the polymerizable group include radical poly-
merizable unsaturated group and cation polymerizable group.
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In particular, the polymerizable groups or polymerizable liq-
uid crystalline compounds described in paragraphs [0064] to
[0086] of TOKKAI No. 2002-62427.

{Additive for Vertical Alignment at Air Interface)

[0113] The composition of the present invention comprises
at least one additive capable of promoting molecules of the
rod-like crystalline compound at an air-interface, hereinafter
occasionally referred to as “air-interface vertical alignment
promoter”. Generally, rod-like liquid crystalline molecules
tend to be tilted at an air-interface, and in order to be vertically
aligned uniformly, rod-like liquid crystalline molecules are
should be controlled to be aligned vertically at air-interface. It
is preferred to add a compound, capable of locating at an air

Jan. &, 2009

interface and giving volume-excluding effect, an electrostatic
effect or the like on the rod-like liquid crystalline molecules
so as to align them vertically, to the composition.

[0114] Examples of the air-interface vertical alignment
promoter include compounds described in TOKKAI No.
2002-20363 and No. 2002-129162. And the factors described
in paragraphs of 0072 to 0075 in TOKKAI No. 2004-53981,
paragraphs of 0071 to 0078 in TOKKAI No. 2004-4688,
paragraphs of 0052 to 0054, 0065 to 0066 and 0092 to 0094 in
TOKKAI No. 2004-139015 can be applied to the present
invention. And examples of the air-interface vertical align-
ment promoter include Compound Nos. B-1 to B-33 and
Compound Nos. C-1 to C-45.

[Formula 41]
COH COH COH COH
O(CH)3CsFy7 CO,(CH)2CsF 7 ©/O(CH2)3C5F 13 CO,(CH2)2C6F 13
B-1 B-2 B-3 B-4
CO,H CO,H CO,H CO,H
O(CH2)3C4Fy i _CO,(CH;)2C4Fy i
O(CH2)3C4F 17 O(CH,)3C¢F 13
B-5 B-6 B-7 B-8
COH COH CO,H COH

e

O(CHy)3CsFy7 O(CHy)5CgF 13

B-9 B-10

CO,H

O

CO,(CHy)2CsF 7

CO2(CH,)2CsF 17
B-11 B-12

[Formula 42]
COH

o

CsF17(H2C)30 O(CHy)3CsF17 C4Fo(H,C )30 O(CH,)3C4Fo
B-13 B-14
CO,H COH
CeHi3 CeHi3
O O O(CH,)3CgF 7
CsHyz CsHy7 O(CHy)3CsF 17
B-15 B-16

CO,H

O(CH2)3C4F9
O(CHy)3C4F

B-17
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-continued
CO.H CO,H
CgH}70 OCgHy7 C4Fo(HC)30 O(CH,)3C4Fy
OCgHy7 O(CH)3C4Fy
B-18 B-19
CO,H CO,H
CONH(CH)>CsF 7
OCO(CH;),CgF 7
B-21 B-22
COH
NHCO(CHy),CgF 17
NHCO(CH,),CsF 17
B-24
CO.H CO,H
CeF130C0” i ~OCOCGF,3 C4Fs0CO” i ~0COC,F,
B-25 B-26
COH COH
C2H,50CO i OCOC,Hys i NHCOC¢F 3
0COC ;5 H,s NHCOCGF 3
B-28 B-29

CO,H

Jan. &, 2009
CO,H
CeHyz CeHiz
O [0)
CgHy7 o CgHy7
CeHi3 CsHy7
B-20
CO,H
NHCO(CH,),CsF s
B-23
[Formula 43]
CO,H
C4F,0C0 0COC,Fo
OCOC,F,
B-27
CO,H
C¢F1;0CHN NHCOC(F 3
B-30
CO,H

O\/\/\ CsHiy
HE,C(FsC)s(HyC)30 O(CH)3(CFy)sCFoH /\[( o 0/\(

O(CH,)3(CF,)sCF,H (6]

CeHiz

CeHy3 CsHyy
B-32



US 2009/0009693 A1

)\/\)\/\/W\AO

HO;8 0OCpHss

%

(OCH2CH,)2C6F 13
(&3]
HO,S (OCH>CH),CeF 13
OCoHps
(C-4)
HOSS OC 5Hys
(OCH,CHy)2CyFg
€N
HO,S (OCH>CH;),C4Fo

%

OCpHps

(C-10)

HO;8 0OC pHss

%

O(CH2)3CsF 13
(C-13)

-continued
CO,H

HO;S \C[ OCy6Hs3
(OCHCH,)2C6F 13

€2

HOsS. : j(OCHZCHZ)ZCEF13
OCyeHs3

(C-5)

Hozs\©i Cy6Hs3
(OCH,CH,),C4Fy

(C-8)

HOsS. : (OCHCH,),CaFo
OCy6Ha3

(€11
CeHiz

HO3S o\)\
\©i C3F17
O(CH2)3C6F 13

(C-14)
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A~ A AN

[Formula 44]

CeHy3

HO;S \)\
\©i CsF7
(OCH,CHy),CgF 13
(C-3)
HO;S (OCH,CH,),CeF 13
\©i CgFy7

C6H13

(C-6)
CeHyz

HO,S \/]\
\(:[ CsFi
(OCH;CH;),C4Fg
(&)
HO,S (OCH,CH,),C4Fo
\(:[ /\( CgF7

CeHys
(C-12)
HO:S. : :(OCHZCH2)2C4F9
(OCHCH2C6F 13
(€-15)
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-continued
HOsS (OCH,CH,),CgF 13
HO;S
OCoHys

%

(C-16)
HO;S OC 5Has

(OCH2CH,)2C6F 13

X

(OCH,CH,),C6F 13

(C-19)

HO;$ (OCH,CH,),C4Fs

%

(C-22)
HO;S

%

(OCH,CH,)2CaFy
(C-25)

HO;S (OCH,CH,),CeF 13

%

(C-28)

HOsS OCH,(CF2)sH

%

(OCH,CHy)2CyFy
(C-31)

HO;S (OCH,CH,),CeF 13

%

OCH,(CF,)6H
(C-34)

HO;S OCH;(CF,)sH

%

(OCH,CH,),CeF 13
(C-37)
CeHiz

O\)\
CsHy7

OCH(CF,)sH

HO;8

S,

(C-40)

OC12H25 HOSS\ :: :OCJZHZS
O(CH2)38(CH2)2C6F 13 O(CHz)sO(CH:)2CéF 13

C2Hz50

O(CH,),OCH,(CF,)H

O(CH,),0CH,(CF,)sH  HO38

O(CH;),0CH,(CF,)gH

(OCHCH2)2CsF 13

(€17 (-18)
HO,S HO,S 0C pHas
(OCHCH,)2C6F 13 Q
(OCH,CHy)CeF 3
(C-20) (€21

[Formula 45]

HO,S. : :O(CHZ)ZOCHZ(CFZ)GH HO,S. : j(OCHZCHz)ZC‘;Fg
(OCH,CH,)2CyFyg O(CH;),0CH,(CF,)sH.

(C-23) (C-24)
(OCH,CHy),CsF 13 HO3S\©iO(CH2)ZOCHZ(CF2)5H
O(CH,),OCH,(CFy)sH (OCH,CH,)2CgF 13
(C-26) (C-27)
HOsS O(CH,),OCH,(CF;)sH HO3S \(:[ (OCH,CH,;),C4Fy
(OCHCH)2CeF )3 OCH,(CF,)¢H
(C-29) (C-30)
HO,S (OCHCHa),C4Fo HO5S OCH,(CFy)gH
OCH,(CFy)sH (OCH,CH,),C4Fy
(€-32) (C-33)
HO;3S.< : :OCHZ(CFZ)GH HOsS. : i(OCHZ(:HZ)chF13
(OCH,CH,),C¢F 3 OCH,(CF,)gH
(C-35) (C-36)
HO;S 0C),Hss HO,S OC >Hys
: :OCHZ(CFZ)SH O(CH,),OCH,(CF,)gH
(C-38) (C-39)
CeHy3
HO,S o\/l\
\(:[ CgH ;7
O(CH,),OCH,(CF;)sH

(C-41)
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CO2(CH2)2C6F 13
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-continued
[Formula 46]
CO,(CH;)2C4Fg CO,(CH,)2C6F 13

NaO3S NaO3$ NaOs8
COLCH(CFs)gH COLCH(CFs)gH COC s
(C-42) (C-43) (C-44)
CO,(CH2)2C6F 3
NaOs$

o,
CsHj7
CeHys
(C-45)

[0115] The air-interface vertical alignment promoter is
desirably selected from compounds having a fluoroaliphatic
group and at least one hydrophilic group selected from the
group consisting of a carboxyl group (—COOH), a sulfo
group (—SO;H), a sulfate group (—OSO;H), a phosphonoxy
group {—OP(=0)(OH),}, and salts thereof. Such com-
pounds contribute to increasing tilt angles of directors of
rod-like liquid crystalline molecules at an air-interface and to
improving coating property of the composition and, thus, to
reduction of unevenness. The compound having at least one
fluoroaliphatic group and at least one hydrophilic group may
be selected from low-molecular weight or high molecular
weight compounds. The compound may have a polymeriz-
able group, and in such a case, the compound also contributes
to fixing the rod-like molecules in an alignment state.

[0116] The air-interface vertical alignment promoter is
desirably selected from polymers having at least one fluoro-
aliphatic group and at least one hydrophilic group, hereinafter
occasionally referred to as “fluoro-polymer”, or the com-
pounds represented by the formula (2).

[0117] First, the fluoro-polymer, which can be used in the
present invention, will be described in detail.

{Fluoro-Polymer)

[0118] The composition of the present invention may com-
prise a fluoro-polymer having a fluoroaliphatic group and at
least one hydrophilic group selected from the group consist-
ing of a carboxyl group (—COOH), a sulfo group (—SO;H),
a sulfate group (—OSO,H), a phosphonoxy group {—OP
(=0)(OH),}, and salts thereof, as an air-interface vertical
alignment promoter. Various polymer types are described on
pages 1 to 4 in “Revision Chemistry of Polymer Synthesis
(Kaitei Porimar Gousei no Kagaku)” written by OHTSU
TAKAYUKI and published by Kagaku-Dojin Publishing
Company, Inc in 1968, and the fluoro-polymer may be
selected the described polymer types such as polyolefins,
polyesters, polyamides, polyimides, polyurethanes, polycar-
bonates, polysulfones, polyethers, polyacetals, polyketones,
polyphenylene-oxides, polyphenylene-sulfides, polyary-
lates, PTFEs, polyvinylidene-fluorides or cellulose deriva-
tives. The fluoro-polymer is desirably selected from polyole-
fins.

[0119] The fluoro-polymer to be employed in the present
invention has a fluoro-aliphatic group in side chain. The car-
bon number of the fluoro-aliphatic group is desirably from 1
to 12 and more desirably from 6 to 10. The aliphatic group
may have a chain or cyclic structure, and the chain structure
may be linear or branched. Among those, linear Cq_,, fluoro-
aliphatic groups are preferred. The fluorine-substitution
degree of the fluoro-aliphatic group is desirably decided,
however not to be limited to, such that not less than 50%,
more desirably not less than 60%, of all carbon atoms in the
corresponding aliphatic group are replaced with fluorine
atoms. The fluoro-aliphatic group in side chain may bind to a
main chain through a linking group such as an ester linkage,
amide linkage, imido linkage, urethane linkage, urea linkage,
ether linkage, thioether linkage or aromatic ring. The fluoro-
aliphatic group may be derived from a fluoro aliphatic com-
pound prepared by a telomerization method, occasionally
referred to as telomer method, or an oligomemerization,
occasionally referred to as oligomer method. Examples of
preparation of the fluoride-aliphatic compound are described
on pages 117 to 118 in “Synthesis and Function of Fluoride
Compounds (Fussokagoubutsu no Gousei to Kinou)” over-
seen by ISHIKAWA NOBUO and published by CMC Pub-
lishing Co., L'td in 1987; and on pages 747 to 752 in “Chem-
istry of Organic Fluorine Compounds 11, Monograph 187,
Ed by Milos Hudlicky and Attila E. Pavlath, American
Chemical Society 1995; and the like. The telomerization
method is a method for producing a telomer by carrying out
radical polymerization of fluorine-containing compound
such as tetrafluoroethylene in the presence of an alkylhalide
such as iodide, having a large chain-transfer constant number,
as a telogen.

[0120] One example is shown in Scheme-I:

[Formula 47]
[0121]

Scheme 1
R—1I + nFKC==CF, — R—CECkhy I

[0122] The obtained fluorine-terminated telomers are usu-
ally terminal-modified properly as shown in Scheme 2, to
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give fluoro aliphatic compounds. These compounds are, if
necessary, transferred to a desired monomer structure, and
then used for preparing fluoro-aliphatic containing polymers.

[Formula 48]
[0123]
Scheme 2
R—tCF,CF,5—1
p— 1 %CHCHZOH

R—€CF,CF, 35— CH,CH,—1 R—(—CFZCFZ-)n—CHZCH\—/CHz

1 \ O
R=CFRCF5-CHCH,—OH  R—CF,CF,5-CH=CH, —

R—€CF,CF,5—CO,H

[0124] Examples of the fluoro-monomer which can be used
for preparing the fluoro-polymer to be employed in the
present invention include, however not to be limited to, com-
pounds shown below.

[Formula 49]

O—CH,CH, — (CF,CF,),F

F-1
CH3z

O—CH,CH, — (CF>CF,),F

F-2

O_CHchz_(CcmFz)gF

F-3
CH;

o— CHchz - (CF2CF2)3F

F-4

O—CH,— (CFoCF»)3F

WU

F-5
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-continued
CH;

O_CHZ_ (CF2CF2)3F

F-6

(0] _CHchZ - (CF2CF2)4F

F-7
CH.

&

O—CH,CH,— (CF,CF,),F

F-8

O—CH,CH>CH>CH>— (CF>CF)3F

F-9
CH:

iy

(0] _CH2CH2CH2CH2CH2CH2 - (CF2CF2)2F

[Formula 50]

u
N—CH,CH, — (CF>CF,),F

F-11
CH.

iy

)51
N—CH,CH, — (CFCF»),F

F-12

H
N—CH,CH, — (CF,CF,);F

F-13

o
&

H
N—CH,CH, — (CF,CF,);F

N

F-14
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-continued
H
H
ji N_CHz_ (CcmFz)gF
(@)
F-15
CH;
H
:&—N—CHZ— (CF,CE,)sF
@)
F-16
H
H
:;7N—CH2CH2CHZCH2— (CF,CF,)sF
@)
F-17
CH;
H
N—CH,CH,CH,CH,— (CF>CF,);F
o]
F-18
H
H
:§7N—CH2CH2CHZCH2CH2CHZ— (CF,CF,)5F
@)
F-19
CH;
H
N—CH,CH,CH,CH,CH,CH, — (CF>CF),F
F-20

CH3z

N—CH,CH, —(CF>CF,),F

b

CH,

&

CH;

N—CH,CH, — (CF>CF,),F

F-22

CH;

N—CH,CH, —(CF2CF»)3F

F-23

[Formula 51]
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27

-continued
CH;
CH;

N—CH,CH, — (CF5CF»)3F

CH;

N_CHZ_ (CcmFz)gF

F-25
CH.

&

CH;

N_CHZ_ (CF2CF2)3F

F-26

CH;

N— CH,CH,CH,CH, — (CF,CF,)5F

F-27
CH.

iy

CH3z

N—CH,CH,CH,CH,— (CF,CF3)3F

F-28

CH;

F-29
CH.

&

CH;

F-30

CH,CH;

N— CH,CH, — (CF,CF,),F

F-31
CH.

&

CH,CH3

N—CH,CH, — (CF,CF,),F

%

N _CH2CH2CH2CH2CH2CH2 - (CcmFz)gF

N— CH,CH,CH,CH,CH,CH, — (CF,CF,),F

[Formula 52]
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-continued

CH,CH;

N—CH,CH, — (CF>CF,);F

CH.

by

CH,CHj

N _CHchz - (CcmFz)gF

F-34

CH,CH;

N—CH,— (CF,CF5);F

F-35

a
&

CH,CH;

N—CH,— (CF,CF,);F

F-36

CH,CH;

N—CH,CH,CH,CH, — (CF>CF»)3F

F37

o
&

CH,CH;

N—CH,CH,CH,CH, — (CF,CF,);F

F38

CH,CH;

N—CH,CH,CH,CH,CH,CH,— (CF>CF, 3F

F-39
CH.

Iy

CH,CH;

N—CH,CH,CH,CH,CH>CH, — (CF>CF),F

F-40
[Formula 53]
CH,CH,CHj3

N—CH,CH, — (CF2CF»),F

F-41
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-continued
CH;
CH,CH,CH;

N _CHchz - (CcmFz)zF

F-42

CH,CH,CH;

N—CH,CH, — (CF,CF,);F

F-43

CH.

&

CH,CH,CH;

N—CH,CH, — (CF,CF,);F

F-44

CH,CH,CH;,

N—CH,— (CF>CF,);F

F-45
CH.

fio

CH,CH,CH;

N_CHZ_ (CcmFz)gF

F-46

CH,CH,CH;

N— CH,CH,CH,CH, — (CF,CF,)5F

F-47
CH

&

CH,CH,CH;

N—CH,CH,CH,CH, — (CF,CF,);F

F-48

CH,CH,CH;

N _CH2CH2CH2CH2CH2CH2 - (CcmFz)gF

F-49
CH.

iy

CH,CH,CH3

N _CH2CH2CH2CH2CH2CH2 - (CcmFz)zF

o

F-50
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-continued

[Formula 54]

CH,CH,CH,CH3

N—CH,CH, — (CF>CF,),F

F-51
CH,

<o

CH,CH,CH,CH;

N _CH2CH2 - (CcmFz)zF

F-52

CH,CH,CH,CHj

N—CH,CH, — (CF,CF,);F

F-53

a
&

CH,CH,CH,CHj

N—CH,CH, — (CF2CF»)3F

F-54

CH,CH,CH,CH3

N—CH,— (CF,CF,);F

o
&

CH,CH,CH,CH;

N—CH,— (CF,CF,)5F

F-56

CH,CH,CH,CH;

N _CH2CH2CH2CH2 - (CcmFz)gF

F-57
CH.

&

CH,CH,CH,CHj

N—CH,CH,CH,CH, — (CF>CF,)F

F-58

CH,CH,CH,CH3

N—CH,CH,CH,CH,CH>CH>— (CF>CF2)3F

F-59
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-continued
CH;
CH,CH,CH,CHj

N—CH,CH,CH,CH,CH,CH, — (CF,CF,),F

S—CH,CH,— (CF>CF,),F

F-61
CH.

&

S—CH,CH, — (CF5CF,),F

F-62

S—CH,CH, — (CF2CF»)3F

F-63
CH.

&

§—CH,CH, — (CF,CF,);F

F-64

o— CH2 - (CcmFz)zH

WYL

F-65
CH.

&

o— CH2 - (CcmFz)zH

F-66

O—CH,— (CF,CF,);H

F-67
CH.

iy

O_CHZ_ (CF2CF2)3H

4

F-68

[Formula 55]
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-continued
H
o— CHZ_ (CF2CF2)4H
o]
F-69
CHj
O—CH,— (CF,CFy),H
o]

F-70

[0125] One example of the fluoro-polymer which can be
employed in the present invention is selected from copoly-
mers comprising a repeating unit derived from a monomer
having a fluoro-aliphatic group and a repeating unit, having a
hydrophilic group, represented by a formula (1).

[Formula 56]

[0126]
Formula (1)
R? R!
|
R} L—Q
[0127] In the formula (1), R', R? and R? respectively rep-

resent a hydrogen atom or a substituent. Q is a carboxyl group
(—COOH) or a salt thereof, a sulfo group (—SO,H) or a salt
thereof, a sulfate group (——OSO;H) or a salt thereof, or a
phoshonoxy group {—OP(=—O0)(OH), } or a salt thereof. L is
a linking group selected from Linking Group I shown below
or a divalent group consisting of two or more selected from
Linking Group I shown below:

(Linking Group I)

[0128] a single bond, —O—, —CO—, —NR*— (R*is a
hydrogen atom, an alkyl group, an aryl group or an aralkyl
group), —S—, —S0O,—, —P(—0)(OR*)—(R® is an alkyl
group, an aryl group or aralkyl group), an alkylene group and
arylene group.

