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(54) PHASE DIFFERENCE FILM AND LIQUID CRYSTAL DISPLAY DEVICE PROVIDED WITH SAME

(57) A phase difference film obtained by stretching a
resin film formed of a resin composition containing a co-
polymer having a first structural unit represented by the
following formula (1) and a second structural unit repre-
sented by the following formula (2), in at least a uniaxial
direction, in which the content of the first structural unit
in the above-described copolymer is 3 to 50 mol% on the
basis of the total of the first structural unit and the second
structural unit.
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Description

Technical Field

[0001] The present invention relates to a phase difference film and a liquid crystal display device provided with the same.

Background Art

[0002] For a liquid crystal display device such as a liquid crystal display (LCD), a phase difference film whose optical
anisotropy is controlled is used for the purpose of optical compensation, and conventionally, a phase difference film
mainly made of a material having positive birefringence, such as polycarbonate and cyclic polyolefin, has been used
(for example, refer to Patent Literature 1).
[0003] In contrast, as a phase difference film made of a material having negative birefringence, a phase difference
film made of polystyrene is disclosed in Patent Literature 2.
[0004] Moreover, a phase difference film having a reverse wavelength dispersion property, which contains a polystyrene
resin having a syndiotactic structure and poly(2,6-dimethyl-1,4-phenylene oxide), is disclosed in Patent Literature 3.

Citation List

Patent Literature

[0005]

Patent Literature 1: Japanese Patent Application Laid-Open No. 2003-255102
Patent Literature 2: U.S. Patent No. 5612801
Patent Literature 3: Japanese Patent Application Laid-Open No. 2010-78905

Summary of Invention

Technical Problem

[0006] A material having negative optical anisotropy means a material in which a refractive index in the chemical
structural orientation direction of a polymer main chain becomes the minimum; the chemical structural orientation direction
of a polymer main chain being a stretching direction in the case of uniaxially stretching a film made of this material, and
being a stretching direction along which a degree of orientation becomes more increased in the case of biaxial stretching.
On the other hand, a material having positive optical anisotropy means a material in which a refractive index in the
chemical structural orientation direction of a polymer main chain becomes the maximum.
[0007] A phase difference film obtained by stretching a resin having negative birefringence is a "negative phase
difference film" in which the phase difference Rth in the thickness direction is negative. The phase difference Rth is
given by the expresion: {(Nx+Ny)/2-Nz}3d, when a main stretching direction is referred to as an x-axial in a film plane,
a refractive index in the x-axial direction is referred to as Nx, a refractive index in a y-axial direction perpendicular to the
x-axial in the film plane is referred to as Ny, a refractive index in a direction perpendicular to both of the x-axial and the
y-axial, is referred to as Nz, and the film thickness is referred to as d.
[0008] A phase difference film having a reverse wavelength dispersion property is a phase difference film in which
birefringence Δn=|Nx-Ny| is smaller at a shorter wavelength and larger at a longer wavelength and the wavelength
dispersion value D is less than 1. The wavelength dispersion value D is a ratio of birefringence Δn_450 at the wavelength
of 450 nm to birefringence Δn_550 at the wavelength of 550 nm, and is given by the equation Δn_450/Δn_550.
[0009] A negative phase difference film is expected to be used as a viewing angle compensation film in an IPS or FFS
mode, a circular polarizing VA mode, and the like, but the phase difference film described in Patent Literature 2 has a
problem of low heat resistance.
[0010] Although not described in Patent Literature 3, since the optical film described in Patent Literature 3 is a blend
of polystyrene and poly(2,6-dimethyl-1,4-phenylene oxide), the glass-transition temperature of the film described in
Examples is presumed to be about 115°C, and it cannot be said that the film has sufficient heat resistance as a phase
difference film.
[0011] It is an object of the present invention to provide a negative phase difference film which excels in heat resistance
and optical properties. Moreover, it is an object of the present invention to provide a liquid crystal display device provided
with the phase difference film.
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Solution to Problem