[0129] In the formula (1), R', R* and R, respectively rep-
resent a hydrogen atom or a substituent selected from Sub-
stituent Group Y shown below:

(Substituent Group Y)

[0130] an alkyl group (desirably C,_,,, more desirably
C,.1» and much more desirably C, s alkyl group) such as
methyl, ethyl, isopropyl, tert-butyl, n-octyl, n-decyl, n-hexa-
decyl, cyclopropyl, cyclopentyl or cyclohexyl; an alkenyl
group (desirably C,_,,, more desirably C,_,, and much more
desirably C,_g alkenyl group) such as vinyl, allyl, 2-butenyl or
3-pentenyl; an alkynyl group (desirably C,_,,, more desirably
C,_,, and much more desirably C,_g alkynyl group) such as
propargyl or 3-pentynyl; an aryl group (desirably Cg_5,, more
desirably Cg_,, and much more desirably Cg4_,, aryl group)
such as phenyl, p-methylphenyl or naphthyl; an aralkyl group
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(desirably C,_s,, more desirably C,_,, and much more desir-
ably C,_, , aralkyl group) such as benzyl, phenethyl or 3-phe-
nylpropyl; a substituted or unsubstituted amino group (desir-
ably C,_,,, more desirably C,_,, and much more desirably
Cy.¢ amino group) such as unsubstituted amino, methy-
lamino, dimethylamino, diethylamino or anilino;

an alkoxy group (desirably C, ,,, more desirably C,_,, and
much more desirably C,_,, alkoxy group) such as methoxy,
ethoxy or butoxy; an alkoxycarbonyl group (desirably C,_,,,
more desirably C,_, s and much more desirably C,_,, alkoxy
carbonyl group) such as methoxycarbonyl or ethoxycarbo-
nyl; an acyloxy group (desirably C,_,,, more desirably C, ;¢
and much more desirably C,_,, acyloxy group) such as
acetoxy or benzoyloxy; an acylamino group (desirably C,_,,,
more desirably C,_ ;4 and much more desirably C,_,, acy-
lamino group) such as acetylamino or benzoylamino; an
alkoxycarbonylamino group (desirably C,_,,, more desirably
C,_,¢ and much more desirably C,_,, alkoxycarbonylamino
group) such as methoxycarbonyl amino; an aryloxycarbony-
lamino group (desirably C,_,,, more desirably C, ;s and
much more desirably C,_,, aryloxycarbonylamino group)
such as phenyloxycarbonyl amino group; a sulfonylamino
group (desirably C,_,,, more desirably C,_; s and much more
desirably C,_,, sulfonylamino group) such as methylsulfony-
lamino group or benzenesulfonylamino group; a sulfamoyl
group (desirably C,_,,, more desirably C,_, ; and much more
desirably C,_; , sulfamoyl group) such as unsubstituted sulfa-
moyl, methylsulfamoyl, dimethylsulfamoyl or phenylsulfa-
moyl; a carbamoyl group (desirably C, ,,, more desirably
C,.; s and much more desirably C,_,, carbamoyl group) such
as unsubstituted carbamoyl, methylcarbamoyl, diethylcar-
bamoyl or phenylcarbamoyl;

an alkylthio group (desirably C, _,,, more desirably C, ;4 and
much more desirably C,_,, alkylthio group) such as meth-
ylthio or ethylthio; an arylthio group (desirably Cg_,,, more
desirably C, s and much more desirably C_,, arylthio
group) such as phenylthio; a sulfonyl group (desirably C, ,,,
more desirably C, _, ; and much more desirably C, _, , sulfonyl
group) such as mesyl or tosyl; a sulfinyl group (desirably
C, 50, more desirably C,_, 4 and much more desirably C,_,,
sulfinyl group) such as methane sulfinyl or benzenesulfinyl;
an ureido group (desirably C,_,,, more desirably C,_;, and
much more desirably C, |, ureido group) such as unsubsti-
tuted ureido, methylureido or phenylureido; a phosphoric
amide (desirably C, _,,, more desirably C, _; ; and much more
desirably C, _; , phosphoric amide) such as diethylphosphoric
amide or phenylphosphoric amide; a hydroxy group, a mer-
capto group, a halogen atom such as fluorine, chlorine, bro-
mine or iodine; a cyano group, a sulfo group, a carboxyl
group, a nitro group, a hydroxamic acid group, a sulfino
group, a hydrazino group, an imino group, a hetero cyclic
group (desirably C, _;, and more desirably C,_, , heterocyclic
group comprising at least one hetero atom such as nitrogen,
oxygen or sulfur) such as imidazolyl, pyridyl, quinolyl, furyl,
piperidyl, morpholino, benzoxazolyl, benzimidazolyl or ben-
zthiazolyl; and a silyl group (desirably C;_,,, more desirably
C;_30 and much more desirably C,_,, silyl group) such as
trimethylsilyl or triphenylsilyl. These substituents may be
substituted by at least one substitutent selected from these.
When two substituents are selected, they may be same or
different each other. Two or more may, if possible, bond each
other to form a ring.

[0131] Itis preferred that R', R and R? respectively repre-
sent a hydrogen atom, an alkyl group, a halogen atom (such as
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fluorine, chlorine, bromine or iodine) or a group represented
by -L-Q described later; more preferred that R, R* and R>
respectively represent a hydrogen atom, a C,_¢ alkyl group,
chlorine or a group represented by -L-Q described later; much
more preferred that R', R and R? respectively represent a
hydrogen atom or a C,_, alkyl group; further much more
preferred that R*, R? and R? respectively represent a hydrogen
atom or aC,_, alkyl group; and most preferred that R* and R?
are hydrogen and R' is hydrogen or methyl. Examples of the
alkyl group include methyl, ethyl, n-propyl, n-butyl and sec-
butyl. The alkyl group may have any substituent. Examples of
the substituent include a halogen atom, an aryl group, a het-
erocyclic group, an alkoxyl group, an aryloxy group, an alky-
Ithio group, an arylthio group, an acyl group, a hydroxy
group, an acyloxy group, an amino group, an alkoxycarbonyl
group, an acylamino group, an oxycarbonyl group, a carbam-
oyl group, a sulfonyl group, a sulfamoyl group, a sulfonamido
group, a sulfonyl group and a carboxyl group. It is noted that
when the alkyl group has any substituent, the carbon atom
number of the alkyl group, described above, is the number of
the carbon atoms included in the only alkyl group, and the
carbon atoms included in the substituent are not counted.
Numbers of carbon atoms included in the other groups
described later are defined as same as that of the alkyl group.

[0132] L isadivalent linking group selected from the above
defined group or any combination of two or more selected
from the above identified group. The R* in —NR*—
described above represents a hydrogen atom, an alkyl group,
an aryl group or an aralkyl group, and desirably a hydrogen
atom or an alkyl group. And the R® in —PO(OR®)— repre-
sents an alkyl group, an aryl group or an aralkyl group, and
desirably an alkyl group. When R* or R® is an alkyl group, an
aryl group or an aralkyl group, the desired carbon numbers of
them are same as those described in Substituent Group Y. L
desirably contains a single bond, —O—, —CO—, —NR*—,
—S—, —SO,—, an alkylene group or arylene group; more
desirably contains a single bond, —CO—, —O—, —NR*—,
an alkylene group or an arylene group; and much more desir-
ably represents a single bond. When L contains an alkylene
group, the carbon atom number of the alkylene group is
desirably from 1 to 10, more desirably from 1 to 8 and much
more desirably from 1 to 6. Preferred examples of the alky-
lene group include methylene, ethylene, trimethylene, tet-
rabutylene and hexamethylene. When L contains an arylene
group, the carbon atom number of the arylene group is desir-
ably from 6 to 24, more desirably from 6 to 18 and much more
desirably from 6 to 12. Preferred examples of the arylene
group include phenylene and naphthalene. When L contains a
divalent linking group consisting of a combination of an
alkylene group and an arylene group, or in other words an
aralkyl group, the carbon atom number in the aralkyl group is
desirably from 7 to 34, more desirably from 7 to 26 and much
more desirably from 7to 16. Preferred examples of the aralkyl
group include phenylene methylene, phenylene ethylene and
methylene phenylene. L may have any substituent. Examples
of the substituent are same as those exemplified for the sub-
stituent of R', R? or R>.

[0133] Examples of L include, however not to be limited to,
those shown below.

[Formula 57]
L-1

(single bond)
L-2
—COO—tCH )57~

-continued
—CO0—+CH, 35—
—COO—CH, -)5—
——COO—tCHyF—
—COO—tCH, 71—

CH;

——COO0—+CH, 95~ CHCH,—
—CONH—¢CH 95—
—CONH—¢CH, 45—

CH;

—CON—¢CHy—

——CONH—¢CH, 47~

~ -
)

[Formula 58]

—C00
—— CONH
——COOCH,CH,0CH, —
——COO—¢t CH,CH,095—CH,—
——CONH

OCH,—
——CONH

SO,NHCH,CH,—

4©7CH2_
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L-3

L-4

L-5

L-6

L-7

L-8

L-9

L-11

L-12

L-14

L-20
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-continued
L-21
O L-22

—@— OCH,CH,—

L-23
——CO0O— CH,CH,0CO

L-24
O OCH,CH,NHCOCH,CH,—

L-25

1-26
—tCHy 95—

L-27

—O0—tCH,37-0—CH,—

[0134] Inthe formula (1), Qrepresents a carboxyl group or
a carboxylate such as lithium carboxylate, sodium carboxy-
late, potassium carboxylate, ammonium carboxylate (for
example, unsubstituted ammonium carboxylate, tetramethy-
lammonium carboxylate, trimethyl-2-hydroxyethylammo-
nium carboxylate, tetrabutylammonium carboxylate, trim-
ethylbenzylammonium carboxylate or
dimethylphanylammonium carboxylate) or pyridinium car-
boxylate; a sulfo group or a sulfate (examples of a counter
cation are same as those exemplified for the carboxylate
above); or a phosphonoxy group or a phosphonoxylate (ex-
amples of a counter cation are same as those exemplified for
the carboxylate above). Q is desirably a carboxyl group, a
sulfo group or a phosphonox group, and more desirably a
carboxyl group or a sulfo group.

[0135] The fluoro-polymer may comprise one repeating
unit selected from the formula (1), or plural repeating units
selected from the group (1). The fluoro-polymer may further
comprise at least one repeating unit other than those
described above. The other repeating unit is not limited and is
desirably selected from units derived from monomers capable
of usual radical polymerization. Examples of the monomer
which can give the other repeating unit include, however not
to be limited to, those shown below. The fluoro-polymer may
comprise one repeating unit or plural repeating units selected
from those shown below.

(Monomer Group)
[0136] (1) Alkenes:
[0137] ethylene, propylene, 1-buten, isobuten, 1-hexene,

1-dodecene, 1-octadecene, 1-eicocene, hexafluoropropene,
vinylidene fluoride, chlorotrifluoroethylene, 3,3,3-trifluoro-
propylene, tetrafluoroethylene, vinyl chloride, vinylidene
chloride or the like;
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[0138] (2) Dienes:

[0139] 1,3-butadinene, isoprene, 1,3-pentadiene, 2-ethyl-
1,3-butadiene, 2-n-propyl-1,3-butadiene, 2,3-dimethyl-1,3-
butadiene, 2-methyl-1,3-pentadiene, 1-phenyl-1,3-butadi-
ene, 1-a-naphtyl-1,3-butadiene, 1-f-naphtyl-1,3-butadiene,
2-chloro-1,3-butadiene, 1-bromo-1,3-butadiene, 1-chlorob-
utadiene, 2-fluoro-1,3-butadiene, 2,3-dichloro-1,3-butadi-
ene, 1,1,2-trichloro-1,3-butadiene, 2-cyano-1,3-butadiene,
1,4-divinyl cyclohexane or the like;

[0140] (3) a,B-Unsaturated Carboxylic Acid Derivatives:
[0141] (3a) Alkyl Acrylates:

[0142] methyl methacrylate, ethyl acrylate, n-propyl acry-
late, isopropyl acrylate, n-butyl acrylate, isobutyl acrylate,
sec-butyl acrylate, tert-butyl acrylate, amyl acrylate, n-hexyl
acrylate, cyclohexyl acrylate, 2-ethylhexyl acrylate, n-octyl
acrylate, tert-octyl acrylate, dodecyl acrylate, phenyl acry-
late, benzyl acrylate, 2-chloroethyl acrylate, 2-bromoethyl
acrylate, 4-chlorobutyl acrylate, 2-cyanoethyl acrylate, 2-ac-
etoxyethyl acrylate, methoxybenzyl acrylate, 2-chlorocyclo-
hexyl acrylate, furfuryl acrylate, tetrahydrofurfuryl acrylate,
2-methoxyethyl acrylate, m-methoxy polyethyleneglycol
acrylate (having additional molar number, n, of 2 to 100),
3-methoxybutyl acrylate, 2-ethoxyethyl acrylate, 2-butoxy-
ethyl acrylate, 2-(2-butoxyethoxy)ethyl acrylate, 1-bromo-2-
methoxyethyl acrylate, 1,1-dichloro-2-ethoxyethyl acrylate,
glycidyl acrylate or the like;

[0143] (3b) Alkyl Methacrylates:

[0144] methyl methacrylate, ethyl methacrylate, n-propyl
methacrylate, isopropyl methacrylate, n-butyl methacrylate,
isobutyl methacrylate, sec-butyl methacrylate, tert-butyl
methacrylate, amyl methacrylate, n-hexyl methacrylate,
cyclohexyl methacrylate, 2-ethylhexyl methacrylate, n-octyl
methacrylate, stearyl methacrylate, benzyl methacrylate,
phenyl methacrylate, allyl methacrylate, furfuryl methacry-
late, tetrahydrofurfuryl methacrylate, crezyl methacrylate,
naphthyl methacrylate, 2-methoxyethyl methacrylate,
3-methoxybutyl methacrylate, w-methoxypolyethylenegly-
col methacrylate (having additional molar number, n, of 2 to
100), 2-acetoxyethyl methacrylate, 2-ethoxyethyl methacry-
late, 2-butoxyethyl methacrylate, 2-(2-butoxyethoxy)ethyl
methacrylate, glycidyl methacrylate, 3-trimethoxysilylpro-
pyl methacrylate, allyl methacrylate, 2-isocyanate ethyl
methacrylate or the like;

[0145] (3c) Diesters of Unsaturated Polycarboxylic Acids:
[0146] dimethyl maleate, dibutyl maleate, dimethyl itacon-
ate, dibutyl itaconate, dibutyl crotonate, dihexyl crotonate,
diethyl fumarate, dimethyl fumarate or the like;

(3d) Amides of o, 3-Unsaturated Carboxylic Acids:

[0147] N,N-dimethyl acrylamide, N,N-diethyl acrylamide,
N-n-propyl acrylamide, N-tert-butyl acrylamide, N-tert-octyl
acrylamide, N-cyclohexyl acrylamide, N-phenyl acrylamide,
N-(2-acetoacetoxyethyl)acrylamide, N-benzyl acrylamide,
N-acryloyl morpholine, diacetone acrylamide, N-methyl
maleimide or the like;

[0148] (4) Unsaturated Nitriles:

[0149] acrylonitrile, methacrylonitrile or the like;

[0150] (5) Styrene or Derivatives Thereof:

[0151] styrene, vinyltoluene, ethylstyrene, p-tert-butylsty-

rene, p-vinyl methyl benzoate, a-methyl styrene, p-chlorom-
ethyl styrene, vinyl naphthalene, p-methoxy styrene, p-hy-
droxy methyl styrene, p-acetoxy styrene or the like;
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[0152] (6) Vinyl Esters:

[0153] vinyl acetate, vinyl propanate, vinyl butyrate, vinyl
isobutyrate, vinyl benzoate, vinyl salicylate, vinyl chloroac-
etate, vinyl methoxy acetate, vinyl phenyl acetate or the like;
[0154] (7) Vinyl ethers:

[0155] methyl vinyl ether, ethyl vinyl ether, n-propyl vinyl
ether, isopropyl vinyl ether, n-butyl vinyl ether, isobutyl vinyl
ether, tert-butyl vinyl ether, n-pentyl vinyl ether, n-hexyl
vinyl ether, n-octyl vinyl ether, n-dodecyl vinyl ether, n-eico-
syl vinyl ether, 2-ethylhexyl vinyl ether, cyclohexyl vinyl
ether, fluorobutyl vinyl ether, fluorobutoxyethyl vinyl ether or
the like; and

[0156] (8) Other Monomers

[0157] N-vinyl pyrrolidone, methyl vinyl ketone, phenyl
vinyl ketone, methoxy ethyl vinyl ketone, 2-vinyl oxazoline,
2-isopropenyl oxazoline or the like.

[0158] The amount of the monomer containing a fluoro
aliphatic group is desirably not less than 5 mass %, more
desirably not less than 10 mass %, and much more desirably
not less than 30 mass % with respect to the total amount of all
monomers constituting the fluoro-polymer. The amount of
the repeating unit represented by the formula (1) is desirably
not less than 0.5 mass %, more desirably from 1 to 20 mass %
and much more desirably from 1 to 10 mass % with respect to
the total amount of all monomers constituting the fluoro-
polymer. The preferred range of the mass percent may easily
vary with a molecular weight of a monomer to be used, and
thus, the preferred range of a molar number of a function
group per unit weight may more properly define a preferred
range of an amount of the repeating unit represented by the
formula (1). Using the molar number, the preferred amount of
a hydrophilic group (Q in the formula (1)) contained in the
fluoro-polymer is from 0.1 pmol/g to 10 mmol/g and the more
preferred amount is from 0.2 mmol/g to 8 mmol/g.

[0159] The weight-average molecular weight (Mw) of the
fluoro-polymer to be used in the present invention is desirably
not greater than 1,000,000, more desirably not greater than
500,000, much more desirably not greater than 100,000 and
mot desirably not less than 2,000 and not greater than 50,000.
The Mw can be measured as a polystyrene (PS) equivalent
molecular weight with gel permeation chromatography
(GPC).

[0160] Examples of the method for producing the fluoro-
polymer include, however not to be limited to, a radical-
polymerization or a cation-polymerization employing a vinyl
group and an anion-polymerization, and among them, a radi-
cal-polymerization is preferred since it is common. Known
radical thermal or radical photo polymerization initiators may
be used in the process for producing the fluoro-polymer.
Especially, radical thermal polymerization initiators are pre-
ferred. It is noted that a radical thermal polymerization is a
compound capable of generating radicals when being heated
at a decomposition temperature or a higher temperature than
it. Examples of the radical thermal polymerization include
diacyl peroxides such as acetyl peroxide or benzoyl peroxide;
ketone peroxides such as methyl ethyl ketone peroxide or
cyclohexanone peroxide; hydro peroxides such as hydrogen
peroxide, tert-butylhydro peroxide or cumenehydro perox-
ide; dialkyl peroxides such as di-tert-butylperoxide, dicumyl
peroxide or dilauroyl peroxide; peroxy esters such as tert-
butylperoxy acetate or tert-butylperoxy pivalate; azo-based
compounds such as azo bis iso-butylonitrile or azo bis iso-
valeronitrile and persulfates such as ammonium persulfate,
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sodium persulfate or potassium persulfate. A single polymer-
ization initiator may be used, or plural types of polymeriza-
tion initiators may be used in combination.

[0161] The radical polymerization may be carried out
according to any process such as an emulsion polymerization,
dispersion polymerization, a bulk polymerization or a solu-
tion polymerization process. One of the typical radical poly-
merization may be carried out according to a solution poly-
merization, and is more specifically described below. The
details of other polymerization processes are as same as those
described below, and for details, it is possible to refer to
“Experimental Methods of Polymer Science (Kohbunshi
kagaku jikkenn-hoh)” published by TOKYO KAGAKU
DOZIN CO., LTD. in 1981 or the like.

[0162] For solution polymerization, at least one organic
solvent is used. The organic solvent can be selected from any
organic solvents which never limit the purpose or the effect of
the present invention. Organic solvents are usually under-
stood as an organic compound having a boiling point of 50 to
200° C. at atmosphere pressure, and among them, organic
compounds capable of dissolving the components uniformly
are preferred. Preferred examples of the organic solvent
include alcohols such as isopropanol or butanol; ethers such
as dibutyl ether, ethylene glycol dimethyl ether, tetrahydro-
furan or dioxane; ketones such as acetone, methyl ethyl
ketone, methyl isobutyl ketone or cyclohexanone; esters such
as ethyl acetate, butyl acetate, amyl acetate or y-butyrolac-
tone; aromatic hydrocarbons such as benzene, toluene or
xylene. A single organic solvent may be used, or plural types
of the organic solvents may be used in combination. Mixed
solvents which are prepared by mixing at least one organic
solvent and water may also used from the view point of
solubility of monomers to be used or polymers to be pro-
duced.

[0163] The solution polymerization may be carried out,
however not to be limited to, at a temperature of 50 to 200° C.
for a time of 10 minutes to 30 hours. Inert gas purge is
desirably performed before or while carrying out the solution
polymerization to avoid deactivation of the generated radi-
cals. Nitrogen gas is usually used as an inert gas.