[0012] One aspect of the present invention relates to a phase difference film obtained by stretching a resin film formed
of a resin composition containing a copolymer having a first structural unit represented by the following formula (1) and
a second structural unit represented by the following formula (2), in at least a uniaxial direction, in which the content of
the first structural unit in the copolymer is 3 to 50 mol% on the basis of the total of the first structural unit and the second
structural unit:

wherein a and b each represent independently an integer of 0 to 5; R and R2 each represent independently a hydrogen
atom or an organic residue having 1 to 12 carbon atoms; and when a or b is an integer of 2 or more, a plurality of R1 or
R2 each may be the same or different from each other; and

wherein c represents an integer of 0 to 5; R3 represents a hydrogen atom or an organic residue having 1 to 4 carbon
atoms; R4 represents a hydrogen atom or an organic residue having 1 to 12 carbon atoms; and when c is an integer of
2 or more, a plurality of R4 may be the same or different from each other.
[0013] The foregoing phase difference film can be suitably used as a negative phase difference film which excels in
heat resistance and optical properties.
[0014] Moreover, another aspect of the present invention relates to a phase difference film obtained by stretching a
resin film formed of a resin composition containing a copolymer having a first structural unit represented by the following
formula (1) and a second structural unit represented by the following formula (2), and poly(2,6-dimethyl-1,4-phenylene
oxide), in at least a uniaxial direction, in which the content of the poly(2,6-dimethyl-1,4-phenylene oxide) in the resin
composition is 5 to 30 mass% on the basis of the total amount of the resin composition.:

wherein a and b each represent independently an integer of 0 to 5; R1 and R2 each represent independently a hydrogen
atom or an organic residue having 1 to 12 carbon atoms; and when a or b is an integer of 2 or more, a plurality of R1 or
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R2 each may be the same or different from each other; and

wherein c represents an integer of 0 to 5; R3 represents a hydrogen atom or an organic residue having 1 to 4 carbon
atoms; R4 represents a hydrogen atom or an organic residue having 1 to 12 carbon atoms; and when c is an integer of
2 or more, a plurality of R4 may be the same or different from each other.
[0015] The foregoing phase difference film can be suitably used as a negative phase difference film which excels in
heat resistance and optical properties.
[0016] Furthermore, in the foregoing phase difference film, the content of the first structural unit in the copolymer may
be 3 to 50 mol% on the basis of the total of the first structural unit and the second structural unit. Accordingly, optical
properties of the phase difference film are further improved.
[0017] In one mode of the present invention, the glass-transition temperature of the copolymer may be 105 to 170°C.
The foregoing phase difference film further excels in heat resistance.
[0018] In one mode of the present invention, the phase difference film may have the absolute value of the photoelastic
coefficient of 5.0310-12 (/Pa) or less. According to the present invention, the absolute value of the photoelastic coefficient
can be sufficiently decreased, and for example, the phase difference film having the absolute value of the photoelastic
coefficient of 5.0310-12 (/Pa) or less, which has a small change in birefringence due to external force, excels in contrast
and uniformity of a screen when being used for a large liquid crystal display device or the like.
[0019] In one mode of the present invention, the glass-transition temperature of the above-described resin composition
may be 120°C or more. The foregoing phase difference film further excels in heat resistance.
[0020] In one mode of the present invention, a sufficiently-small wavelength dispersion property can be achieved in
the phase difference film, and for example, the wavelength dispersion value D can be less than 1.06 and can also be
0.70<D<1.06. When being used as a compensation film, the phase difference film having the wavelength dispersion
value D of 0.70<D<1.06 excels in viewing angle properties such as contrast and color hue, compared to the case where
a phase difference film having 1.06<D is used. The wavelength dispersion value D can be controlled by, for example,
the blending ratio between the copolymer and poly(2,6-dimethyl-1,4-phenylene oxide).
[0021] In one mode of the present invention, it is preferable that a refractive index Nx in an x-axial direction, a refractive
index Ny in a y-axial direction and a refractive index Nz in a z-axial direction satisfy the relationship of Nz≥Ny>Nx when
a main stretching direction of the phase difference film is referred to as an x-axial direction, a direction perpendicular to
the x-axial direction in a plane of the phase difference film is referred to as a y-axial direction, and a direction perpendicular
to both of the x-axial direction and the y-axial direction is referred to as a z-axial direction. The main stretching direction
herein means a stretching direction in the case of uniaxial stretching, and a stretching direction along which a degree
of orientation becomes more increased in the case of biaxial stretching. The foregoing phase difference film has an
effect of reducing leak light in an oblique direction in black display of a liquid crystal panel (liquid crystal display device),
which is generated due to phase difference values of a polarizing plate and a structural member arranged between the
polarizing plate and a liquid crystal cell.
[0022] Moreover, another aspect of the present invention relates to a liquid crystal display device provided with the
above-described phase difference film.