[0164] Radical polymerization with at least one chain
transfer agent is useful for producing fluoro-polymers having
a proper molecular weight. Examples of the chain transfer
agent include mercaptans such as octyl mercaptan, decyl
mercaptan, dodecyl mercaptan, tert-dodecyl mercaptan, octa-
decyl mercaptan, thiophenol or p-nonyl thiophenol; polyha-
logenated alkyls such as carbon tetrachloride, chloroform,
1,1,1-trichloroethane or 1,1,1-tribromo octane; and low-ac-
tivity monomers such as a-methyl styrene or o-methyl sty-
rene dimer. Among these, C,_, ; mercaptans are preferred. The
amount of the chain transfer agent to be used should be
precisely controlled depending on an activity thereof, a type
of monomer to be used or polymerization conditions, and is
usually, however not to be limited to, 0.01 to 50 mole %,
desirably from 0.05 to 30 mole % and much more desirably
from 0.08 to 25 mole % with respect to total moles of the
monomers to be used. The timing or the method of addition of
the chain transfer agent is not to be limited subjected to
presence of the chain transfer agent in a polymerization sys-
tem with at least one monomer to be controlled its polymer-
ization degree during polymerization process. The chain
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transfer agent may be added by dissolving in the monomer, or
in other words in the same time as addition of the monomer,
or separately from the addition of the monomer.

[0165] As described above, in order to fix alignments of
molecules liquid-crystal compounds, especially discotic lig-
uid-crystal compounds, the fluoro-polymer desirably has a
polymerizable group as a substituent.

[Formula 59]

CH; CH;

—(—CHZ—T-)a—(-CHz—C-)b—

COOH COOCH,(CF,)6H

a/b = 20/80
Mw = 23000

CH;
—¢CH,—Cy—tCH,—CH9~

COOH COOCH,CH,C4F,

a/b = 20/80
Mw = 38000

CH;
—(—CHZ—T-)a—(-CHZ—TH-)b—

COOH COOCH,CH,CgFy3

a/b =10/90
Mw = 22000

CH;
—¢CH,—Cy———¢CH,—CH3—~

CONHCH,COOH  COOCH,(CF)H

a/b = 10/90
Mw = 22000

[Formula 60]

N
—¢CH,—CHy——+CH,—C—

COOCH,CH,COOH COOCH,(CF,)6H

a/b =15/85
Mw = 22000

CH;
—¢CH,—Cy—————————€CH,—CHy—

COOCH,(CF,)gH
CONH—CH, 37— COOH

a/b =10/90
Mw = 26000

34

P-1

P-3

P-5

P-8

P-10
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[0166] Examples of the fluoro-polymer which can be used
desirably in the present invention include, however not to be
limited to, those shown below. Numerical values in formulae
shown below mean mass % of each monomer, and Mw in
formulae shown below mean PS-equivalent weight-average
molecular weight measured by GPC. In the formulae, “a”,
“b”, “c”, “d” and the like mean weight ratios.

P-2
—+CH,—CHy—+CH,—CHJ—
COOH COOCH,(CF»)6H
a/b=15/85
Mw = 33000
P-4
CH; CH;
—¢tCH—Cy—tCH,—C97—
COOH COOCH,CH,C4F,
alb=15/85
Mw = 51000
P-6
CH;
—(—CHZ—CH-)H—(-CHZ—T-)b—
COOCH,COOH ~ COOCH,(CF,)¢H
a/b = 10/90
Mw = 35000
P-7
P-9
CH;
—¢CH,—CHy—————CH,—CI7—
COO—¢CH,35—COOH  COOCH,(CF,)sH
a/b = 20/80
Mw = 33000
P-11
—¢CH—CHy——————¢CH,—CH3;—
COOCH,(CFy)gH
CONH COOH
a/b = 20/80
Mw = 29000



COOCH,CH,(CF,)4F COOCH,CH,OH COOCH,(CF)6H COOH

a/b/c/d = 10/9/1/80
Mw = 15000
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-continued
P-12 P-13
CH; CH;
—¢CH,—CH3~ € CHy—CHr— —¢CH,— (39— CH,—CH—
| _CH,COOH
COOCH,(CF2)gH CONZ_ COOCH,(CF,)gH
COOCH,CH,0CO CH,COOH
a/lb =5/95
Mw = 21000
COOH
a/b =15/85
Mw = 51000
[Formula 61]
P-14 P-15
N N N &
—¢CH,—Cy——CH,—CHy—CH,—Cy— —¢CH,—C~ £ CH,—CHy— CH,—Cy—
COOCH,CH,0H COOH COOCH,(CF,)gH COOCH,CH,0H COOH COOCH,(CF,)¢H
a/b/e = 30/5/65 a/ble = 15/5/80
Mw = 31000 Mw = 19000
P-16
CH; TH;
—¢tCH—C———¢ CH,—CH3—¢ CH,—Cy—
COOCH,CH,0H COOH COOCH,CH,C4Fy
alb/e =25/5/70
Mw = 15000
P-17
CH; CH; (|2H3
—¢CH, —Cy———¢ CH,—CH 37— CH,—Cy——— CH,— C—
COOCH,CH,0H COOH COOCH,(CFy)¢H  COOC j5H,5®
a/b/e/d = 25/5/50/20
Mw = 42000
P-18
CH; CH;
—¢CH, —C9—FCH,—CH3t—¢ CH, —C3——¢CH, CHy—
COOCH,CH,OH COOH COOCH,CH,(CF>)¢F COO(C3H¢O)sH
a/b/e/d = 15/5/40/40
Mw = 14000
P-19
—(—CHZ—?H-)a—fCHz—CH-)b—(-CHz—CH-)C—
COOH COO(C3Hg0)sH COOCH,CH,(CF)F
a/b/c = 5/55/40
Mw = 15000
[Formula 62]
P-20
CH; THg
—¢CH,—Cy——tCH,—Cp—
COO(CH,)4S03Na  COOCH,(CF,)gH
a/b = 35/65
Mw = 24000
P-21
CH;
—¢CH,—CH9- £ CHy—C 39— CH, —CHy——+CH,—CHy—
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-continued
P-22
CH;
—+CH,—CH3y—+CH,—C3p—¢ CH, —CH3—
COOH COOCH,CH,0OH COOCH,(CF,)H
a/b/c = 5/15/80
Mw = 14000
P-23
CH; CH;
—+CH,—C—+CH,—CH; £ CH—Cy—
/OH
COOCH,CH,0H COOCHZCHZOﬁ\ COOCH,(CF,)sH
OH
(@]
a/ble=23/7/70
Mw = 46000
P-24
—CH, —CHy——¢ CH,—CH3;—¢ CH,—CH—
COOCH,CH,OH COOH COOCH,(CF,)6H
a/b/c = 15/5/80
Mw = 18000
[Formula 63]
P-25 P-26
—¢CH, —CHy—¢CH,—CH¥— —¢CH,—CHy—¢CH,—CH¥—
COOCH,(CF,)¢H COOCH,CH,C4Fy
SO;H SO;H
a/b =10/90 a/b =35/65
Mw = 33000 Mw = 25000

[0167] The preferred amount of the fluoro-polymer in the
composition may vary with its application, when the compo-
sition is used for production of an optically anisotropic layer,
the amount of the fluoro-polymer is desirably from 0.005 to 8
mass %, more desirably from 0.01 to 5 mass % and much
more desirably from 0.05 to 1 mass % with respect to the total
mass of the composition (when the composition is a solution,
the solvent is excluded). When the amount of the fluoro-
polymer falls within the above scope, substantial effects may
be obtained without lowering a drying property of the coating
layer, and, thus, an optical film having uniform optical prop-
erties such as retardation.

[0168] Next, the fluoride-compound represented by the for-
mula (2) will be described in detail.

{Fluoride-Compound Represented by Formula (2))

[0169]
(R9),,-L-(W), Formula (2)
[0170] wherein R° denotes an alkyl group, an alkyl group

having a terminal CF; group, or an alkyl group having a
terminal CHF, group; m denotes an integer greater than or
equal to 1, where multiple occurrences of R° may be identical
or different, with at least one denoting an alkyl group having
aterminal CF, group or a terminal CHF, group; L° denotes a
linking group of valence (m+n); W denotes a carboxyl group
(—COOR) or a salt thereof, a sulfo group (—SO;H) or a salt
thereof, a sulfate group (—OSO;H) or a salt thereof, or a

phosphonoxy group {—OP(—O0)(OH),} or a salt thereof;
and n denotes an integer greater than or equal to 1.

[0171] Inthe formula (2), R° functions as the hydrophobic
group. The alkyl group denoted by R is optionally substi-
tuted, may have a straight chain or branching chain, desirably
has from 1 to 20 carbon atoms, preferably has from 4 to 16
carbon atoms, and more preferably has from 6 to 16 carbon
atoms. Any of the substituents given as examples for substitu-
ent selected from the Substituent Group D further below may
be employed as substituents therein.

[0172] The alkyl group having a terminal CF; group
denoted by R° desirably has from 1 to 20 carbon atoms,
preferably from 4 to 16 carbon atoms, and more preferably
from 4 to 8 carbon atoms. The alkyl group having a terminal
CF, group is an alkyl group in which part or all of the hydro-
gen atoms have been substituted with fluorine atoms. At least
50 percent of the hydrogen atoms in the alkyl group are
desirably substituted with fluorine atoms, with at least 60
percent substitution being preferred and at least 70 percent
substitution being of even greater preference. The remaining
hydrogen atoms may be further substituted with the substitu-
ents given as examples of substituent selected from the Sub-
stituent Group D further below. The alkyl group having a
terminal CHF, group denoted by R° desirably has from 1 to
20 carbon atoms, preferably from 4 to 16 carbon atoms, and
more preferably from 4 to 8 carbon atoms. In the alkyl group
having a terminal CHF, group denoted by R°, at least 50
percent of the hydrogen atoms in the alkyl group are desirably
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substituted with fluorine atoms, with 60 percent or more
substitution being preferred and 70 percent or more substitu-
tion being of even greater preference. The remaining hydro-
gen atoms may be further substituted with the substituents
given as examples of substituent selected from the Substitu-
ent Group D further below. Examples are given below of the
alkyl group having a terminal CF; group and the alkyl group
having a terminal CHF, denoted by R°.

[0173] RO:n-CgF ,—

[0174] R2m-C,F ,—

[0175] R3:n-C,Fo—

[0176] R4:n-CiF,,—(CH,),—
[0177] RS5:-CiF,;—(CH,),—
[0178] R6:n-C,Fo—(CH,),—
[0179] R7:H—(CF,)s—

[0180] R8:H—(CF,)s—

[0181] R9:H—(CF,),—

[0182] R10:H—(CF,)s—(CH,)—
[0183] R11:H—(CF,)s—(CH,)—
[0184] R12:H—(CF,),—(CH,)—
[0185] In the formula (2), the linking group of valence

(m+n) denoted by L.° is desirably a combination of at least two
groups selected from the group consisting of alkylene groups,
alkenylene groups, (m+n) valence aromatic groups, bivalent
heterocyclic residues, —CO—, —NR— (where R denotes an
alkyl group having from 1 to 5 carbon atoms or a hydrogen
group), —O—, —S—, —SO—, and —SO,—.

[0186] In formula (2), W denotes a carboxyl group
(—COOH) or a salt thereof, a sulfo group (—SO,H) or a salt
thereof, a sulfate group (—OSO;H) or a salt thereof, or a
phosphonoxy group {—OP(—O0)(OH),} or a salt thereof.
The preferred scope of W is same as that of Q in the formula
D.

[0187] Among the compounds represented by the formula
(2), the compounds represented by a formula (2a) or a for-
mula (2b) described below are preferred.

[Formula 64]

[0188]
Formula (2a)
(0]
RS Wl
o
R"/O w2
o
[0189] Inthe formula(2a), R® and R® respectively denote an

alkyl group, an alkyl group having a terminal CF; group oran
alkyl group having a terminal CF, group, and, however, they
do not simultaneously denote alkyl groups. W' and W?
respectively denote hydrogen atoms, a carboxyl group
(—COOR) or a salt thereof, a sulfo group (—SO,H) or a salt
thereof, a sulfate group (—OSO;H) or a salt thereof, a
phosphonoxy group {—OP(—O)(OH), } or a salt thereof, or
an alkyl group, an alkoxy group or an alkylamino group
having a carboxyl group, a sulfo group, a sulfate group or a
phosphonoxy group. However, W' and W* do not simulta-
neously denote hydrogen atoms.
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[0190] R® and R are identically defined with R® in the
formula (2) above, and their preferred scopes are identical.
The carboxyl group (—COOH) or the salt thereof, the sulfo
group (—SO;H) or the salt thereof, the sulfate group
(—OSO,H) or the salt thereof or the phosphonoxy group
{—OP(=0)(OH), } or the salt thereof denoted by W' and W?
are identically defined with the hydrophilic groups denoted
by W in the formula (2) above, and their preferred scopes are
identical. The alkyl groups having the hydrophilic group
denoted by W' and W? may have straight or branching chains.
They are desirably alkyl groups having from 1 to 20 carbon
atoms, preferably alkyl groups having from 1 to 8 carbon
atoms, and more preferably, alkyl groups having from 1 to 3
carbon atoms. The above-described alkyl group may have at
least one hydrophilic group selected from a carboxyl group, a
sulfo group, a sulfate group and a phosphonoxy group. The
hydrophilic group is identically defined with the hydrophilic
group denoted by W in the formula (2), and their preferred
scopes are identical. The alkyl group having a hydrophilic
group may be substituted with a substituent other than the
hydrophilic group. Any of the substituents selected from the
Substituent Group D further below may be employed as this
substituent group. The alkoxyl groups having the hydrophilic
group denoted by W' and W* may have straight or branching
chains. They are desirably alkoxyl groups having from 1 to 20
carbon atoms, preferably alkoxyl groups having from 1 to 8
carbon atoms, and more preferably, alkoxyl groups having
from 1 to 4 carbon atoms. The above-described alkoxyl group
may have at least one hydrophilic group selected from a
carboxyl group, a sulfo group, a sulfate group and a phospho-
noxy group. The hydrophilic group is identically defined with
the hydrophilic group denoted by W in the formula (2), and
their preferred scopes are identical. The alkoxyl group having
a hydrophilic group may be substituted with a substituent
other than the hydrophilic group. Any of the substituents
selected from the Substituent Group D further below may be
employed as this substituent group. The alkylamino groups
having the hydrophilic group denoted by W' and W? may
have straight or branching chains. They are desirably alky-
lamino groups having from 1 to 20 carbon atoms, preferably
alkylamino groups having from 1 to 8 carbon atoms, and more
preferably, alkylamino groups having from 1 to 4 carbon
atoms. The above-described alkylamino group may have at
least one hydrophilic group selected from a carboxyl group, a
sulfo group, a sulfate group and a phosphonoxy group. The
hydrophilic group is identically defined with the hydrophilic
group denoted by W in the formula (2), and their preferred
scopes are identical. The alkylamino group having a hydro-
philic group may be substituted with a substituent other than
the hydrophilic group. Any of the substituents selected from
the Substituent Group D further below may be employed as
this substituent group.

[0191] Itis particularly desirable for W* and W? to denote a
hydrogen atom or (CH,), SO;M (where n denotes 0 or 1). M
denotes a cation, but when the charge in the molecule is 0, M
may be absent. Examples of desirable cations denoted by M
include protonium ion, alkali metal ions (lithium ions,
sodium ions, potassium ions, and the like), alkaline earth
metal ions (barium ions, calcium ions, and the like), and
ammonium ions. Among these, protonium ion, lithium ion,
sodium ion, potassium ion and ammonium ion are preferred.

[0192] Next, the formula (2b) will be described in detail.

(R7-LY), o(ArH)—W3 Formula (2b)
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[0193] In the formula (2b), R” denotes an alkyl group, an
alkyl group having a terminal CF; group or an alkyl group
having a terminal CF,H group; m2 denotes an integer greater
than or equal to 1, where multiple occurrences of R” may be
identical or different, with at least one denoting an alkyl group
having a terminal CF; group or a terminal CHF, group; L*
denotes a divalent linking group selected from the group
consisting an alkylene group, an aromatic group, —CO—,
—NR— (R denotes a C, s alkyl group or a hydrogen atom),
—0—, —S—, —SO—, —SO,— and any combination
thereof, where multiple occurrences of L' may be identical or
different; Ar' represents an aromatic hydrocarbon ring resi-
due or an aromatic hetero-ring residue; and W* represents a
carboxyl group (—COOH) or a salt thereof, a sulfo group
(—SO;H) or a salt thereof, a sulfate group (—OSO;H) or a
salt thereof, a phosphonoxy group {—OP(=0)(OH),} or a
salt thereof, or an alkyl group, an alkoxy group or an alky-
lamino group having a carboxyl group, a sulfo group, a sulfate
group or a phosphonoxy group.

[0194] The aromatic hydrocarbon ring residue represented
byAr' is desirably a C,_, , aromatic hydrocarbon ring residue,
and more desirably a benzene ring residue or a naphthalene
ring residue. The aromatic hetero-ring residue represented by
Ar' is desirably an aromatic hetero-ring residue, in which a
carbon atom and at least one atom selected from nitrogen,
oxygen and sulfur atoms are embedded, such as pyridine ring,
thiophene ring, furan ring and pyrimidine ring residues. As
Ar', the aromatic hydrocarbon ring residue is more preferred;
among those, benzene or naphthalene ring residue is much
more preferred, and benzene ring residue is further much
more preferred.

[0195] R’ is identically defined with R® in the formula (2)
above, and their preferred scopes are identical. L' is desirably
a Cy_40 linking group selected from the group consisting of a
C,_,,alkyl group, aC,_, , aromatic group, —CO—, —NR—,
—0—, —S—, —SO—, —SO,— and any combination
thereof; and more desirably a C,_,, linking group selected
from the group a C,_4 alkyl group, a phenyl group, —CO—,
—NR—, —O—, —S—, —SO,— and any combination
thereof. The carboxyl group (—COOH) or the salt thereof,
the sulfo group (—SO,H) or the salt thereof, the sulfate group
(—OSO;H) or the salt thereof or the phosphonoxy group
{—OP(=0)(OH),} or the salt thereof denoted by W* are
identically defined with the hydrophilic groups denoted by W
in the formula (2) above, and their preferred scopes are iden-
tical. And the alkoxyl, alkoxy and alkylamino group having
the hydrophilic group denoted by W* are identically defined
with those denoted by W* or W?; and their preferred scopes
are identical.