Advantageous Effects of Invention

[0023] According to the present invention, a phase difference film having negative birefringence, which excels in heat
resistance and optical properties, is provided. Moreover, according to the present invention, a liquid crystal display device
provided with the phase difference film is provided.

Brief Description of Drawings

[0024]
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[Figure 1] Figure 1 is a perspective view showing a first embodiment of a phase difference film of the present invention.
[Figure 2] Figure 2 is a perspective view showing a second embodiment of the phase difference film of the present
invention.
[Figure 3] Figure 3 is a diagram showing the relationship between the glass-transition temperature and the content
of a first structural unit, of a copolymer contained in the phase difference film.
[Figure 4] Figure 4 is a diagram showing the relationship between the photoelastic coefficient and the content of the
first structural unit, of the copolymer contained in the phase difference film.

Description of Embodiments

[0025] Preferred embodiments of the present invention will be described hereinafter.
[0026] Figure 1 is a perspective view showing a first embodiment of a phase difference film of the present invention.
A phase difference film 10 is a phase difference film obtained by stretching a resin film in a uniaxial direction, and the
resin film is formed of a resin composition containing a copolymer having a first structural unit represented by the following
formula (1) and a second structural unit represented by the following formula (2). Moreover, the content of the first
structural unit in the copolymer is 3 to 50 mol% on the basis of the total of the first structural unit and the second structural
unit.

[0027] In the formula, a and b each represent independently an integer of 0 to 5, and R1 and R2 each represent
independently a hydrogen atom or an organic residue having 1 to 12 carbon atoms. When a or b is an integer of 2 or
more, a plurality of R1 or R2 each may be the same or different from each other.

[0028] In the formula, c represents an integer of 0 to 5, R3 represents a hydrogen atom, a hydrogen atom, or an organic
residue having 1 to 4 carbon atoms, and R4 represents a hydrogen atom or an organic residue having 1 to 12 carbon
atoms. When c is an integer of 2 or more, a plurality of R4 may be the same or different from each other.
[0029] The foregoing phase difference film 10 is a negative phase difference film which excels in heat resistance and
optical properties. Hereinafter, the copolymer, the resin film, and the phase difference film 10 will be described in order.

(Copolymer)

[0030] As described above, the copolymer has the first structural unit represented by the formula (1) and the second
structural unit represented by the formula (2), and the content of the first structural unit in the copolymer is 3 to 50 mol%
on the basis of the total of the first structural unit and the second structural unit. The phase difference film 10 can achieve
both excellent heat resistance and the smallness of the absolute value of the photoelastic coefficient by making the
content of the first structural unit of the copolymer be 3 to 50 mol%.
[0031] In the formula (1), R1 and R2 are each an organic residue having 1 to 12 carbon atoms. The organic residue
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is preferably a group composed of a carbon atom and a hydrogen atom, or a group composed of a carbon atom, a
hydrogen atom, and an oxygen atom. Moreover, the organic residue is preferably an alkyl group, a hydroxyalkyl group,
or an alkoxyalkyl group, and is more preferably an alkyl group.
[0032] The organic residue in R1 and R2 may be straight-chain or branched. Examples of the organic residue in R1