[0196] W? is desirably selected from the group consisting
of a carboxyl group (—COOH) and a salt thereof, a sulfo
group (—SO;H) and a salt thereof, an alkylamino group
having a carboxyl group (—COOH) or a salt thereof and an
alkylamino group having a sulfo group (—SO;H) or a salt
thereof, and more desirably selected from the group consist-
ing of SO;M and CO,M. M represents a cation, but when the
charge in the molecule is 0, M may be absent. Examples of the
cation denoted by M include a protonium ion, alkali metal
ions (lithium ion, sodium ion, potassium ion and the like),
alkaline earth metal ions (barium ions, calcium ions, and the
like), and ammonium ions; and preferred example include a
protonium ion, lithium ion, sodium ion, potassium ion and
ammonium ion.
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[0197] In the present Description, Substituent Group D
includes:
[0198] alkyl groups (desirably alkyl groups having from 1

to 20 carbon atoms, preferably having from 1 to 12 carbon
atoms, and more preferably having from 1 to 8 carbon atoms;
examples are methyl, ethyl, isopropyl, tert-butyl, n-octyl,
n-decyl, n-hexadecyl, cyclopropyl, cyclopentyl, and cyclo-
hexyl); alkenyl groups (desirably alkenyl groups having from
2 to 20 carbon atoms, preferably from 2 to 12 carbon atoms,
and more preferably having from 2 to 8 carbon atoms;
examples are vinyl, allyl, 2-butenyl, and 3-pentenyl); alkinyl
groups (desirably alkinyl groups having from 2 to 20 carbon
atoms, preferably from 2 to 12 carbon atoms, and more pref-
erably from 2 to 8 carbon atoms; examples are propargyl and
3-pentinyl); aryl groups (desirably aryl groups having from 6
to 30 carbon atoms, preferably having from 6 to 20 carbon
atoms, and more preferably having from 6 to 12 carbon
atoms; examples are phenyl, p-methylphenyl, and naphthyl);
optionally substituted amino groups (desirably amino groups
having from 0 to 20 carbon atoms, preferably having from 0
to 10 carbon atoms, and more preferably having from O to 6
carbon atoms; examples are unsubstituted amino, methy-
lamino, dimethylamino, diethylamino and dibenzylamino);

alkoxy groups (desirably alkoxy groups having from 1 to 20
carbon atoms, preferably having from 1 to 12 carbon atoms,
and more preferably having from 1 to 8 carbon atoms;
examples are methoxy, ethoxy, and butoxy); aryloxy groups
(desirably aryloxy groups having from 6 to 20 carbon atoms,
preferably having from 6 to 16 carbon atoms, and more pref-
erably having from 6 to 12 carbon atoms; examples are phe-
nyloxy and 2-naphthyloxy), acyl groups (desirably acyl
groups having from 1 to 20 carbon atoms, preferably having
from 1 to 16 carbon atoms, and more preferably having from
1 to 12 carbon atoms; examples are acetyl, benzoyl, formyl,
and pivaloyl); alkoxycarbonyl groups (desirably alkoxycar-
bonyl groups having from 2 to 20 carbon atoms, preferably
having from 2 to 16 carbon atoms, and more preferably hav-
ing from 2 to 12 carbon atoms; examples are methoxycarbo-
nyl and ethoxy carbonyl); aryloxycarbonyl groups (desirably
aryloxycarbonyl groups having from 7 to 20 carbon atoms,
preferably having from 7 to 16 carbon atoms, and more pref-
erably having from 7 to 10 carbon atoms; examples include
phenyloxycarbonyl); acyloxy groups (desirably acyloxy
groups having from 2 to 20 carbon atoms, preferably having
from 2 to 16 carbon atoms, and more preferably having from
2to 10 carbon atoms; examples are acetoxy and benzoyloxy);
acylamino groups (desirably acylamino groups having from 2
to 20 carbon atoms, preferably having from 2 to 16 carbon
atoms, and more preferably having from 2 to 10 carbon
atoms; examples are acetylamino and benzoylamino);
alkoxycarbonylamino groups (desirably alkoxycarbony-
lamino groups having from 2 to 20 carbon atoms, preferably
having from 2 to 16 carbon atoms, and more preferably hav-
ing from 2 to 12 carbon atoms; examples include methoxy-
carbonylamino); aryloxycarbonylamino groups (desirably
aryloxycarbonylamino groups having from 7 to 20 carbon
atoms, preferably having from 7 to 16 carbon atoms, and
more preferably having from 7 to 12 carbon atoms; examples
include phenyloxycarbonylamino); sulfonylamino groups
(desirably sulfonylamino groups having from 1 to 20 carbon
atoms, preferably having from 1 to 16 carbon atoms, and
more preferably having from 1 to 12 carbon atoms; examples
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are methanesulfonylamino and benzenesulfonylamino), sul-
famoyl groups (preferably sulfamoyl groups having from 0 to
20 carbon atoms, preferably having from 0 to 16 carbon
atoms, and more preferably having from 0 to 12 carbon
atoms; examples are sulfamoyl, methylsulfamoyl, dimethyl-
sulfamoyl and phenylsulfamoyl); carbamoyl groups (desir-
ably carbamoyl groups having from 1 to 20 carbon atoms,
preferably having from 1 to 16 carbon atoms, and more pref-
erably having from 1 to 12 carbon atoms; examples are
unsubstituted carbamoyl, methylcarbamoyl, diethylcarbam-
oyl and phenylcarbamoyl);

alkylthio groups (desirably alkylthio groups having from 1 to
20 carbon atoms, preferably having from 1 to 16 carbon
atoms, and more preferably having from 1 to 12 carbon
atoms; examples are methylthio and ethylthio), arylthio
groups (desirably arylthio groups having from 6 to 20 carbon
atoms, preferably having from 6 to 16 carbon atoms, and
more preferably having from 6 to 12 carbon atoms; examples
include phenylthio); sulfonyl groups (desirably sulfonyl
groups having from 1 to 20 carbon atoms, preferably having
from 1 to 16 carbon atoms, and more preferably having from
1 to 12 carbon atoms; examples are mesyl and tosyl); sulfinyl
groups (desirably sulfinyl groups having from 1 to 20 carbon
atoms, preferably having from 1 to 16 carbon atoms, and
more preferably having from 1 to 12 carbon atoms; examples
are methanesulfinyl and benzenesulfinyl); ureido groups (de-
sirably ureido groups having from 1 to 20 carbon atoms,
preferably having from 1 to 16 carbon atoms, and more pref-
erably having from 1 to 12 carbon atoms; examples are
unsubstituted ureido, methylureido and phenylureido); phos-
phoramide groups (desirably phosphoramide groups having
from 1 to 20 carbon atoms, preferably having from 1 to 16
carbon atoms, and more preferably having from 1 to 12 car-
bon atoms; examples are diethyl phosphoramide and phenyl
phosphoramide); hydroxy, mercapto, halogen atoms (for
example, fluorine, chlorine, bromine and iodine); cyano,
sulfo, carboxyl, nitro, hydroxamic acid groups, sulfino,
hydrazino, imino, heterocyclic groups (desirably heterocy-
clic groups having from 1 to 30 carbon atoms, preferably
having from 1 to 12 carbon atoms; examples are heterocyclic
groups having hetero atoms such as nitrogen, oxygen, and
sulfur; examples are imidazolyl, pyridyl, quinolyl, furyl, pip-
eridyl, morpholino, benzooxazolyl, benzimidazolyl, and ben-
zthioazolyl); and silyl groups (desirably silyl groups having
from 3 to 40 carbon atoms, preferably having from 3 to 30
carbon atoms, and more preferably having from 3 to 24 car-
bon atoms; examples are trimethylsilyl and triphenylsilyl).
These substituents may be further substituted with these sub-
stituents. Further, when there are two or more substituents,
they may be identical or different. When possible, they may
be bonded together to form a ring.

[0199] As described above, in order to fix alignments of
molecules liquid-crystal compounds, especially discotic lig-
uid-crystal compounds, the fluoride-compound desirably has
a polymerizable group as a substituent.

[0200] Specific examples of the fluoride-compound
denoted by the formula (2) are given below. However, com-
pounds that can be employed in the present invention are not
limited to these compounds. Among the specific examples
below, Nos. 1-1 to 38 are examples of compounds denoted by
the formula (2a); and Nos. 1-39 to 62 are examples of com-
pounds denoted by the formula (2b).

COOC ,Has

b

NaO3$ COOCH,CH,C4Fy HO3S
Il
COOC ,Has

)\

Na.O3S COOCH2CH2C5F 13
I-3
Jicooc s
HO;8 COOCH,CH,CgF 3
14

COOC ,Hos

b

NaOs$ COOCH,CH,CgF
5
CO0C,Hzs

)

HO;S COOCH,CH,CgF |7
6
COOC Has

HOs3S

-

COOCH,CH,CgF 3
17
COOC 1Has

-

HO;S
COOCH,CH,CgF
I-8
LCOOCIZHZS
NaO3$ COOCH,(CF2)sH  HO3S
19
LCOOCHZ(CFZ)gH
NaO3$ COOCH,(CFy)sH ~ HO3S
j
LCOOCHZ(CFZ)GH
NaO3$ COOCH,(CF2)sH ~ HO3S

COOCH,(CF,)gH

NaOs$

-

COOCH,(CF,)sH
I-15

e
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[Formula 65]

COOC ,Hys

COOCH,CH,C4F
I-2

COOC>Has

COOCH,(CF,)sH
I-10
COOCH(CF»)sH

COOCH(CFy)sH
12
COOCH,(CF,)¢H

COOCH,(CF»)H
14
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-continued
COOCH,(CF,)gH

=

HO;S
COOCH,(CF»)sH
I-16
LCOOCHZCHZQ;FS)
NaO;8 COOCH,CH,C,yF
I-17
/[COOCHZCHZQFQ
HO3S COOCH,CH,C4Fo
18

COOCH,CH,CsF/7

)

NaO;8 COOCH,CH,CsF 7
19
COOCH,CH,CgF 7

)

HO;8 COOCH,CH,CgF 7
120
COOCH,CH,C4F,
NaO38 \/[
COOCH,CH,C4F,
121

COOCH,CH,CgF7

HO;S

-

COOCH,CH,CgF 7
122
COOCH,CH,CgF 3

b

NaO;S COOCH2CH2C5F13
1-23
COOCH,CH,C4F 3

HO;8 COOCH,CH,CgF 3
124

COOCH,CH,CgFy3

HO,S COOCH,CH,C4Fy
125

COOCH,CH,CsF 7

NN

HO;S COOCH,CH,C4Fo
126

[Formula 66]

40

-continued
COOCH,(CF,)H

L
L

NaO;80

HO; COOCH,CH,C4Fy

1-27

COOCH,(CF»)H

HO; COOCH,CH,C4F 3

1-28

e

COOCH,CH,C4F 3

Na0;50 COOCH,CH,C4F 5
1-29
Na0;50 COOCH,CH,CgF 7

jiCOOCHZCHZCSF 17

1-30
COOCH,CH,CgF 13

Na0;50

HO;380

HO,S0 COOCH,CH,CgF 3

1-31

HO350 COOCH,CH,CgF 7

HO3SOICOOCHZCH2C8F e
-32

ICOOCHZCHZCGF”

1-33

Icoocmcmcgs17

134
:[COOCHZCHZCGFB
COOCH,CH,C4F 3

1-35
ICOOCHZCHZQFQ
COOCH,CH,C4Fo

I-36

NaO3S(H>C)40 COOCH,CH,CgF 13

NaO;S(H,C)40

NaO3S(H,C)40. COOCH,CH,CF (7

NaO3S(H,C),0

HO3S(H,C)40

HO;S8(H,C),0

HO;S(H,C),0

HO3S(HC)40
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-continued -continued
[Formula 67] [Formula 68]

/C;Fg SO3H
NaO;8 €00 C4Fo
0™ NCEyH
COO.
C4Fo O\/ (CFy)j0H
1-45
C4Fo
I

37 SO;H
/Ccig
HO;S CO0 CaFo
\[ O(CH,),0(CH,)iCgF 17
O(CH,),0(CH,)3CsF )7

OO0
\C“\Fg 146
CyFo SO;H
I

3

-38
CO,H
O(CH,)3CsF 17
O(CH)2,0(CHy)3C6F 13
O(CH2)20(CH)3C6F13
1-47
1-39 SOSH
CO,H
COL(CH)2CsF 17 COH
O(CH2)20(CH;),CeF 13
O(CH2)20(CH,)2C6F 3
1-48
O(CH,);CsF 17
1-40 141
SOH

O(CH2),0(CH,)2CsF17

CF;
CFs O/X
0 CF; O(CH,),0(CH ,CsF 7
FsC

w2

&

n
o]

1-49
F
1-42
SO;H SO;H SO;H
O(CH,)3C4Fo O(CH,)3C¢F )3 O(CH,)>0(CH,),0(CH,)2CsF 17
O(CH,)3C4F, O(CH,)3C6F 13 O(CH;),0(CH);0(CH, 2CsF )7

1-43 -44 I-50
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-continued
SO;H

O(CH2)20(CH;),0(CH,)2C6F 13

e

O(CH,)>0(CH;)2,0(CH,)2C6F 13
I-51
SOsH

e

O(CH)2,0CH,(CF,)sH
O(CH,),OCH,(CF,)gH
1-52
SO;H

oS

O(CH,),OCH,(CF,)¢H
O(CH,),0CH, (CF2)gH
1-53
SO;H SO;H

OCH,(CFy)gH OCH,(CF)6H

oS

OCH,(CF)gH
1-54
SOsH

OCH,(CF,)6H
I-55

O(CH2)2CsFy7

o

O(CH,)CsF 17
1-56

[Formula 69]
SOsH

ava

O(CHy)20(CH,),CeF13
1-57
SO;H

—< >— [72)
£
Jus

O(CH,),0(CH,),CsFy7
1-58

O(CH2):CeF 13
1-59

42
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-continued

SOsH SO;H

O(CH,)3CsF 17

O(CHy)2CsFy7 O(CH,);CsFy7

I-61

O(CH,);CgF 17
1-62

[0201] The preferred amount of the fluoride-compound in
the composition may vary with its application, when the
composition is used for production of an optically anisotropic
layer, the amount of the fluoride-compound is desirably from
0.005 to 8 mass %, more desirably from 0.01 to 5 mass % and
much more desirably from 0.05 to 1 mass % with respect to
the total mass of the composition (when the composition is a
solution, the solvent is excluded).

{Other Additives?

[0202] The composition of the present invention may com-
prise other additives such as polymerization initiators, plas-
ticizers, surfactants or polymerizable monomers, with the
rod-like liquid crystalline compound, the onium salt and the
air-interface vertical alignment promoter. Such additives may
contribute to improvement in uniformity of a coating layer,
strength of a coating layer, alignment ability of liquid-crystal
molecules or the like. Such additives are desirably selected
from materials which can be mixed with the rod-like liquid
crystalline compound compatibly and don’t inhibit the align-
ment of the liquid-crystal compound.

[0203] The polymerization initiator may be selected from
thermal polymerization initiators and photo-polymerization
initiators. Photo-polymerization initiators are preferred.
Examples of photo-polymerization initiators are alpha-car-
bonyl compounds (described in U.S. Pat. Nos. 2,367,661 and
2,367,670), acyloin ether (described in U.S. Pat. No. 2,448,
828), alpha-hydrocarbon-substituted aromatic acyloin com-
pounds (described in U.S. Pat. No. 2,722,512), polynuclear-
quinone compounds (described in U.S. Pat. Nos. 3,046,127
and 2,951,758), combinations of triarylimidazole dimers and
p-aminophenyl ketones (described in U.S. Pat. No. 3,549,
367), acridine and phenadine compounds (described in TOK-
KAI No. sho 60-105667 and U.S. Pat. No. 4,239,850), and
oxadiazole compounds (described in U.S. Pat. No. 4,212,
970).

[0204] The amount of photo-polymerization initiator
employed is desirably from 0.01 to 20 mass percent, prefer-
ably from 0.5 to 5 mass percent, of the solid portion of the
coating liquid.

[0205] The polymerizable monomer may be selected from
radical-polymerizable or cation-polymerizable compounds,
and desirably selected from radical-polymerizable com-
pounds having a plural function group, and among them, the
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compounds which can copolymerize with the polymerizable
liquid-crystal compound described above are preferred. Pre-
ferred examples of the polymerizable monomer include those
described in the columns of [0018] to [0020] in TOKKAI No.
2002-296423. In usual, the amount of the polymerizable
monomer is desirably from 1 to 50 mass %, and more desir-
ably from 5 to 30 mass %, with respect to the total mass of a
single or plural liquid crystal compounds.

[0206] The surfactant may be selected from any known
surfactants, and is desirably selected from fluoride-surfac-
tants. More specifically, the compounds, described in the
columns of [0028] to [0056] in TOKKAI No. 2001-330725
are preferred. And Polymer Nos. P-1 to P-71 are also pre-
ferred.

[Formula 70]
—tCH,—CH 75—

o— CHchz_ (CF2CF2)2F
(6]

—¢CH—CHz—
O—(C,H40)20CH;

o)
P-1
Mw 15,000

—¢CH,—CH55—

O—CH,CH,— (CF>CF,),F
o

—¢CH,—CH3y5—
0—(C,H,0),CH;

O

P-2
Mw 15,000

—¢CH—CHy5—
O— CH,CH,— (CF,CF,),F
(@)
—¢CH—CHy5—
O0—(C3HeO)13H
O

P-3
Mw 8,000

—¢CH,—CH3y5—
o— CHchz_ (CF2CF2)2F

(@)
—¢CH, —CHyg—
O0—(C3HsO)yH

(6]

P-4
Mw 39,000

CH;

—€CH,—Cyg—

%O—CHZCHZ—(CFZCFZ)ZF

0]
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-continued
—+CH—CHy3—
O—(C2H40)20CH;

O

P-5
Mw 20,000

CH;

—CH—CI5—
O—CH,CH, — (CF5CFa)oF
(@)
—¢CH,— CH 35—
O0—(C,H,40),CH;

O

P-6
Mw 6,000

CH;

—¢CH,—C5—

}—O—CHZCHZ—(CFZCFZ)ZF

(@)
—CH—CHy=—
O—(C3Hg0),0CH;

O

P-7
Mw 50,000

CH;
—tCH,—Ci5
o— CH2CH2 - (CcmFz)ZF
O
CH;

I
—tCH,—Cg—

>/~7o—<ch60>ZOCH3

(6]
P-8

Mw 10,000
—¢CH,—CHy5
O—CH,CH, — (CF,CFy)3F
O
—+CH,—CHy5—
O—(C2H40)20CH;3
O
P-9
Myw 15,000
—¢CH,—CHy—
O—CH,CH, — (CFCFy)3F
@)
—¢CH,— CHoys—
O—(C,H40)7CH;

P-10
Mw 15,000
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-continued
—tCH—CH g5
O—CH,CH, — (CF>CF,)3F

—¢CH,—CHy—
O—(G3HsO)7H

P-11
Mw 23,000

—CH,—CHy55—
O— CH,CH,— (CF,CF,);F
(6]
—¢CH,—CHyz~
O0—(G3HsO);3H

P-12
Mw 24,000

CH;3
—CH—Cog
O0—CH,CH, — (CF,CF,);F
(6]
—¢CH,—CHyz~
O—(CH40)20CH3

P-13
Mw 15,000

CH;
—CH,—Cy5
O—CH,CH,— (CF,CF,);F
0
—+CH,—CH5p—
0—(CH,0),CH;

P-14
Mw 8,000

CH;3
—CH—Coge
O—CH,CH, — (CF,CFy)sF
(€]
—¢CH,—CHy5~
O—(C3Hg0)20CH3

P-15
Mw 40,000

CH;

—¢CH,—C5—

%O—CHZCHZ—(CFZCFz)gF

0)
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CHj,
—tCH,—CIgm—
O—(C3H60)20CH3
O
P-16
Mw 10,000
[Formula 72]
—¢CH,—CHy5—
(6] _CH2CH2 - (CcmFz)gF
(@)
—tCHL—CHy5—
O—(C,H40)4CH;
(@)
P-17
Mw 15,000
—¢CH,—CHy5—
O—CH,CH, — (CF,CFy)sF
(@)
—tCHL—CHygm
O0—(GHeO)/H
(@)
P-18
Mw 15,000
—¢CHy—CHy5—
0—CH,CH, —(CF>CF,);F
(@)
—CH,—HCro—
O—(C3H0)7(C2Ha)100CH;
O
P-19
Mw 20,000
—¢CH,—CHy5—
o— CHchz - (CcmFz)gF
(@)
N
—tCH,—Cigm—
O—(C3Hg0)7(C2Hy)100CH;
O
P-20
Mw 25,000
CHj,
—tCHh— G
H
N—CH,CH, — (CF,CFy)sF
@)
—tCH,—CHyg—
O—(C,H40),CH;
O
P-21
Mw 15,000
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-continued
CH;
—tCH—Co5m
H
N—CH,CH, — (CF,CF,);F

—tCH—CHy7—
O0—(C140)7CH;

P-22
Mw 8,000

H

—tCHz—é-)F
%%—CHZCHZ—(CFZCFZ)ZF
(0]
—¢CH,—CHy~
O—(G3H40)20CH;

P-23
Mw 40,000

CH;

—tCH,—Cg
%%—CHZCHZ—(CFZCFZ)ZF
o}

CH,

—tCH—Cog—

}7 O—(C3H0)20CH;

O
P-24

Mw 10,000
—¢CH,—CHy5—
O—CH,CH,— (CF,CF,):F
(6]
—¢CH,—CH——
O—(CH40)0H
(0]
—€CH,—CHYy—
O0—CpxHas
(0]
P-25
Mw 15,000
—¢CH, —CHy5—
O—CH,CH, — (CF,CF>)sF
(0]
—¢CH, —CH
O0—(G,H40),CH;
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-continued
CH;

—tChL—Ci

%O_Clezs

o}

P-26
Mw 15,000

—CH—CH ¥
O—CH,CH, — (CF,CF3)sF
O
—+CH,—HC—
O—(C3HgO)20H
O
—CH,—CHy—
O0—CpaHys

(6]

P-27
Mw 9,000

—tCH—CHY5—
O—CH,CH, — (CF»CF»)3F
o)
CH;

—tCH—Cg™

}70 —(C3Hg0)20CH3

o
CH;

I
—¢CH,—C5—

O0—C2Hys

o

P-28
Mw 10,000

CH;

—CH,—Cy5
0—CH,CH, —(CF,CF,);F
(@)
—€CH,—CHy5—
O—(C,H40),0CH;
@)
—¢CH,—CHy55—
O0—CxHys
O

P-29
Mw 15,000

CH3z

—tCH—C5—

)—O—CHZCHZ—(CFZCFZ)J

0
—¢CH,— CHy—
O0—(C,H40),CH;
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-continued
CH;

—CH—Ci5~

%O_Clezs

0]

P-30
Mw 9,000

CH,

—+CH,—C55—

%O—CHZCHZ—(CFZCFZ)gF

(0]
—¢CH,—CHY5—
O—(C3H0)20CH;
(0]
—¢CH,—CHY—
O—CpHys
(0]

P-31
Mw 30,000

CH;