and R2 include a methyl group, an ethyl group, a n-propyl group, an iso-propyl group, a n-butyl group, a sec-butyl group,
a tert-butyl group, a n-pentyl group, a 2-pentyl group, a n-hexyl group, a 2-hexyl group, a n-heptyl group, a 2-heptyl
group, a 3-heptyl group, a n-octyl group, a 2-octyl group, and a 3-octyl group.
[0033] In the formula (1), a and b are each preferably an integer of 0 to 3, and from the viewpoint of heat resistance,
0 is more preferable.
[0034] In the formula (2), R3 is a hydrogen atom or an organic residue having 1 to 4 carbon atoms. As the organic
residue, a group composed of a carbon atom and a hydrogen atom, or a group composed of a carbon atom, a hydrogen
atom, and an oxygen atom is preferable. As such an organic residue, an alkyl group, a hydroxyalkyl group, and an
alkoxyalkyl group are preferable.
[0035] The organic residue in R3 may be straight-chain or branched. Examples of the organic residue in R3 include a
methyl group, an ethyl group, a n-propyl group, an iso-propyl group, a n-butyl group, a sec-butyl group, a tert-butyl group,
a hydroxymethyl group, a hydroxyethyl group, a methoxymethyl group, a methoxyethyl group, an ethoxymethyl group,
and an ethoxyethyl group.
[0036] In the formula (2), R4 is an organic residue having 1 to 12 carbon atoms. The organic residue is preferably a
group composed of a carbon atom and a hydrogen atom, or a group composed of a carbon atom, a hydrogen atom,
and an oxygen atom. Moreover, the organic residue is preferably an alkyl group, a hydroxyalkyl group, or an alkoxyalkyl
group, and is more preferably an alkyl group.
[0037] The organic residue in R4 may be straight-chain or branched. Examples of the organic residue in R4 include a
methyl group, an ethyl group, a n-propyl group, an iso-propyl group, a n-butyl group, a sec-butyl group, a tert-butyl group,
a n-pentyl group, a 2-pentyl group, a n-hexyl group, a 2-hexyl group, a n-heptyl group, a 2-heptyl group, a 3-heptyl group,
a n-octyl group, a 2-octyl group, and a 3-octyl group.
[0038] In the formula (2), c is preferably an integer of 0 to 3, and from the viewpoint of ease of polymerization, 0 is
more preferable.
[0039] The content of the first structural unit in the copolymer is preferably 5 to 35 mol%, and more preferably 10 to
30 mol% on the basis of the total of the first structural unit and the second structural unit. Due to the content of the first
structural unit within 5 mol% or more, the glass-transition temperature becomes 110°C or more and the photoelastic
coefficient becomes 5.0310-12/Pa, resulting that both the further preferable heat resistance and photoelastic coefficient
as a phase difference film can be obtained. In the case of 35 mol% or less, an effect of further improving fragility of a
film is exhibited.
[0040] The content of the first structural unit can be calculated from a peak area of a peak derived from the first
structural unit and a peak area of a peak derived from the second structural unit, after 1H-NMR of the copolymer is
measured.
[0041] The weight-average molecular weight Mw of the copolymer is preferably 50,000 to 500,000, and more preferably
100,000 to 350,000. When Mw is 500,000 or less, sufficient fluidity is obtained in an extrusion stretching process, and
melt extrusion and stretching film formation can be performed without any major difficulty. Moreover, when Mw is 50,000
or more, stretching stability and a sufficient degree of orientation for a film can be imparted.
[0042] Herein, the weight-average molecular weight Mw, the number average molecular weight Mn, and the molecular
weight distribution Mw/Mn of the copolymer are values measured as the weight-average molecular weight Mw, the
number average molecular weight Mn, and the molecular weight distribution Mw/Mn in terms of polystyrene, using gel
permeation chromatography (GPC, manufactured by Tosoh Corporation, HLC-8020) in which three columns (TSKgel
SuperHM-M) are connected and a RI detector is provided, and using tetrahydrofuran as a solvent.
[0043] The glass-transition temperature of the copolymer is preferably 105 to 170°C, and more preferably 110°C or
more. The phase difference film containing the foregoing copolymer further excels in heat resistance.
[0044] The copolymer may further contain structural units other than the first structural unit and the second structural
unit as long as a negative phase difference film is obtained. For example, the copolymer may contain structural units
such as a methyl (meth)acrylate unit, an ethyl (meth)acrylate unit, a n-butyl (meth)acrylate unit, an iso-butyl (meth)acrylate
unit, a t-butyl (meth)acrylate unit, a cyclohexyl (meth)acrylate unit, a 2-ethylhexyl (meth)acrylate unit, an acrylonitrile
unit, a vinylnaphthalene unit, a vinylanthracene unit, a N-vinylpyrrolidone unit, an acrylonitrile unit, a N-vinylimidazole
unit, a N-vinylacetamide unit, a N-vinylformaldehyde unit, a N-vinylcaprolactam unit, a N-vinylcarbazole unit, a N-phe-
nylmaleimide unit, a 2-vinylpyridine unit, a 4-vinylpyridine unit, a butadiene unit and a saturated aliphatic structural unit
obtained by hydrogenation of a butadiene unit, and an isoprene unit and a saturated aliphatic structural unit obtained
by hydrogenation of an isoprene unit.
[0045] The total amount of the first structural unit and the second structural unit with respect to the total amount of the
copolymer is preferably 80 to 100 mass%, and more preferably 90 to 100 mass%. According to the foregoing copolymer,
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the effect of the present invention is further significantly exhibited.
[0046] The copolymer can be obtained by, for example, a copolymerization reaction of a first monomer represented
by the following formula (3) and a second monomer represented by the following formula (4). In the formulas, a, b, c,
R1, R2, R3, and R4 are synonymous with the above.