—tCH—C5

%O—CHZCHZ—(CFZCFZ)gF

(¢]
CH,
—tCH,—C=—
O—(C3H40)20CH3
(6]
CH;
—€tCH—C 5™
O0—CpHs

O
P-32

Mw 15,000
—¢CH,—CHY5—
O—CH,CH,— (CF,CF,);F
(0]
—¢CH,—CH ¥
O—(CH40)50CH;
(0]
—¢CH,—CHY 7
(0]

O

P-33
Mw 15,000

—¢CH—CHyg—
O—CH,CH,— (CF,CF,)sF
(6]
—CH,—CHy7—
O—(C,H40),CH;

46

[Formula 74]
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-continued
CH;
—¢CH,—CHy 75—
(6]
(@)
P-34
Mw 15,000
—+CH,—CH47—
(0] _CHchz— (CF2CF2)3F
O
—¢CH—CHy5—

O—(C3Hs0)20CH;

0
—tCH,—CHy75—
=
0

P-35
Mw 25,000

—¢CH—CHy5—
0—CH,CH, —(CF>CF,)5F
O
CH;
—CH,—Cosm—
O—(C3Hc0)20CH;3

o)
CH;

I
—CH,—Cys—
=
o)

P-36
Mw 15,000

CH;

I
—CH—Czm

}—O—CHZCHZ—(CFZCFZ)JF

(6]
—tCH,—CHz—

O—(C2H40)20CH;

o
—tCH,—CHy7—
0

P-37
Mw 42,000
CH;
—CH,—Cg5—
O—CH,CH, — (CF»CF»)3F

O
—tCH,—CH55~

O0—(C;H40),CH;
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-continued
CH;3

—CH—C7s

P-38
Mw 58,000

CH;
—€¢CH,—C35—
O—CH,CH, — (CE,CFy)F

0
—¢CH,—CH35—

O—(C3H40)20CH;

(0]
—CH—CHy3—
(0]

P-39
Mw 18,000
N
Como
=

O

N
—Com

O—(G3H40)20CH;

—+CH,—
_CHchZ - (CF2CF2)3F

—CH,

O_CHZ_ (CF2CF2)3F

0
—CH,—CHY)5—

O—(GH40)50H
(0]
P-41
Mw 15,000
—€CH,—CHy5
O—(CHy)4—(CFCF,)3F

(6]
—€CH,—CH5~
O—(C,H40),CH;

[Formula 75]
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-continued
CH;

—tCH—CIp

P-42
Mw 15,000

—CH,—CH335—
O—(CHz)5s— (CF,CFp)sF
O

—tCIL—CH¥g
O—(C3Hg0)20H

o

P-43
Mw 29,000

—CH,—CHy35—
O—(CHz)—(CFCFp)sF
(@)
CH;

—CH,—Crg—

%o—<csH60)ZOCH3

o
P-44
Mw 5,000

CH;
—CH,— G
§—CH,CH, — (CF,CEy)sF
O
—CH,— CHyg—
O—(C,H40)20CH;

P-45
Mw 32,000

CH;
—CH— 5
S —CH,CH,—(CF>CF,);F
0
—CH,— CH=—
O0—(CH40)7CH;

CH;

—tCH—Cp

P-46
Mw 48,000
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-continued
CH;

—¢CH,—C55—
(0] _CHchz . (CcmFz)zF

(6]
—(—CHZ—CH-)T

O—(C3H0)20CH;

(€]
—CH,—CH¥5—

0

P-47
Mw 25,000

CH;

—CH—C5—

}— O—CH>CH>— (CF>CF»),F

(6]
CH;
—€tCH,—C55—
O—(C3H0)20CHs
[¢)
CH;

|
—CH,—CI1—

PN

[0) (6]

P-48
Mw 7,000
—tCH,—CHy15—
O_CHZ_(CcmFz)gF

0
—¢CH,—CH15~

O—CH,— (CF,CFy),F
o
—CH,—CHY—
O0—(GH4O);H
o)

P-49
Mw 15,000

—¢CH,—CH55-
O (CHy)2— (CF,CFy)3F

(0]
—tCH,—CH¥55—

O—(CHy)2— (CE,CFy),F
(0]
—CH,—CHy5
O0—(CH40)7CHs

O

P-50
Mw 15,000

[Formula 76]
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-continued
—¢tCH,—CH T

O—(CHz),— (CF2CF2)3F

(@)
—(—CHZ—CHW

0— (C3Hs0);H
o)
—CH,—CH5~
O0—(C,H40)7H

o}

P-51
Mw 32,000

—CH,—CHy5—
O—(CHz),— (CFxCFy)3F
O
CH;
—CH,—C55—
O—(C3Hg0)20CH;
(@)
CH;

I
—CH,—Cr5—

J—o—

0
P-52
Mw 8,000

—¢CH—CH5~
0—CH,CH, —(CF,CF,);F
(@)
—¢CH,—CHg~
O—(CH40)20H

o

P-53
Mw 22,000

CH,
—tCH,—C55—
N _CH2CH2 - (CcmFz)gF
Y CaH,
—¢CH—CHY=~
O0—(C,H40);,CH;
O
N
—tCH,—Cy5~
NH,

(6]

P-54
Mw 42,000

H

I
—CH,—C5~

}—O—CHZCHZ—(CFZCFZ)ZF

o}
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-continued
—CH,— CH-)W

O—(C3H0)20CH3

Y

—€CH2—CHT

T

P-55
Mw 24,000
CH;
—CH—C5m
% O0—CH,CH, — (CF,CF5),F
(6]
CH;
—CH,— é-)T
}7 O—(C3H40)20CH3
(6]
CH;
—CH,— éw
O—CH,CH,0H
(6]
P-56
Mw 17,000
—€CH,—CH¥7~
O——(CHy),— (CF,CE,)3F
(€]
—¢CH,—CHY 5~
O——(CHy),— (CF,CE,),F
(6]
—€CHy —CHY5—
O0—(C140)7CH;
(6]
—CH,—CH 5
O—(C3H0)20CH;
(0]
—CH,—CHY5—
O—CHys
(@)
H
—¢CH,— éas—
o—H
P-57
Mw 15,000
—¢CH,—CHY
O—(CHy),— (CFCEy)sF
(€]
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-continued
—¢CH,— CHY55
N—(CHz),— (CF:CF2)3F
o H
—¢CH,— CHy5m
0—(C,H40),CH;
O
—¢CH,— CHY5
N—(C3H¢0)20CH;
Y ész
—¢CH,— CHy 7~
O0—CxHys

P-58
Mw 18,000

—CH,—CHY7—
O—(CH,),— (CF:CFy)oF
O
—CH,— CH Y5
N—(CH,),— (CF,CF,),F
o Gl
—CHy— CH 5
O—(G,H40),CH;
O
—CH,—CHy5—
O—(G3H0)5CH;
O
—CH,— CHy 7
O—CypHys

—o O

—+CH,—Cr5—

>—O—CH3

o}

P-59
Mw 31,000

—CH,— CH 37—
O—(CH,),— (CF,CFy)oF

O—(CH,),— (CF,CFy)oF
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-continued
—CH,— CHY5
O—(C,H40),CH;
(0]
—¢CH,—CHY5m
O—(C3H0)15CH;3
(0]
—¢CH—CHy
O0—CsHs;

—o O,

—CH,—C—

}—O—CHg

(6]
P-60
Mw 12,000
—€CH,—CHY5
O—(CHy),— (CF,CE,),F
(6]
CH;
—CH,—CH—
O0—(CH40)sH
(0]
—CH,— CHy5~
O—(CH40)7H

0)

P-61
Mw 45,000

—CH,—CHY
O—(CH2)2— (CFCEy)5F
(0]
CH,
—¢CH,—C—
O—(CH40)15H
(6]
—¢CH—CHY5
O—(GH,0)7H
(0]
P-62
Mw 30,000
—€CH,—CH Y
O—(CHy)>,— (CFCEF,)3F
(6]
CH;
—CH,—C—
O0—(CH40)5H

[Formula 78]
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-continued
—¢CH,— CHy

O— (CH4O)H
o
P-63
Mw 35,000
CH;

—tCH,—Ciy—

}70 — (CHz)2— (CFCF2),F

(@)
—CH,—CHY7—
O—(CH40)6H
@)
CH;
—CH,— s
00— (C3HO)H
(@)

P-64
Mw 15,000

—CH,— CH Y75~
(0] _CH2CH2_ (CcmFz)gH

P-65
Mw 19,000

—CH,—CHyg~
0—CH,CH, — (CF,CF,);H
o)
—CH,—CHY¥5;-
0— (C3H0);H
o

P-66
Mw 45,000

—tCH,—CH -)W
O—CH,CH,— (CF,CF,)4H

P-67
Mw 18,000

—¢CH,— CHym—
0—CH,CH,— (CF,CF,);H
o)
—CH,—CH¥5—
0— (C3H0)-H
o

P-68
Mw 48,000

—€CH,— CHy—
0—CH,CH, —(CF,CF,);H
@)
—¢CH,— CHy5—
O0—(GHgO)/H
O

P-69
Mw 48,000
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-continued
—¢CH,—CH35—

(0] _CH2CH2 - (CcmFz)gF

0
—CH,—CH3y5—

(0] _CHchz - (CF2CF2)4H

0
—CH,—CH35—

O—(G3Hs0)7H

0
P-70

Mw 15,000
—CH,—CH35—

(0] _CH2CH2 - (CF2CF2)3F

0
—CH,—CH355—

O—CH,CH,— (CF>CFy)H

0
—+CH—CH¥5—

O—(G3Hs0)7/H

O

P-71
Mw 18,000

[0207] The polymer is desirably selected from polymers
which can increase a viscosity of a coating liquid. Examples
ofthe polymer include cellulose esters. Preferred examples of
cellulose ester include those described in the column [0178]
in TOKKAI No. 2000-155216. Avoiding inhibiting the align-
ment of the liquid-crystal compound, the amount of the poly-
mer is desirably from 0.1 to 10 mass %, and more desirably
from 0.1 to 8 mass %, with respect to the mass of the liquid-
crystal compound.

{Preparation of Optically Anisotropic Layer)

[0208] The optically anisotropic layer may be prepared
according to a process comprising preparing the composition
of the present invention as a coating liquid, applying the
composition to a surface of a substrate or the like, aligning
rod-like liquid crystalline molecules vertically, and fixing
them in an alignment. When the layer is formed on a tempo-
rary substrate, the layer may be transferred from on the tem-
porary substrate to on a substrate. The second retardation
region may be formed of a single layer or multiple layers. The
whole laminated body of the optically anisotropic layer and
the substrate supporting the layer may satisfy the properties
required for the second retardation region.

[0209] The solvent to be used for preparing the coating
liquid is desirably selected from organic solvents. Examples
of the organic solvent include amides such as N,N-dimethyl-
formamide, sulfoxides such as dimethyl sulfoxide, heterocy-
clic compounds such as pyridine, hydrocarbons such as ben-
zene and hexane, alkyl halides such as chloroform and
dichloromethane, esters such as methyl acetate and butyl
acetate, ketones such as acetone and methyl ethyl ketone and
ethers such as tetrahydrofuran and 1,2-dimethoxyethane.
Alkyl halides and ketones are preferred. One or more kinds of
solvents may be used for preparing the coating liquids.
[0210] The coating liquid can be applied by known tech-
niques (e.g., extrusion coating, direct gravure coating, reverse
gravure coating and die coating).
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[0211] After the rod-like liquid crystalline molecules are
aligned vertically, the molecules may be fixed in an alignment
state. Fixing may be carried out by polymerization of poly-
merizable groups included in rod-like crystalline molecules
and/or polymerizable monomers. The polymerization reac-
tion is desirably carried out according to photo-polymeriza-
tion reaction employing photo-polymerization initiators.
Irradiation for polymerization of rod-like liquid crystalline
molecules is desirably conducted with ultraviolet radiation.
The irradiation energy is desirably from 20 mJ/cm® to 50
J/em?, preferably from 100 to 800 mJ/cm?. Irradiation may be
conducted under heated conditions to promote the photo-
polymerization reaction.

[0212] Theoptically anisotropic layer desirably has a thick-
ness 0f 0.1 to 10 micrometers, preferably of 0.5 to 5 microme-
ters, and more preferably of 1 to 5 micrometers.

(Alignment Layer)

[0213] For preparing the optically anisotropic layer, align-
ment layers may be used. Alignment layers have a function of
determine the alignment direction of rod-like liquid crystal-
line molecules. However, when rod-like liquid crystalline
molecules are aligned homeotropically, there is no alignment
in a plane, and, thus, alignment layers are not essential for the
present invention. The composition of the present invention
comprises an onium salt and an air-interface vertical align-
ment promoter, and, thus, rod-like liquid crystalline mol-
ecules may be stably aligned vertically even if no vertical
alignment layer is used. Thus, according to the present inven-
tion, for preparing the optically alignment layer, vertical
alignment layers are not necessary. Alignment layers may
contribute to aligning liquid crystalline molecules uniformly
or improving adhesion between the substrate and the opti-
cally anisotropic layer, and, thus, if necessary, can be used.
The molecules fixed in an alignment state can keep the align-
ment without an alignment layer. Thus, after an optically
anisotropic layer is formed on an alignment layer, only the
optically anisotropic layer may be transferred from on the
alignment layer to on another member such as a polarizing
film, and in such case, the alignment layer is absent.

[0214] The alignment layer that can be employed in the
present invention may be provided by rubbing a layer formed
of an organic compound (preferably a polymer), oblique
vapor deposition, the formation of a layer with microgrooves,
or the deposition of organic compounds (for example, omega-
tricosanoic acid, dioctadecylmethylammonium chloride, and
methyl stearate) by the Langmuir-Blodgett (LB) film method.
Further, alignment layers imparted with orientation functions
by exposure to an electric or magnetic field or irradiation with
light are also known.

[0215] The alignment layers may be rubbed if necessary.
The polymers for preparing the alignment layers may basi-
cally have a molecular structure capable of aligning discotic
liquid-crystal molecules.

[0216] According to the present invention, the polymer is
desirably selected from polymers having such a molecular
structure and further having a structural feature in which a
main chain bounds to side chains containing a crosslinkable
group (such as a double bonding); or polymers having a
structural feature in which a main chain bounds to side chains
containing a crosslinkable function group capable of aligning
liquid-crystal molecules.

[0217] The polymers may be selected from polymers
capable crosslinking themselves or polymers to be
crosslinked by any crosslinkable agent, and such polymers
may be used in any combination.
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[0218] Examples of the polymer used for preparing an
alignment layer include methacrylate copolymers described
in the column [0022] in TOKKAI No. hei 8-338913, styrene
copolymers, polyolefins, polyvinyl alcohols, modified poly-
vinyl alcohols, poly(N-methylol acrylamide), polyesters,
polyimides, vinyl acetate copolymers, carboxymethylcellu-
loses and polycarbonates. Silane coupling agents are also
used as a polymer. Water-solbule polymers such as poly(N-
methylol acrylamide), carboxymethylcelluloses, gelatins,
polyvinyl alcohols or modified polyvinyl alcohols are pre-
ferred; gelatins, polyvinyl alcohols and modified polyvinyl
alcohols are more preferred; and polyvinyl alcohols and
modified polyvinyl alcohols are much more preferred. Using
plural polyvinyl alcohols or modified polyvinyl alcohols,
they have a different polymerization degree each other, is
especially preferred.

[0219] The saponification degree of the polyvinyl alcohol
is desirably from 70 to 100%, and more desirably from 80 to
100%. The polymerization degree of the polyvinyl alcohol is
desirably from 100 to 5000.

[0220] Inusual, the side chain having a function capable of
aligning discotic liquid-crystal molecules may have a hydro-
phobic group as a function group. The types of the function
group may be decided depending on various factors such as
types of the liquid-crystal compounds or desired alignment
state.

[0221] For example, the modified group can be introduced
into the polyvinyl alcohol by copolymerization modification,
chain-transfer modification or bloc-polymerization modifi-
cation. Examples of the modified group include hydrophilic
groups such as a carboxylic acid group, a sulfonic acid group,
a phosphoric acid group, an amino group, an ammonium
group, an amide group or a thiol group; C,,_; 0o hydrocarbon
groups; hydrocarbon groups substituted with fluorine atoms;
thioether groups, polymerizable groups such as an unsatur-
ated polymerizable group, an epoxy group or an aziridile
group; and alkoxysilyl groups such as tri-, di- or mono-alkox-
ysilyl group. Specific examples of such modified polyvinyl
alcohols include those described in the columns [0022] to
[0145] in TOKKAI No. 2000-155216 and those described in
the columns [0018] to [0022] in TOKKAI No. 2002-62426.
[0222] TItispossibleto copolymerize a polymer in an align-
ment layer and a multi-functional monomer in an optically
anisotropic layer, when the polymer in the alignment layer
has a main chain bonding to side chains containing a
crosslinkable functional group, or the polymer in the align-
ment layer has side chain being capable of aligning liquid-
crystal molecules and containing a crosslinkable functional
group. In such case, not only between the multi-functional
monomers but also between the polymers in the alignment
layer and the multi-functional monomers and the polymers in
the alignment layer, the covalent bondings are formed and the
bonding strengths are improved. Thus, in such case, the
strength of the optical compensation sheet can be remarkably
improved.

[0223] The polymer in the alignment layer desirably has
crosslinkable functional group containing a polymerizable
group. Specific examples include those described in the col-
umns of [0080] to [0100] in TOKKATI No. 2000-155216.
[0224] The polymer in the alignment layer may be
crosslinked by a crosslinkable agent.

[0225] Examples of the crosslinkable agent include alde-
hydes, N-methylol compounds, dioxane derivatives, com-
pounds to act when being activated their carboxyl groups,
active vinyl compounds, active halogen compounds, isox-
azoles and dialdehyde starches. Single or plural type of
crosslinkable agents may be used. Specific examples of the
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crosslinkable agent include the compounds described in the
columns [0023] to [0024] in TOKKAI No. 2002-62426.
Aldehydes having a high reaction-activity are preferred, and
glutaraldehydes are more preferred.

[0226] The amount of the crosslinkable agent is desirable
from 0.1 to 20 mass %, and more desirably 0.5 to 15 mass %,
with respect to the mass of the polymer. The residual amount
of the unreacted crosslinkable-agent in the alignment layer is
desirably not greater than 1.0 mass %, and more desirably not
greater than 0.5 mass %. When the residual amount falls with
in the range, the alignment layer has a sufficient durability,
and even ifthe alignment is used in a liquid-crystal display for
a long time, or is left under a high temperature and humidity
atmosphere for a long time, no reticulation is appeared in the
alignment layer.

[0227] The alignment layer may be prepared by applying a
coating liquid, containing the above polymer, and, if neces-
sary, the crosslinkable agent, to a surface of a transparent
substrate, drying under heating (crosslinking), and perform-
ing a rubbing treatment. The crosslinking reaction may be
carried out any time after applying the coating liquid. When a
hydrophilic polymer such as polyvinyl alcohol is used for
preparation of an alignment layer, the coating liquid is desir-
ably prepared using a mixed solvent of an organic solvent
such as methanol, exhibiting a deforming function, and water.
The mass ratio of water to methanol is desirably from 0/100 to
99/1, and more desirably from 0/100 to 91/9. Using such a
mixed solvent can prevent bubbles from generating, and can
remarkably reduce defects in the surface of the alignment
layer and the optically anisotropic layer.

[0228] The coating liquid may be applied by any known
method such as a spin-coating method, a dip coating method,
a curtain coating method, extrusion coating method, rod coat-
ing method, or roll coating method. The rod coating method
is especially preferred. The thickness of the alignment layer
after being dried is desirably from 0.1 to 10 micrometers.
Drying may be carried out at 20 to 110° C. In order to form
sufficient crosslinking, drying is desirably carried out at 60 to
100° C., and more desirably at 80 to 100° C. The drying may
be continued for 1 minute to 36 hours, and desirably for 1
minute to 30 minutes. The pH is desirably set in a proper
range for a crosslinkable agent to be used, and when glutaral-
dehyde is used, the pH is desirably set in a range from 4.5 to
5.5, and more desirably 5.

[0229] The alignment layer may be formed on a transparent
substrate. The alignment layer can be obtained by applying a
rubbing treatment to the surface of the polymer layer after
crosslinking the polymer layer.

[0230] The rubbing treatment may be carried out according
to any known treatment used in a liquid-crystal alignment
step of LCD. For example, the rubbing treatment may be
carried out by rubbing the surface of a polymer layer with a
paper, a gauze, a felt, a rubber, a nylon fiber, polyester fiber or
the like in a direction. Usually, the rubbing treatment may be
carried out by rubbing a polymer layer with a fabric in which
fibers having a uniform length and line thickness are
implanted averagely at several times.

[0231] After the liquid-crystal molecules are aligned on the
alignment layer, if necessary, the reaction between the poly-
mers in the alignment layer and the multi-functional mono-
mers in the optical compensatory film may be carried out, or
the crosslinking reaction of the polymers in the alignment
layer with a crosslinkable agent may be carried out. The
thickness of the alignment layer is desirably from 0.1 to 10
micrometers.

[Substrate]

[0232] According to the present invention, the optically
anisotropic layer may be formed on a substrate. The substrate
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is preferably transparent, and, in particular, preferably has a
light transmission of not less than 80%. The substrate is
preferably selected from polymer films having a small wave-
length-dependence, and, in particular, preferably has a
Re400/Re700 ratio of less than 1.2. The substrate supporting
the optically anisotropic layer may be a component of the
second retardation region, and may be a component or itself
of'the first retardation region. The substrate may also function
as a protective film of a polarizing film.

[0233] The substrate desirably has a small optical anisot-
ropy, and, in particular, the in-plane retardation (Re) of the
substrate is preferably not greater than 20 nm, more prefer-
ably not greater than 10 nm, and much more preferably not
greater than 5 nm. When the substrate is also used as the first
retardation region, the Re of the substrate is preferably from
20 to 150 nm, more preferably from 40 to 115 nm and much
more preferably from 60 to 95 nm. The Na value of the
substrate is preferably from 1.5 to 7, more preferably from 2.0
to 5.5 and much more preferably from 2.5 to 4.5.

[0234] Examples of materials for the substrate, however
not limited to them, include cellulose esters, polycarbonates,
polysulfones, polyethersulfones, polyacrylates and poly-
methacrylates. Among these, cellulose esters are preferred,
acetyl celluloses are more preferred and triacetyl celluloses
are much more preferred. The substrate is preferably pro-
duced according to a solvent casting process. The thickness of
the substrate is desirably from 20 to 500 micrometers, and
more desirably from 50 to 200 micrometers. In order to
improve adhesion between the substrate and a layer formed
thereon (for example, an adhesion layer, a vertical alignment
layer or a retardation layer), the polymer film may be sub-
jected to surface treatment. Examples of surface treatments
include corona discharge treatment, glow discharge treat-
ment, flame treatment, acid treatment, alkali treatment and
UV irradiation treatment. An adhesion layer (an undercoating
layer) may be formed on the substrate. A polymer layer con-
taining inorganic particles having an average particle diam-
eter of 10 to 100 nm in an amount of 5 mass % to 40 mass %
with respect to the total mass of all solid ingredients is desir-
ably formed on one side of the substrate, especially a long
substrate, by coating or co-flow casting method, in order to
improve a slide ability of the substrate in a feeding step or to
prevent an adhesion of the surface to the rear surface of the
substrate after being rolled up.

[Protective Film of Polarizing Film]

[0235] The protective film of the first or second polarizing
film desirably has no absorption in visible wavelength region,
a light transmittance of not greater than 80% and a small
retardation based on birefringence. In particular, the protec-
tive film desirably has the in-plane retardation, Re, from O to
30 nm, more desirably from O to 15 nm, and much more
desirably from O to 5 nm. The protective film desirably has
retardation in thickness-direction, Rth, from 0 to 40 nm, more
desirably from 0 to 20 mm, and much more desirably from 0
to 10 nm. The polymer films having such properties are pref-
erably used as a protective film. And, from the view of dura-
bility of the polarizing film, cellulose acylate films or nor-
bornene based polymer films are more preferred. The
methods for decreasing the Rth of cellulose acylate films are
described in TOKKAI No. hei 11-246704, TOKKAI No.
2001-247717 and the description of Japanese Patent applica-
tion No. 2003-379975. The Rth of cellulose acylate films can
be decrease by decreasing the thicknesses of the films. The
protective film of the first or the second polarizing film desir-
ably has a thickness from 10 to 100 pm, more desirably from
10 to 60 pm and much more desirably from 20 to 45 pum.
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[0236] The present invention also relates to an optical com-
pensation film comprising an alignment layer comprising at
least one polymer and at least one onium salt; and at least one
optically anisotropic layer formed of a composition compris-
ing at least one rod-like liquid crystalline compound and at
least one compound selected from the formula (1) or the
formula (2) shown below. The onium salt in the alignment
layer may contribute to aligning rod-like liquid crystal mol-
ecules vertically at an alignment interface. Examples of the
onium salts include pyridinium salts, ammonium salts, sulfo-
nium salts and phosphonium salts. Among these, pyridinium
salts are preferred. And it is more preferred that the alignment
layer comprises only single or plural types of pyridinium salts
and doesn’t comprise any other onium salts.

[0237] The optically anisotropic layer may comprise or not
comprise an onium salt.
[Formula 79]
[0238]
Formula (1)
R? R!
|
R L—Q
[0239] In the formula, R, R? and R? each independently

represents a hydrogen atom or a substituent; L represents a
divalent linking group selected from Linking Group as fol-
lows:

(Linking Group)

[0240] a single bond, —O—, —CO—, —NR*— (wherein
R* represents a hydrogen atom, an alkyl group, an aryl group,
oran aralkyl group), —S—, —SO,—, —P(=0)(OR®)—(R®
represents an alkyl group, an aryl group, or an aralkyl group),
an alkylene group, and an arylene group;

[0241] Q represents a carboxyl group (—COOH) or a salt
thereof, a sulfo group (—SO;H) or a salt thereof, or a
phosphonoxy group {—OP(—O0)(OH),} or a salt thereof.

(R%),,-L%-(W),

[0242] Inthe formula, R° represents an alkyl group, an alkyl
group containing a CF; group at the end thereof, or an alkyl
group containing a CF,H group at the end thereof;, m repre-
sents an integer of 1 or more; plural R% may be the same or
different, provided that at least one R° represents an alkyl
group having a terminal CF; group or a terminal CF,H group;
L° represents a linking group having a valence of (m+n); W
represents a carboxyl group (—COOH) or a salt thereof, a
sulfo group (—SO;H) or a salt thereof, a sulfate group
(—OSO;H) group or a salt thereof, or a phosphonoxy group
{—OP(—O)(OH)z} or a salt thereof; and n represents an
integer of 1 or more.

[0243] The pyridinium salt is desirably selected from the
group represented by the formula (3a) or the formula (3b)
shown below.

[Formula 80]
[0244]

7\
—N’ X
\=/\(D)m

Formula (2)

Formula (3a)
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[0245] In the formula (3a), R® represents a substituted or
non-substituted, alkyl group, alkenyl group, alkynyl group,
aralkyl group, aryl group or heterocyclic group; D represents
a group capable of hydrogen bonding; m represents an integer
from 1 to 3; and X~ represents an anion.

[Formula 81]
[0246]
Formula (3b)
/ —
R*—N; \ \ N*—RI0  2X-
[0247] 1Inthe formula (3b), R® and R'° respectively repre-

sent a substituted or non-substitute, alkyl group, alkenyl
group, alkynyl group, aralkyl group, aryl group or heterocy-
clic group; and X~ represents an anion.

[Formula 82]

[0248] The pyridinium salt represented by the formula (3a)
is more desirably selected from the group represented by a
formula (4).

Formula (4)

olf)q
— Rl]
® /
7z—12 / \ LI—(CHy),— N
_ "N /7 O\
P R
(]
X

[0249] Inthe formula (4), L' and L* respectively represent
a divalent linking group or a single bond; Y represents a
substituent capable of binding to phenyl other than a hydro-
gen atom; Z represents a hydrogen atom, a substituted or
non-substituted aliphatic hydrocarbon group or a substitute or
non-substituted aryl group; R'! and R'? respectively repre-
sent a hydrogen atom, an alkyl group, an aryl group, an acyl
group, a carboamyl group, a hydroxyl group or an amino
group, and R'' and R'* may bind to each other to from aring;
n and p respectively represent an integer from 1 to 10, q is an
integer from O to 4; and When p is 2 or more, L, Y or q
included in each repeating unit may be same or different each
other; X~ represents an anion.

[0250] The preferred scopes and the specific examples of
the formulae (1), (2), (3a), (3b) and (4) are same as those
described foe the composition of the present invention.
[0251] The polymer used for producing the alignment layer
is desirably selected, but not to be limited to, polyvinyl alco-
hol derivatives.

EXAMPLES

[0252] The characteristic features of the invention will be
more specifically described below with reference to the fol-
lowing Examples and Comparative Examples. The materials,
amounts of use, proportions, treatment contents, treatment
procedures, and the like as shown in the following Examples
and Comparative Examples can be properly changed so far as
the gist of the invention is not deviated. Accordingly, it should
not be construed that the scope of the invention is limited to
the following specific examples.

<Preparation of IPS Mode Liquid Crystal Cell 1>

[0253] As shown in FIG. 1, electrodes (2 and 3 in FIG. 1)
were disposed at a distance between the electrodes adjacent to
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each other of 20 pm on one sheet of a glass substrate, and a
polyimide film was provided as an alignment layer thereon,
followed by performing a rubbing treatment. The rubbing
treatment was performed to the direction 4 as shown in FIG.
1. A polyimide film was provided on one surface of one sheet
of a separately prepared glass substrate and subjected to a
rubbing treatment to form an alignment layer. The two sheets
of glass substrates were superimposed and stuck at a gap (d)
between the substrates of 3.9 um while facing the alignment
layers each other such that the rubbing directions of the two
sheets of glass substrates were parallel to each other, and a
nematic liquid crystal composition having a refractive index
anisotropy (An) of 0.0769 and a dielectric anisotropy (A€) of
+4.5 was then enclosed. A d-An value of the liquid crystal
layer was 300 nm.

<Preparation of First Retardation Region 1, First Retardation
Region 2 and First Retardation Region 3>

[0254] The following composition was charged in a mixing
tank and stirred under heating to dissolve the respective com-
ponents, thereby preparing a cellulose acetate solution. The
subject solution was filtered under a pressure of not more than
0.5 MPa (5 kg/cm?) by using filter paper (No. 63, manufac-
tured by Advantec) having a retained particle size of 4 pm and
a filtration time of 35 seconds.

Composition of cellulose acetate solution

Cellulose acetate having a degree of acetylation
of 60.9% (degree of polymerization: 300,
Mn/Mw = 1.5):

Triphenyl phosphate (plasticizer):
Biphenyldipheny!l phosphate (plasticizer):
Methylene chloride (first solvent):

Methanol (second solvent):

1-Butanol (third solvent):

100 parts by mass

7.8 parts by mass
3.9 parts by mass
300 parts by mass
54 parts by mass
11 parts by mass

[0255] In another mixing tank, 8 parts by mass of the fol-
lowing retardation enhancer A, 10 parts by mass of the fol-
lowing retardation enhancer B, 0.28 parts by mass of a silicon
dioxide fine particle (mean particle size: 0.1 um), 80 parts by
mass of methylene chloride, and 20 parts by mass of methanol
were charged and stirred under heating to prepare a retarda-
tion enhancer solution (also serving as a fine particle disper-
sion). With 474 parts by mass of the cellulose acetate solution,
40 parts by mass of the subject retardation enhancer solution
was mixed, and the mixture was thoroughly stirred to prepare
a dope.

[Formula 83]

CH;

CH;

Q.

Retardation enhancer A

3
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-continued
[Formula 84]

Retardation enhancer B

[0256] The resulting dope was cast by using a band casting
machine. A film having a residual solvent amount of 15% by
mass was transversally stretched in a stretching ratio of 20%
under a condition at 130° C. by using a tenter and held at 50°
C. for 30 seconds while keeping the width after stretching,
and a clip was then eliminated to prepare a cellulose acetate
film. At the time of completion of stretching, the residual
solvent amount was 5% by mass. The film was further dried to
prepare a film having a residual solvent amount of less than
0.1% by mass.

[0257] The thus obtained film (first retardation region 1)
had a thickness of 80 um. With respect to the thus prepared
first retardation region 1, the light incident angle dependency
of Re was measured by using an automatic birefringence
analyzer (KOBRA-21 ADH, manufactured by Oji Scientific
Instruments). As a result, Re was 70 nm, and Rth was 175 nm.
Thus, it was noted that Nz was 3.0.

[0258] In another mixing tank, 16 parts by mass of the
foregoing retardation enhancer A, 8 parts by mass of the
foregoing retardation agent B, 0.28 parts by mass of a silicon
dioxide fine particle (mean particle size: 0.1 pm), 80 parts by
mass of methylene chloride, and 20 parts by mass of methanol
were charged and stirred under heating to prepare a retarda-
tion enhancer solution (also serving as a fine particle disper-
sion). With 474 parts by mass of the cellulose acetate solution,
45 parts by mass of the subject retardation enhancer solution
was mixed, and the mixture was thoroughly stirred to prepare
a dope, followed by performing film formation in the same
manner as in the foregoing first retardation region 1. The thus
obtained film (first retardation region 2) had a thickness of 80
um. With respect to the thus prepared first retardation region
2, the light incident angle dependency of Re was measured by
using an automatic birefringence analyzer (KOBRA-
21ADH, manufactured by Oji Scientific Instruments). As a
result, Re was 60 nm, and Rth was 210 nm. Thus, it was noted
that Nz was 4.0.

[0259] In another mixing tank, 18 parts by mass of the
foregoing retardation enhancer A, 0.28 parts by mass of a
silicon dioxide fine particle (mean particle size: 0.1 um), 80
parts by mass of methylene chloride, and 20 parts by mass of
methanol were charged and stirred under heating to prepare a
retardation enhancer solution (also serving as a fine particle
dispersion). With 474 parts by mass of the cellulose acetate
solution, 25 parts by mass of the subject retardation enhancer
solution was mixed, and the mixture was thoroughly stirred to
prepare a dope, followed by performing film formation in the

H,0=CHOC=0(CH,) 100004<j>—coo
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same manner as in the foregoing first retardation region 1
except for changing the stretching ratio to 23%. The thus
obtained film (first retardation region 3) had a thickness of 80
um. With respect to the thus prepared first retardation region
3, the light incident angle dependency of Re was measured by
using an automatic birefringence analyzer (KOBRA-
21ADH, manufactured by Oji Scientific Instruments). As a
result, Re was 35 nm, and Rth was 135 nm. Thus, it was noted
that Nz was 4.4.

<Preparation of Second Retardation Regions 1 to 9>

[0260] The surface of each of the thus prepared first retar-
dation region 1, the first retardation region 2 and the first
retardation region 3 was subjected to a saponification treat-
ment, and a coating liquid for preparing an alignment layer
having the following composition was coated in an amount of
20 mL/m> on this film by using a wire bar coater. The coated
film was dried by warm air at 60° C. for 60 seconds and
additionally by warm air at 100° C. for 120 seconds to form a
film. Next, the formed film was subjected to a rubbing treat-
ment in the direction parallel to the slow axis direction of the
film to obtain an alignment layer.

Composition of coating liquid for alignment layer

Modified polyvinyl alcohol as described below: 10 parts by mass

Water: 371 parts by mass
Methanol: 119 parts by mass
Glutaldehyde: 0.5 parts by mass
Modified polyvinyl alcohol

[Formula 85]
—(—CHZ—?HWCHZ—CH-)EGCHZ—CH-)T CH;

OH OCOCH;3; OCONHCH,CH,OCOC=CH,

[0261] Next, 3.8 g of the following rod-like liquid crystal-

line compound, 0.06 g of a photopolymerization initiator
(IRGACURE 907, manufactured by Ciba Speciality Chemi-
cals), 0.02 g of a sensitizer (KAYACURE DETX, manufac-
tured by Nippon Kayaku Co., Ltd.), 0.076 g of each of the
following onium salts, and 0.002 g of each of the following
vertically aligning agents at an air interface were dissolved in
9.2 g of methyl ethyl ketone to prepare solutions (coating
liquids Nos. 2-1 to 2-9 as shown in Table 1). Each of these
coating liquids was coated on the surface of the foregoing
alignment layer by using a wire bars having a size number as
shown in Table 2. The resulting film was stuck on a metallic
frame and heated in a thermostat at 100° C. for 2 minutes,
thereby aligning the rod-like liquid crystalline compound.
Next, the rod-like liquid crystalline compound was
crosslinked upon UV irradiation at 80° C. for 20 seconds by
a high pressure mercury vapor lamp of 120 W/cm and then
allowed to stand for cooling to room temperature, thereby
preparing an optically anisotropic layer.

[Formula 86]

OCOOOCOC—(CHZ)4OCOCH—CHZ

CH;

Rod-like liquid erystalline compound
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[Formula 87]
O O, —
. /
CgH;;0 O(CH,;,—N / N
s A
Onium salt A
O, —
. /
O(CHy),—N \ / N
C3H74<:>_®7 ° ]ér \
Onium salt B
+. /
C3H7 O(CHz)z - N\ / N\
a
Onium salt C
CH;3
0 0 [ pu— CH;
+ /
C8H|7O OCH2CH2_ N\ / N\
(6} O CH;
Onium salt D
[Formula 88]
. Lo . . TABLE 2
[0262] Vertically aligning agent at an air interface (wherein
a, b, and ¢ are each a mass ratio) Retardation layer
formed of rod-like
liquid crystal Substrate Size
TABLE 1 Second retardation  First retardation ~ number of
Film No. region region wire bar
Coating
liquid Onium Vertically aligning agent Retardation film 1 Second retardation  First retardation ~ #4.5
Film No. No. salt at an air interface . region 1 . region 1 .
Retardation film 2 Second retardation  First retardation ~ #3.6
d dati i d region 2 region 1
Second retar at}on reglon 1 21 A Compound P-27 Retardation film 3 Second retardation  First retardation ~ #6.0
Second retardation region 2 2-2 B Compound I-48 region 3 region 2
Second retardation region 3 2-3 C Compound P-27 Retardation film 4 Second retardation  First retardation  #3.4
Second retardation region 4 2-4 B Compound I-48 region 4 region 1
Second retardation region 5 2-5 A Compound P-27 Retardation film 5 Second retardation  First retardation ~ #6.0
Second retardation region 6 2-6 A — ) region 5 ) relgion 3 .
Second retardation region 7 27 o Compound P-27 Retardation film 6 1iegc.ool;lldsreta.rdatlon 2;52 Iie;za.rdatlon #6.0
. N 1 1
Second reta.rdat}on reg%on 8 28 D Compound P-27 Retardation film 7 Second retardation  First retardation #6.0
Second retardation region 9 2-9 D Compound P-22 region 7 region 3
Retardation film 8 Second retardation  First retardation ~ #4.5
p-27 region 8 region 1
—¢tCH,—CH+—CH, CHy—¢CH,—CH>— Retardation film9  Second retardation ~ First retardation ~ #4.5
a b © region 9 region 1
COOCH,CH,(CFy)6F  COO(C3HsO)¢H COOH
a=40b=55c=5 [0263] The retardation films 6 and 7 did not exhibit an

1-48
SO;H

O(CH2)20(CH;),C6F 13

O(CH,)20(CH,),CeF 3

extinction position, and a schlieren defect was observed in
each of the second retardation regions thereof. The second
retardation regions 6 and 7 are each an optically anisotropic
layer as formed by using a coating liquid in which either one
of the onium salt or the vertically aligning agent at an air
interface is not added. It was noted from this result that both
the onium salt and the vertically aligning agent at an air
interface are necessary for the vertical alignment of a rod-like
liquid crystalline compound.

[0264] Incidentally, by measuring the light incident angle
dependency of Re of the prepared film by using an automatic
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birefringence analyzer (KOBRA-21 ADH, manufactured by
Oji Scientific Instruments) and subtracting a previously mea-
sured contribution part of the support therefrom, the optical
characteristics of only the second retardation region were
calculated. As a result, the second retardation region 1 had an
Re of 0 nm and an Rth of -225 nm; the second retardation
region 2 had an Re of 0 nm and an Rth of =180 nm; the second
retardation region 3 had an Re of 0 nm and an Rth of =295 nm;
the second retardation region 4 had an Re of 0 nm and an Rth
of-170 nm; the second retardation region 5 had an Re of 0 nm
and an Rth of -292 nm; the second retardation region 8 had an
Re of 0 nm and an Rth of =226 nm; and the second retardation
region 9 had an Re of 0 nm and an Rth of =297 nm, respec-
tively. Thus, it was confirmed that the rod-like liquid crystal
was aligned approximately vertically in all of the cases.

<Preparation of Polarizing Plate Protective Film 1>

[0265] The following composition was charged in a mixing
tank and stirred under heating to dissolve the respective com-
ponents, thereby preparing a cellulose acetate solution A.

<Composition of cellulose acetate solution A>

Cellulose acetate having a degree of substitution
of 2.86:

Triphenyl phosphate (plasticizer):
Biphenyldipheny!l phosphate (plasticizer):
Methylene chloride (first solvent):

Methanol (second solvent):

1-Butanol (third solvent):

100 parts by mass

7.8 parts by mass
3.9 parts by mass
300 parts by mass
54 parts by mass
11 parts by mass

[0266] The following composition was charged in a sepa-
rate mixing tank and stirred under heating to dissolve the
respective components, thereby preparing an additive solu-
tion B-1.