[0047] The copolymerization reaction can be performed, for example, by adding an anionic polymerization initiator to
a reaction solution containing the first monomer and the second monomer.
[0048] As the anionic polymerization initiator, for example, organic alkali metal compounds are used. Examples of the
organic alkali metal compounds include alkyllithium, aryllithium, alkylsodium, and arylsodium. As specific anionic po-
lymerization initiators, for example, organic lithium compounds such as n-butyllithium, s-butyllithium, and t-butyllithium,
and organic sodium compounds such as naphthalene sodium are used. Among them, preferred anionic polymerization
initiators are organic lithium compounds such as n-butyllithium and s-butyllithium.
[0049] The number average molecular weight Mn and the weight-average molecular weight Mw of the copolymer can
be adjusted by appropriately changing the amount of the anionic polymerization initiator added. The amount of the
anionic polymerization initiator added is preferably 0.02 to 0.5 mol%, and more preferably 0.04 to 0.1 mol% on the basis
of the total amount of the first monomer and the second monomer. It becomes easy to obtain the copolymer having the
number average molecular weight Mn and the weight-average molecular weight Mw within preferred ranges by the
foregoing amount added.
[0050] The reaction temperature of the copolymerization reaction is preferably 0 to 130°C, and more preferably 50 to
90°C. If the reaction temperature is decreased, the value of the molecular weight distribution Mw/Mn of the copolymer
tends to become smaller, and if the reaction temperature is increased, the value of the molecular weight distribution
Mw/Mn of the copolymer tends to become larger.
[0051] The reaction time of the copolymerization reaction is preferably 0.5 to 12 hours, and more preferably 1 to 6 hours.
[0052] The copolymerization reaction is preferably performed in a solvent, and a polymerization solvent is preferably
a solvent that does not react with organic alkali metal compounds. As the solvents, cyclohexane, methylcyclohexane,
benzene, toluene, xylene, ethylbenzene, t-butylbenzene or the like are preferably used.

(Resin Film)

[0053] The resin film is a film formed of a resin composition containing the above-described copolymer. A production
method of the resin film is not particularly limited, and for example, known methods such as a casting method, a melt
extrusion method, a calender method, and a compression molding method may be used.
[0054] As a molding apparatus used in the casting method, a drum-type casting machine, a band-type casting machine,
a spin coater and the like can be used. In addition, examples of the melt extrusion method include a T-die method and
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an inflation method.
[0055] In the casting method, the resin film can be produced using a film-forming solution containing the above-
described copolymer. Examples of solvents of the film-forming solution include aromatic hydrocarbons such as benzene,
toluene, xylene, ethylbenzene, and cumene; halogenated alkanes such as methylene chloride, dichloroethane, chlo-
robenzene, dichlorobenzene, chloroform, and tetrachloroethylene; cycloaliphatic solvents such as cyclohexane and
decahydronaphthalene; cyclic ethers such as tetrahydrofuran and 1,4-dioxane; methyl ethyl ketone and cyclohexanone.
[0056] The resin composition forming the resin film may contain components other than the above-described copol-
ymer. For example, the above-described solvent may be contained in the resin composition. From the viewpoint of heat
resistance and expression of phase difference in a stretching operation, the content of the solvent is preferably 5000
ppm or less, and more preferably 1000 ppm or less.
[0057] Moreover, the resin composition forming the resin film may contain, within a range not departing from the spirit
of the present invention, a polymer other than the above-described copolymer, a surfactant, a polymer electrolyte, a
conductive complex, silica, alumina, a dye material, a thermal stabilizer, an ultraviolet absorbing agent, an antistatic
agent, an antiblocking agent, a lubricant, a plasticizing agent, an oil and the like.
[0058] The content of the above-described copolymer in the resin composition forming the resin film is preferably 50
to 100 mass%, and more preferably 90 to 100 mass% on the basis of the total amount of the resin composition. When
the content of the copolymer is within the above-described range, the effect of the present invention is further significantly
exhibited.