<Composition of additive solution B-1>

Methylene chloride:
Methanol:
Retardation lowering agent as described below:

80 parts by mass
20 parts by mass
40 parts by mass

[Formula 89]
Retardation lowering agent

O

< > ll
S—NH
|
O

[0267] To 477 parts by mass of the cellulose acetate solu-
tion A, 40 parts by mass of the additive solution B-1 was
added, and thoroughly stirred to prepare a dope. The dope was
cast on a drum as cooled at 0° C. from a casting nozzle. The
film was peeled off'in the state that a solvent content was 70%
by mass, and the both ends in the width direction of the film
were fixed by a pin tenter (a pin tenter as described in FIG. 3
of TOKKAI No. hei 4-1009) and dried while keeping a gap
such that the stretching ratio in the transversal direction (the
vertical direction to the machine direction) became 3% in the
state of a solvent content of from 3 to 5% by mass. Thereafter,
the resulting film was further dried by delivering it between
rolls of a heat treatment device, thereby preparing a polariz-
ing plate protective film 1 having a thickness of 80 pm.

Jan. &, 2009

[0268] By using an automatic birefringence analyzer (KO-
BRA-21ADH, manufactured by Oji Scientific Instruments),
the light incident angle dependency of Re was measured to
calculate its optical characteristics. As a result, it could be
confirmed that Re and Rth were 1 nm and 6 nm, respectively.

<Preparation of Polarizing Plate A>

[0269] Next, iodine was adsorbed on a stretched polyvinyl
alcohol film to prepare a polarizing film, and a commercially
available cellulose acetate film (FUJITAC TD8OUF, manu-
factured by Fuji Photo Film Co., Ltd., Re=3 nm, Rth=45 pum)
was subjected to a saponification treatment and stuck onto
one surface of the polarizing film using a polyvinyl alcohol
based adhesive, thereby forming a polarizing plate A.

<Preparation of Polarizing Plate B>

[0270] Iodine was adsorbed on a stretched polyvinyl alco-
hol film to prepare a polarizing film, and a commercially
available cellulose acetate film (FUJITAC TD8OUF, manu-
factured by Fuji Photo Film Co., Ltd.) was subjected to a
saponification treatment and stuck onto the both surfaces of
the polarizing film using a polyvinyl alcohol based adhesive,
thereby forming a polarizing plate B.

<Preparation of Polarizing Plate C>

[0271] A polarizing film was prepared in the same manner,
and a commercially available cellulose acetate film (FUJI-
TAC TD80UF, manufactured by Fuji Photo Film Co.) was
subjected to a saponification treatment and stuck onto one
surface of the polarizing film using a polyvinyl alcohol based
adhesive. In addition, the polarizing plate protective film 1 as
prepared previously was stuck onto the other surface of the
polarizing film in the same manner, thereby forming a polar-
izing plate C.

<Preparation of Polarizing Plate D>

[0272] A polarizing film was prepared in the same manner,
and a commercially available cellulose acetate film (FUIJI-
TAC TD80UF, manufactured by Fuji Photo Film Co.) was
subjected to a saponification treatment and stuck onto one
surface of the polarizing film using a polyvinyl alcohol based
adhesive. In addition, a commercially available cellulose
acetate film (FUJITAC T40UZ, manufactured by Fuji Photo
Film Co., Ltd., Re=1 nm, Rth=35 nm) was subjected to a
saponification treatment and stuck onto the other surface of
the polarizing film using a polyvinyl alcohol based adhesive
in the same manner, thereby forming a polarizing plate D.

<Preparation of Polarizing Plate E>

[0273] A polarizing plate E was formed in the same manner
as in the polarizing plate C, except for using ZEONOA ZF14
(manufactured by Zeon Corporation, Re=5 nm, Rth=5 nm) in
place of the polarizing plate protective film 1.

Example 1

[0274] The retardation film 1 as prepared previously was
stuck onto the polarizing plate A in the side of the polarizing
film, onto which the cellulose acetate film was not stuck,
using a polyvinyl alcohol based adhesive so that the first
retardation region 1 was disposed at the polarizing film side
and the transmission axis of the polarizing film and the slow
axis of the first retardation region 1 were parallel to each
other, thereby forming a polarizing plate 1.
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[0275] This polarizing plate 1 was stuck onto one side of the
IPS mode liquid crystal cell 1 as prepared previously so that
the slow axis of the first retardation region 1 was parallel to
the rubbing direction of the liquid crystal cell (namely, the
slow axis of the first retardation region 1 was parallel to the
slow axis of the liquid crystal molecules of the liquid crystal
cell in a black state) and the second retardation region 1 was
disposed at the liquid crystal cell side.

[0276] Subsequently, the polarizing plate C was stuck onto
the other side of the IPS mode liquid crystal cell 1 so that the
polarizing plate protective film 1 was disposed at the liquid
crystal cell side and the polarizing plate C was disposed under
cross nicols against the polarizing plate 1, thereby preparing
a liquid crystal display device. Light leakage of the thus
prepared liquid crystal display device was measured. When
observed in the left oblique direction at 60°, the light leakage
was 0.06%.

Example 2

[0277] The retardation film 2 as prepared previously was
stuck onto the polarizing plate A in the side of the polarizing
film, onto which the cellulose acetate film was not stuck,
using a polyvinyl alcohol based adhesive so that the first
retardation region 1 was disposed at the polarizing film side
and the transmission axis of the polarizing film and the slow
axis of the first retardation region 1 were parallel to each
other, thereby forming a polarizing plate 2.

[0278] This polarizing plate 2 was stuck onto one side of the
IPS mode liquid crystal cell 1 as prepared previously so that
the slow axis of the first retardation region 1 was parallel to
the rubbing direction of the liquid crystal cell (namely, the
slow axis of the first retardation region 1 was parallel to the
slow axis of the liquid crystal molecules of the liquid crystal
cell in a black state) and the second retardation region 2 was
disposed at the liquid crystal cell side.

[0279] Subsequently, the polarizing plate D was stuck onto
the other side of the IPS mode liquid crystal cell 1 so that the
film T40UZ was disposed at the liquid crystal cell side and the
polarizing plate D was disposed under cross nicols against the
polarizing plate 2, thereby preparing a liquid crystal display
device. Light leakage of the thus prepared liquid crystal dis-
play device was measured. When observed in the left oblique
direction at 60°, the light leakage was 0.07%.

Example 3

[0280] The retardation film 3 as prepared previously was
stuck onto the polarizing plate B using an acrylic resin based
adhesive so that the second retardation region 3 was disposed
at the polarizing film side and the transmission axis of the
polarizing film and the slow axis of the first retardation region
2 were orthogonal to each other, thereby forming a polarizing
plate 3.

[0281] This polarizing plate 3 was stuck onto one side of the
IPS mode liquid crystal cell 1 as prepared previously so that
the slow axis of the first retardation region 2 was orthogonal
to the rubbing direction of the liquid crystal cell (namely, the
slow axis of the first retardation region 2 was orthogonal to the
slow axis of the liquid crystal molecules of the liquid crystal
cell in a black state) and the first retardation region 2 was
disposed at the liquid crystal cell side.

[0282] Subsequently, the polarizing plate C was stuck onto
the other side of the IPS mode liquid crystal cell 1 so that the
polarizing plate protective film 1 was disposed at the liquid
crystal cell side and the polarizing plate C was disposed under
cross nicols against the polarizing plate 3, thereby preparing
a liquid crystal display device. Light leakage of the thus
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prepared liquid crystal display device was measured. When
observed in the left oblique direction at 60°, the light leakage
was 0.08%.

Example 4

[0283] The film retardation 4 as prepared previously was
stuck onto the polarizing plate C using an acrylic resin based
adhesive so that the second retardation region 4 was disposed
at the polarizing film side and the transmission axis of the
polarizing film and the slow axis of the first retardation region
1 were orthogonal to each other, thereby forming a polarizing
plate 4.

[0284] This polarizing plate 4 was stuck onto one side of the
IPS mode liquid crystal cell 1 as prepared previously so that
the slow axis of the first retardation region 1 was orthogonal
to the rubbing direction of the liquid crystal cell (namely, the
slow axis of the first retardation region 1 was orthogonal to the
slow axis of the liquid crystal molecules of the liquid crystal
cell in a black state) and the first retardation region 1 was
disposed at the liquid crystal cell side.

[0285] Subsequently, the polarizing plate B was stuck onto
the other side of the IPS mode liquid crystal cell 1 so that it
was disposed under cross nicols against the polarizing plate 4,
thereby preparing a liquid crystal display device. Light leak-
age of the thus prepared liquid crystal display device was
measured. When observed in the left oblique direction at 60°,
the light leakage was 0.10%.

Example 5

[0286] The retardation film 6 was stuck in the ZEONOA
side of the polarizing plate E using an acrylic resin based
adhesive so that the second retardation region 6 was disposed
at the polarizing film side and the transmission axis of the
polarizing film and the slow axis of the first retardation region
1 were orthogonal to each other, thereby forming a polarizing
plate 6.

[0287] Using this polarizing plate 6, a liquid crystal display
device was prepared in the same manner as in Example 4, and
light leakage was measured. When observed in the left
oblique direction at 60°, the light leakage was 0.15%.

Example 6

[0288] The first retardation region 3 was stuck onto the
polarizing plate A using a polyvinyl alcohol based adhesive
so that its slow axis was parallel to the transmission axis of the
polarizing film. Next, the film retardation 5 was stuck onto the
first retardation region 3 having the polarizing plate A stuck
thereonto using an acrylic resin based adhesive so that the first
retardation region 3 was disposed at the side of the stuck first
retardation region 3 and the transmission axis of the polariz-
ing film of the polarizing plate A and the slow axis of the first
retardation region 3 were parallel to each other, thereby form-
ing a polarizing plate 5. In this case, the first retardation
region is composed of a laminate of two sheets of first retar-
dation regions 3 (Re=35 nm, Rth=135 nm) and has optical
characteristics of Re=70 nm, Rth=270 nm and Nz=4.4 as a
retardation region.

[0289] This polarizing plate 5 was stuck onto one side of the
IPS mode liquid crystal cell 1 as prepared previously so that
the slow axis of the first retardation region 3 was parallel to
the rubbing direction of the liquid crystal cell (namely, the
slow axis of the first retardation region 3 was parallel to the
slow axis of the liquid crystal molecules of the liquid crystal
cell in a black state) and the second retardation region 3 was
disposed at the liquid crystal cell side.

[0290] Subsequently, the polarizing plate D was stuck onto
the other side of the IPS mode liquid crystal cell 1 so that the
film T40UZ was disposed at the liquid crystal cell side and the
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polarizing plate D was disposed under cross nicols against the
polarizing plate 2, thereby preparing a liquid crystal display
device. Light leakage of the thus prepared liquid crystal dis-
play device was measured. When observed in the left oblique
direction at 60°, the light leakage was 0.13%.

Example 7

[0291] A polarizing plate 7 was prepared in the same man-
ner as in the preparation of the polarizing plate 1 as described
in Example 1, except for using the retardation film 8 in the
place of the retardation film 1. In addition, the polarizing plate
7 was stuck onto a liquid crystal cell in the same manner as
described in Example 1, thereby preparing a liquid crystal
display device. Leaked light of the thus prepared liquid crys-
tal display device was measured. When observed in the left
oblique direction at 60°, the light leakage was 0.05%.

Example 8

[0292] A polarizing plate 8 was prepared in the same man-
ner as in the preparation of the polarizing plate 1 as described
in Example 1, except for using the retardation film 9 in the
place of the retardation film 1. In addition, the polarizing plate
8 was stuck onto a liquid crystal cell in the same manner as
described in Example 1, thereby preparing a liquid crystal
display device. Light leakage of the thus prepared liquid
crystal display device was measured. When observed in the
left oblique direction at 60°, the light leakage was 0.04%.

Comparative Example 1

[0293] A commercially available polarizing plate (HLC2-
5618, manufactured by Sanritz Corporation) was stuck onto
the both sides of the IPS mode liquid crystal cell 1 as prepared
previously in the cross nicols disposition to prepare a liquid
crystal display device. An optical compensation film was not
used. In the foregoing liquid crystal display device, the polar-
izing plates were stuck in the same manner as in Example 1 so
that the transposition axis of the upper polarizing plate was
parallel to the rubbing direction of the liquid crystal cell.
Light leakage of the thus prepared liquid crystal display
device was measured. When observed in the left oblique
direction at 60°, the light leakage was 0.55%.

Example 9
Preparation of IPS Mode Liquid Crystal Cell 1-2

[0294] As shown in FIG. 1, electrodes (2 and 3 in FIG. 1)
were disposed at a distance between the electrodes adjacent to
each other of 20 um on one sheet of a glass substrate, and a
polyimide film was provided as an alignment layer thereon,
followed by performing a rubbing treatment. The rubbing
treatment was performed to the direction 4 as shown in FIG.
1. A polyimide film was provided on one surface of one sheet
of a separately prepared glass substrate and subjected to a
rubbing treatment to form an alignment layer. The two sheets
of glass substrates were superimposed and stuck at a gap (d)
between the substrates of 3.9 pum while facing the alignment
layers each other such that the rubbing directions of the two
sheets of glass substrates were parallel to each other, and a
nematic liquid crystal composition having a refractive index
anisotropy (An) of 0.0769 and a dielectric anisotropy (A€) of
+4.5 was then enclosed. A d-An value of the liquid crystal
layer was 300 nm.

<Preparation of First Retardation Film 1-2>

[0295] The following composition was charged in a mixing
tank and stirred under heating to dissolve the respective com-
ponents, thereby preparing a cellulose acetate solution. The
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subject solution was filtered under a pressure of not more than
5 kg/em® by using filter paper (No. 63, manufactured by
Advantec) having a retained particle size of 4 um and a
filtration time of 35 seconds.

[Composition of cellulose acetate solution]

Cellulose acetate having a degree of acetylation
of 60.9% (degree of polymerization: 300,
Mn/Mw = 1.5):

Triphenyl phosphate (plasticizer):
Biphenyldiphenyl phosphate (plasticizer):
Methylene chloride (first solvent):

Methanol (second solvent):

1-Butanol (third solvent):

100 parts by mass

7.8 parts by mass
3.9 parts by mass
300 parts by mass
54 parts by mass
11 parts by mass

[0296] In another mixing tank, 8 parts by mass of the fol-
lowing retardation enhancer A, 10 parts by mass of the fol-
lowing retardation enhancer B, 0.28 parts by mass of a silicon
dioxide fine particle (mean particle size: 0.1 um), 80 parts by
mass of methylene chloride, and 20 parts by mass of methanol
were charged and stirred under heating to prepare a retarda-
tion enhancer solution (also serving as a fine particle disper-
sion). With 474 parts by mass of the foregoing cellulose
acetate solution, 40 parts by mass of the foregoing retardation
enhancer solution was mixed, and the mixture was thor-
oughly stirred to prepare a dope.

[Formula 90]
CHj3
NH N. NH
TT
CH3 N\( N
NH
CH;
Retardation enhancer A

[Formula 91]

et l@OCO@COO@CSHII

Retardation enhancer B

[0297] The resulting dope was cast by using a band casting
machine. A film having a residual solvent amount of 15% by
mass was transversally stretched in a stretching ratio of 20%
under a condition at 130° C. by using a tenter and held at 50°
C. for 30 seconds while keeping the width after stretching,
and a clip was then eliminated to prepare a cellulose acetate
film. At the time of completion of stretching, the residual
solventamount was 5% by mass. The film was further dried to
prepare a film having a residual solvent amount of less than
0.1% by mass.

[0298] The thus obtained film (first retardation film 1-2)
had a thickness of 80 um. With respect to the thus prepared
first retardation film 1, the light incident angle dependency of
Re was measured by using an automatic birefringence ana-
lyzer (KOBRA-21ADH, manufactured by Oji Scientific
Instruments). As a result, Re was 70 nm, and Rth was 175 nm.
Thus, it was noted that Nz was 3.0.
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<Preparation of Second Retardation Film 1-2>

[0299] The surface of the thus prepared first retardation
film 1-2 was subjected to a saponification treatment, and a
coating liquid for alignment layer having the following com-
position was coated in an amount of 20 mL/m? on this film by
using a wire bar coater. The coated film was dried by warm air
at 60° C. for 60 seconds and additionally by warm air at 100°
C. for 120 seconds to form a film. Next, the formed film was
subjected to a rubbing treatment in the direction parallel to the
slow axis direction of the film to obtain an alignment layer.
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tured by Nippon Kayaku Co., Ltd.), and 0.002 g of the fol-
lowing vertically aligning agent at an air interface were dis-
solved in 9.2 g of methyl ethyl ketone to prepare a solution.
This solution was coated on the side of the alignment layer of
the film having the foregoing alignment layer formed thereon
by using a #4.5 wire bar. The resulting film was stuck on a
metallic frame and heated in a thermostat at 100° C. for 2
minutes, thereby aligning the rod-like liquid crystalline com-
pound. Next, the rod-like liquid crystalline compound was
crosslinked upon UV irradiation at 80° C. for 20 seconds by
a high pressure mercury vapor lamp of 120 W/cm and then

[Composition of coating liquid for alignment layer]

Modified polyvinyl alcohol (AL-1) as described

10 parts by mass

below:

Pyridinium salt as described below: 0.1 parts by mass

Water: 371 parts by mass

Methanol: 119 parts by mass

Glutaldehyde: 0.5 parts by mass
[Formula 92]

AL-1 (Modified polyvinyl alcohol)
—(—CHZ—?HW(-CHZ—CH-)T(-CHZ—?H-)F

OH
Pyridinium salt

CHj;

OCOCH; OCONHCH,CH,0COC=CH,

cl
0 o) — /CH3
0 0 \ / \CH3

[0300] Next, 3.8 g of the following rod-like liquid crystal-
line compound A, 0.06 g of a photopolymerization initiator
(IRGACURE 907, manufactured by Ciba Speciality Chemi-
cals), 0.02 g of a sensitizer (KAYACURE DETX, manufac-

(¢]

A

NN A cH,
\I(l/ \Q(O
(@]
" e
O (@]
O)I\O/\/\/

allowed to stand for cooling to room temperature, thereby
forming an optically anisotropic layer. There was thus
obtained a retardation film 1-2 having the second retardation
film formed on the first retardation film.

[Formula 93]

m

(6]

Rod-like liquid crystalline compound A

_tCHZ_CH}a T CHZ_CH}b \CHZ_CHﬁc_
COOCH,CH,(CF,)¢F  COO(C3HgO)¢H COOH
Vertically aligning agent at an air interface
a=40
b=55

c=5

[Formula 94]
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[0301] By measuring the light incident angle dependency
ofRe of the prepared film by using an automatic birefringence
analyzer (KOBRA-21ADH, manufactured by Oji Scientific
Instruments) and subtracting a previously measured contri-
bution part of the support therefrom, the optical characteris-
tics of only the second retardation film were calculated. As a
result, the second retardation film 1-2 had an Re of 0 nm and
an Rth of -218 nm. Thus, it was confirmed that the rod-like
liquid crystal was aligned approximately vertically.

[0302] Also, the thus prepared second retardation film 1-2
was observed by a polarizing microscope to evaluate the
alignment state and alignment defects. The number of align-
ment defects as formed in the optically anisotropic layer was
examined through observation by an optical microscope. As a
result, the number of point defects (average value within the
range of 1.0 mm?) was five within the range of 1.0 mm?.

[0303] In addition, with respect to the evaluation of adhe-
sion, a commercially available tape (PET) was stuck on the
surface of the film and after 30 seconds, was peeled off,
thereby observing the state. The evaluation was made by five
grades according to the following criteria. As a result, the
adhesion of the second retardation film 1 had a level of A.

A: Not peeled at all

B: 1 to 10% peeled

C: 10 to 30% peeled
D: 30 to 50% peeled
E: 50% or more peeled

<Preparation of Polarizing Plate Protective Film 1-2>

[0304] The following composition was charged in a mixing
tank and stirred under heating to dissolve the respective com-
ponents, thereby preparing a cellulose acetate solution A.

[Composition of cellulose acetate solution A]

Cellulose acetate having a degree of substitution
of 2.86:

Triphenyl phosphate (plasticizer):
Biphenyldipheny! phosphate (plasticizer):
Methylene chloride (first solvent):

Methanol (second solvent):

1-Butanol (third solvent):

100 parts by mass

7.8 parts by mass
3.9 parts by mass
300 parts by mass
54 parts by mass
11 parts by mass

[0305] The following composition was charged in another
mixing tank and stirred under heating to dissolve the respec-
tive components, thereby preparing an additive solution B-1.

[Composition of additive solution B-1]

Methylene chloride: 80 parts by mass

Methanol: 20 parts by mass
Optical anisotropy lowering agent as described 40 parts by mass
below:

[Formula 95]

Optical anisotropy lowering agent

[¢]

ll
S—NH
I
0}
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[0306] To 477 parts by mass of the cellulose acetate solu-
tion A, 40 parts by mass of the additive solution B-1 was
added and thoroughly stirred to prepare a dope. The dope was
cast on a drum as cooled at 0° C. from a casting nozzle. The
film was peeled off'in the state that a solvent content was 70%
by mass, and the both ends in the width direction of the film
were fixed by a pin tenter (a pin tenter as described in FIG. 3
of TOKKAI No. hei 4-1009) and dried while keeping a gap
such that the stretching ratio in the transversal direction (the
vertical direction to the machine direction) became 3% in the
state of'a solvent content of from 3 to 5% by mass. Thereafter,
the resulting film was further dried by delivering it between
rolls of a heat treatment device, thereby preparing a polariz-
ing plate protective film 1-2 having a thickness of 80 um.
[0307] By using an automatic birefringence analyzer (KO-
BRA-21ADH, manufactured by Oji Scientific Instruments),
the light incident angle dependency of Re was measured to
calculate its optical characteristics. As a result, it could be
confirmed that Re and Rth were 1 nm and 6 nm, respectively
(measurement wavelength A: 589 nm).

<Preparation of Polarizing Plate A-2>

[0308] Next, iodine was adsorbed on a stretched polyvinyl
alcohol film to prepare a polarizing film, and a commercially
available cellulose acetate film (FUJITAC TD8OUF, manu-
factured by Fuji Photo Film Co., Ltd., Re=3 nm, Rth=45 nm)
was subjected to a saponification treatment and stuck onto
one surface of the polarizing film using a polyvinyl alcohol
based adhesive, thereby forming a polarizing plate A-2.

<Preparation of Polarizing Plate B-2>

[0309] A polarizing film was prepared in the same maimer,
and a commercially available cellulose acetate film (FUIJI-
TAC TD80UF, manufactured by Fuji Photo Film Co.) was
subjected to a saponification treatment and stuck onto one
surface of the polarizing film using a polyvinyl alcohol based
adhesive. In addition, the polarizing plate protective film 1 as
prepared previously was stuck onto the other surface of the
polarizing film in the same manner, thereby forming a polar-
izing plate B-2.

<Preparation of Liquid Crystal Display Device>

[0310] The retardation film 1-2 of the invention as prepared
previously was stuck onto the polarizing plate A-2 in the side
of the polarizing film, onto which the cellulose acetate film
was not stuck, using a polyvinyl alcohol based adhesive so
that the first retardation film 1-2 was disposed at the polariz-
ing film side and the transmission axis of the polarizing film
and the slow axis of the first retardation film 1-2 were parallel
to each other, thereby forming a polarizing plate 1-2.

[0311] This polarizing plate 1-2 was stuck onto one side of
the IPS mode liquid crystal cell 1-2 as prepared previously so
that the slow axis of the first retardation film 1-2 was parallel
to the rubbing direction of the liquid crystal cell (namely, the
slow axis of the first retardation film 1-2 was parallel to the
slow axis of the liquid crystal molecules of the liquid crystal
cell in a black state) and the second retardation film 1-2 was
disposed at the liquid crystal cell side.

[0312] Subsequently, the polarizing plate B-2 was stuck
onto the other side of the IPS mode liquid crystal cell 1-2 so
that the polarizing plate protective film 1-2 was disposed at
the liquid crystal cell side and the polarizing plate B-2 was
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disposed under cross nicols against the polarizing plate 1-2,
thereby preparing a liquid crystal display device. Light leak-
age of the thus prepared liquid crystal display device was
measured. When observed in the left oblique direction at 60°,
the light leakage was 0.1%. Incidentally, the leaked light as
referred to in this description is one as measured in the fol-
lowing manner.

[0313] First ofall, the liquid crystal cell 1-2 in the state that
polarizing plates were not stuck was placed on a shaukasten
unit set up in a dark room and measured as Luminance 1 by
using a luminance meter which was set at the position which
was in the left direction at the azimuth of 45° with respect to
the rubbing direction of the liquid crystal cell and was far by
one meter in the direction of 60° rotated from the normal
direction of the liquid crystal cell.

[0314] Next, the liquid crystal display panel of Example 9
was similarly disposed on the same shaukasten unit and mea-
sured for Luminance 2 in the black state in the same manner.
A percentage of a measured value, Luminance 2, to Lumi-
nance 1 was defined as light leakage.

Pyridinium salt

CgHj3— N7 N*—CgH;3 2Br
\ 7/ \ /

1II-1

CH;

CgH 70

(4D
Ammonium salt A

cr §Hs

CigHz7— N*— CH,CH,CH,Si(OCH;)s
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Example 10
Preparation of Second Retardation Films 2-2 to 7-2

[0315] Second retardation films 2-2, 3-2 and 4-2 were pre-
pared in the same manner as in the foregoing preparation of
the second retardation film 1-2, except for adding the follow-
ing specific examples (II-1), (II-29) and (41), respectively, to
an alignment layer in the place of the foregoing pyridinium
salt. Furthermore, as comparative examples, a second retar-
dation film 5-2 was prepared in the same manner, except for
not adding the pyridinium salt to the alignment layer; and a
second retardation film 6-2 was prepared in the same manner,
except for adding the following ammonium salt A in place of
the pyridinium salt. In addition, a second retardation film 7-2
was prepared in the same manner as in the second retardation
film 5-2, except for using the following vertical alignment
layer (AL-2) as the alignment layer. The alignment direction
of the rod-like liquid crystal, alignment defect and adhesion
of each of the thus prepared retardation films were evaluated
in the same manner as in the foregoing second retardation film
1-2. The results obtained are shown in the following Table 3.

[Formula 96]

N*— (CHy)50 OCH; Br
e )= )

1I-29

Br
[¢] o — CH;3
. /
OCH,CH,— N\ / N\
(6] o CH;3

CH3
_(CHZ_TH)Q_ — (CH,—CH);,— —_— (CHz_TH)zs_
OH O—CO—CH3; O—CO@CO—O
(AL-2)
TABLE 3
Number of
Alignment Alignment of alignment
Film No. Second retardation region 1 layer Pyridinium salt rod-like liquid crystal defects ~ Adhesion
Retardation film  Second retardation region AL-1 28 Vertically aligned 5
Retardzla.‘;izon film  Second retalrzization region AL-1 1I-1 Vertically aligned 15 A
Retardi;l'zon film  Second retazr;lzation region AL-1 11-29 Vertically aligned 10 A
Retard:z.;izon film  Second retjr;ization region AL-1 41 Vertically aligned 2 A
Retardifiizon film  Second ret;r;ization region AL-1 — Horizontally aligned 5 A
5-2 5-2
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TABLE 3-continued

Number of
Alignment Alignment of alignment
Film No. Second retardation region 1 layer Pyridinium salt rod-like liquid crystal defects ~ Adhesion

Retardation film  Second retardation region AL-1 Ammonium salt A Vertically aligned 30 B

6-2 6-2
Retardation film  Second retardation region AL-2 — Vertically aligned 50 E

7-2 7-2

[0316] Itis noted from the foregoing results that by using a [0321] [FIG. 3] is an outline view to show another embodi-

pyridinium salt as a vertically aligning agent in the alignment
layer and a vertically aligning agent at an air interface in the
optically anisotropic layer, even when a special polymer is
not used, it is possible to prepare a retardation film by using a
modified polyvinyl alcohol having high industrial productiv-
ity and aligning the rod-like liquid crystal uniformly and
vertically with less defects.

Example 11

[0317] Polarizing plates 2-2 to 7-2 were prepared in the
same manner as in Example 9, except that in Example 9, the
retardation films 2-2 to 5-2 of the invention and the compara-
tive retardation films 6-2 and 7-2, prepared in Example 10
respectively, were used in the place of the retardation film 1-2
of the invention. Furthermore, by using these polarizing
plates, liquid crystal display devices were prepared in the
same manner as in Example 9, and light leakage as observed
in the left oblique direction at 60° was measured. The results
obtained are shown in the following Table 4.

TABLE 4
Polarizing Second retardation  Light
plate Film No. region 1 leakage Remark
Polarizing Retardation ~ Second retardation ~ 0.10%  Invention
plate 1-2 film 1-2 region 1-2
Polarizing Retardation  Second retardation  0.12%  Invention
plate 2-2 film 2-2 region 2-2
Polarizing Retardation  Second retardation  0.11%  Invention
plate 3-2 film 3-2 region 3-2
Polarizing Retardation  Second retardation ~ 0.08%  Invention
plate 4-2 film 4-2 region 4-2
Polarizing Retardation  Second retardation  0.55%  Comparison
plate 5-2 film 5-2 region 5-2
Polarizing Retardation ~ Second retardation  0.23%  Comparison
plate 6-2 film 6-2 region 6-2
Polarizing Retardation ~ Second retardation  0.15%  Comparison
plate 7-2 film 7-2 region 7-2
[0318] From the results as shown in Table 4, by using a

pyridinium salt as a vertically aligning agent in the alignment
layer and using a vertically aligning agent at an air interface in
the optically anisotropic layer, it was possible to prepare a
liquid crystal display device with less light leakage from the
oblique direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0319] [FIG. 1] is an outline view to show an example of a
pixel region of a liquid crystal display device of the invention.
[0320] [FIG. 2] is an outline view to show one embodiment
of a liquid crystal display device of the invention.

ment of a liquid crystal display device of the invention.

EXPLANATION OF SIGNS
[0322] 1 Pixel region of liquid crystal element
[0323] 2 Pixel electrode
[0324] 3 Display electrode
[0325] 4 Rubbing direction
[0326] 5a, 5b Director of liquid crystal compound in a
black state
[0327] 6a, 65 Director of liquid crystal compound at the

time of white display

[0328] 7a, 7b, 19a, 195 Protective film for polarizing
film

[0329] 8, 20 Polarizing film

[0330] 9, 21 Polarizing transmission axis of polarizing
film

[0331] 10 First retardation region

[0332] 11 Slow axis of first retardation region

[0333] 12 Second retardation region

[0334] 13, 17 Cell substrate

[0335] 14, 18 Rubbing direction of cell substrate

[0336] 15 Liquid crystal layer

[0337] 16 Slow axis direction of liquid crystal layer

[0338] This application claims benefit of priorities to Japa-

nese Patent Application No. 2004-261898 filed Sep. 9, 2004,
and Japanese Patent Application No. 2005-051076 filed Feb.
25, 2005.

1. A liquid crystal composition comprising:
at least one onium salt,
at least one rod-like liquid crystalline compound, and

at least one additive capable of promoting a vertical align-
ment of molecules of the rod-like liquid crystalline com-
pound at an air interface.

2. The liquid crystal composition of claim 1, wherein the
additive is a compound having a fluoroaliphatic group and at
least one hydrophilic group selected from the group consist-
ing of a carboxyl group (—COOH), a sulfo group (—SO,H),
a sulfate group (—OSO;H), a phosphonoxy group {—OP
(=0)(OH),}, and salts thereof.

3. The liquid crystal composition of claim 1, wherein the
additive is a copolymer comprising at least one repeating unit
derived from a fluoro-aliphatic group-containing monomer
and at least one repeating unit represented by the following
formula (1):
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[Formula 1]
Formula (1)
R> R
||
RP L—Q

wherein R, R?, and R? each independently represents a
hydrogen atom or a substituent; L, represents a diva-
lent linking group selected from Linking Group
shown below or a divalent linking group consisting of
two or more selected from Linking Group shown

below;
(Linking Group)
a single bond, —O—, —CO—, —NR*— (where R*
represents a hydrogen atom, an alkyl group, an aryl
group or an aralkyl group), —S—, —SO,—,

—P(=0)(OR®)— (where R’ represents an alkyl
group, an aryl group or an aralkyl group), an alkylene
group and arylene group; and
Q represents a carboxyl group (—COOH) or a salt thereof,
a sulfo group (—SO;H) or a salt thereof, or a phospho-
noxy group {—OP(=0)(OH),} or a salt thereof.
4. The liquid crystal composition of claim 1, wherein the
additive is a compound represented by the following formula

@
(R),,-LO-(W),

wherein R° represents an alkyl group, an alkyl group hav-
ing a terminal CF; group or an alkyl group having a
terminal CF,H group; m represents an integer of 1 or
more; plural R% may be the same or different, provided
that at least one R° represents an alkyl group having a
terminal CF, group or a terminal CF,H group; L.° repre-
sents a linking group having a valence of (m+n); W
represents a carboxyl group (—COOH) or a salt thereof,
a sulfo group (—SO;H) or a salt thereof, a sulfate group
(—OSO;H) group or a salt thereof, or a phosphonoxy
group {—OP(=0)(OH), } or a salt thereof; and n rep-
resents an integer of 1 or more.

5. The liquid crystal composition of claim 1, wherein the
onium salt is a quaternary ammonium salt.

6. The liquid crystal composition of claim 1, wherein the
onium salt is a compound represented by the following for-
mula (3a) or (3b):

[Formula 2]

Formula (2)

Formula (3a)
4
RS—N7 \ X
\=/\(D)m

wherein R® represents a substituted or non-substituted
alkyl, alkenyl, alkynyl, aralkyl, aryl or heterocyclic
group; D represents a group capable of hydrogen
bonding; m represents an integer of from 1 to 3; and
X represents an anion;
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[Formula 3]
Formula (3b)
7\ T
R—N’ N*—R!° 2X°
_/ 7

wherein R® and R'® each represents a substituted or
non-substituted alkyl, alkenyl, alkynyl, aralkyl, aryl
or heterocyclic group; and X~ represents an anion.
7. The liquid crystal composition of claim 1, wherein the
onium salt is a compound represented by the following for-
mula (4):
[Formula 4]

Formula (4)

(T)q
S— rRU
&)
/] \ 7/ \w
x©

wherein L' and I.? respectively represent a divalent link-
ing group or a single bond; Y represents a substituent
capable of binding to phenyl other than a hydrogen
atom; Z represents a hydrogen atom, a substituted or
non-substituted aliphatic hydrocarbon group or a sub-
stitute or non-substituted aryl group; R'' and R'?
respectively represent a hydrogen atom, an alkyl
group, an aryl group, an acyl group, a carboamyl
group, a hydroxyl group or an amino group, and R*!
and R'* may bind to each other to from a ring; n and p
respectively represent an integer from 1 to 10, q is an
integer from 0 to 4, provided that when p is 2 or more,
L?s,Ys and gs in the respective repeating units may be
the same or different; and X~ represents an anion.

8. An optical compensation film comprising an optically
anisotropic layer formed of a liquid crystal composition of
claim 1.

9. The optical compensation film of claim 8, wherein mol-
ecules of the rod-like liquid crystalline compound are aligned
substantially vertically in the optically anisotropic layer.

10. An optical compensation film comprising:

an alignment layer comprising at least one polymer and at

least one onium salt and

an optically anisotropic layer formed of a composition

comprising at least one rod-like liquid crystalline com-
pound and at least one compound selected from com-
pounds represented by a following formula (1) or a
following formula (2):

[Formula 5]
Formula (1)
R? R!
[
R® L—Q



US 2009/0009693 A1

wherein R', R?, and R® each independently represents a
hydrogen atom or a substituent; L represents a divalent
linking group selected from Linking Group shown
below or a divalent linking group consisting of two or
more selected from Linking Group shown below;

(Linking Group)

a single bond, —O—, —CO—, —NR*— (where R* rep-
resents a hydrogen atom, an alkyl group, an aryl group or
an aralkyl group), —S—, —SO,—, —P(=0)(OR®)—
(where R® represents an alkyl group, an aryl group or an
aralkyl group), an alkylene group and arylene group; and

Q represents a carboxyl group (—COOH) or a salt thereof,
a sulfo group (—SO,H) or a salt thereof, or a phospho-
noxy group {—OP(=0)(OH),} or a salt thereof;

(R9),,-LO-(W), Formula (2)

wherein R° represents an alkyl group, an alkyl group hav-
ing a terminal CF; group or an alkyl group having a
terminal CF,H group; m represents an integer of 1 or
more; plural R% may be the same or different, provided
that at least one R° represents an alkyl group having a
terminal CF, group or a terminal CF,H group; L° repre-
sents a linking group having a valence of (m+n); W
represents a carboxyl group (—COOH) or a salt thereof,
a sulfo group (—SO;H) or a salt thereof, a sulfate group
(—OSO;H) group or a salt thereof, or a phosphonoxy
group {—OP(=0)(OH), } or a salt thereof; and n rep-
resents an integer of 1 or more.

11. The optical compensation film of claim 10, wherein the
onium salt is at least one compound selected from compounds
represented by a following formula (3a) or a following for-
mula (3b):

[Formula 6]

Formula (3a)

RS—N+/ \ X

\=/\(D)

wherein R® represents a substituted or non-substituted
alkyl, alkenyl, alkynyl, aralkyl, aryl or heterocyclic
group; D represents a group capable of hydrogen
bonding; m represents an integer of from 1 to 3; and
X represents an anion;

[Formula 7]

Formula (3b)
74
RO—N A \ /W—RIO X

wherein R® and R'° each represents a substituted or
non-substituted alkyl, alkenyl, alkynyl, aralkyl, aryl
or heterocyclic group; and X~ represents an anion.
12. The optical compensation film of claim 10, wherein the
onium salt is a compound represented by the following for-
mula (4):
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[Formula 8]

Formula (4)

olf)q
— R!

®
/] \ 7/ \.

XG

wherein L' and I? respectively represent a divalent link-
ing group or a single bond; Y represents a substituent
capable of binding to phenyl other than a hydrogen
atom; Z represents a hydrogen atom, a substituted or
non-substituted aliphatic hydrocarbon group or a sub-
stitute or non-substituted aryl group; R'' and R*?
respectively represent a hydrogen atom, an alkyl
group, an aryl group, an acyl group, a carboamyl
group, a hydroxyl group or an amino group, and R**
and R'? may bind to each other to from a ring; nand p
respectively represent an integer from 1 to 10, q is an
integer from 0 to 4, provided that when p is 2 or more,
L%s,Ys and gs in the respective repeating units may be
the same or different; and X~ represents an anion.

13. The optical compensation film of claim 10, wherein
molecules of the rod-like liquid crystalline compound are
aligned substantially vertically with respect to a film plane of
the optically anisotropic layer.

14. The optical compensation film of claim 10, wherein the
alignment layer comprises a polyvinyl alcohol derivative as a
major component.

15. A liquid crystal display device comprising at least:

a first polarizing film, a first retardation region, a second
retardation region, and a liquid crystal cell comprising a
liquid crystal layer interposed between a pair of sub-
strates, in which liquid crystal molecules are aligned
substantially parallel to the surfaces of the pair of sub-
strates in a black state,

wherein retardation Re (A) of the first retardation region at
a wavelength of A nm is from 20 nm to 150 nm; and an
Nz value of the first retardation region, as defined
according to {Nz=(nx-nz)/(nx-ny)} by using in-plane
refractive indexes nx and ny (nx>ny) and a refractive
index nz in the thickness direction, is from 1.5 to 7,

in-plane refractive indexes nx and ny of the second retar-
dation region are substantially equal to each other; nx is
smaller than nz; retardation Rth (M) of the second retar-
dation region in the thickness direction at a wavelength
of A nm is from -80 nm to —400 nm; the second retar-
dation region comprises an optically anisotropic layer
formed of a liquid crystal composition of claim 1; and
molecules of the rod-like liquid crystalline compound
are aligned substantially vertically in the optically aniso-
tropic layer, and
a transmission axis of the first polarizing film is parallel to
the slow axis direction of the liquid crystal molecules of
the liquid crystal layer in a black state.
16. The liquid crystal display of claim 15, wherein the first
polarizing film, the first retardation region, the second retar-
dation region, and the liquid crystal cell are disposed in this
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order; and the slow axis of the first retardation region is
substantially parallel to the transmission axis of the first
polarizing film.

17. The liquid crystal display device of claim 15, wherein
the first polarizing film, the second retardation region, the first
retardation region, and the liquid crystal cell are disposed in
this order, and the slow axis of the first retardation region
substantially orthogonal to the transmission axis of the first
polarizing film.

18. The liquid crystal display device of claim 15, further
comprising a second polarizing film having a transmission
axis orthogonal to the transmission axis of the first polarizing
film, wherein the first and second polarizing films are dis-
posed so as to interpose the first retardation region, the second
retardation region, and the liquid crystal cell therebetween.

Jan. &, 2009

19. The liquid crystal display device of claim 15, further
comprising a pair of protective films disposed so as to inter-
pose the first polarizing film and/or the second polarizing film
therebetween, wherein one of the pair of protective films,
which is disposed closer to the liquid crystal layer, has retar-
dation Rth in the thickness direction of not greater than 40
nm.
20. The liquid crystal display device of claim 15, further
comprising a pair of protective films disposed so as to inter-
pose the first polarizing film and/or the second polarizing film
therebetween, wherein one of the pair of protective films,
which is disposed closer to the liquid crystal layer, is a cellu-
lose acylate film or a norbornene based film.

* * #* ok %
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