(Phase Difference Film 10)

[0059] The phase difference film 10 is a film obtained by stretching a resin film. In general, a stretching method of a
film is broadly classified into flat stretching for stretching in a film in-plane direction and tubular stretching for expanding
into a tubular shape to stretch, but flat stretching having a high thickness and accuracy of a stretching ratio is particularly
preferable. Moreover, flat stretching is classified into a uniaxial stretching method and a biaxial stretching method, and
examples of the uniaxial stretching method include a free-width uniaxial stretching method and a constant-width uniaxial
stretching method. On the other hand, examples of the biaxial stretching method include a two-step free-width biaxial
stretching method, a successive biaxial stretching method, and a simultaneous biaxial stretching method, and examples
of the successive biaxial stretching include an all-tenter system and a roll-tenter system. As the stretching method for
producing a phase difference film from a transparent resin composition of the present invention, any of the above-
described stretching methods may be used, and it is necessary to appropriately select the most suitable method based
on a required three-dimensional refractive index and phase difference amount.
[0060] When the glass-transition temperature of the copolymer is referred to as Tg, the temperature when stretching
is preferably Tg+5°C to Tg+40°C, and more preferably Tg+5°C to Tg+25°C. By performing stretching at the foregoing
stretching temperature, mechanical properties and optical properties of the phase difference film are further improved.
[0061] Although not particularly limited, the thickness of the phase difference film 10 is preferably 10 to 500 mm, and
more preferably 10 to 200 mm. By making the thickness of the phase difference film be 10 mm or more, mechanical
properties and handling ability in secondary processing tend to be further improved, and by making it be 500 mm or less,
flexibility tends to be further improved.
[0062] Since the phase difference film 10 is produced by using the above-described specific copolymer, the absolute
value of the photoelastic coefficient is sufficiently small. The absolute value of the photoelastic coefficient of the phase
difference film 10 is preferably 5.0310-12 (/Pa) or less, and more preferably 3.0310-12 (/Pa) or less. The foregoing phase
difference film 10 has a sufficiently small change in birefringence due to external force, and can be further suitably used
for applications of a liquid crystal display device and the like.
[0063] In the phase difference film 10, it is preferable that a refractive index Nx in an x-axial direction, a refractive
index Ny in a y-axial direction, and a refractive index Nz in an z-axial direction satisfy the relationship of Nz≥Ny>Nx,
when a main stretching direction of the phase difference film 10 is referred to as an x-axial direction, a direction perpen-
dicular to the x-axial direction in a plane of the phase difference film 10 is referred to as a y-axial direction, and a direction
perpendicular to both of the x-axial direction and the y-axial direction (direction perpendicular to main surface of phase
difference film 10) is referred to as a z-axial direction.
[0064] The main stretching direction herein means a stretching direction in the case of uniaxial stretching, and a
stretching direction along which a degree of orientation becomes more increased in the case of biaxial stretching. The
foregoing phase difference film has an effect of reducing leak light in an oblique direction in black display of a liquid
crystal panel (liquid crystal display device), which is generated due to phase difference values of a polarizing plate and
a structural member arranged between the polarizing plate and a liquid crystal cell.
[0065] In the present embodiment, the phase difference film 10 that satisfies the above-described relationship can be
easily obtained by stretching the resin film formed of the resin composition containing the above-described copolymer.
[0066] For the purpose of imparting functions such as a gas barrier property, scratch resistance, chemical resistance,
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and an antiglare property, a thin film may be formed on at least one surface of the phase difference film 10. Examples
of a method for forming such a thin film include a method including coating a resin solution for forming a thin film on one
surface of the phase difference film 10 by methods such as a gravure roll coating method, a Meyerbar coating method,
a reverse roll coating method, a dip coating method, an air knife coating method, a calender coating method, a squeeze
coating method, a kiss coating method, a fountain coating method, a spray coating method, and a spin coating method.
[0067] Examples of the resin solution for forming a thin film include a resin solution containing a thermoplastic resin;
a thermosetting resin having an amino group, an imino group, an epoxy group, a silyl group and the like; a mixture of
these resins; and the like. Moreover, a polymerization inhibitor, waxes, a dispersing agent, a dye material, a solvent, a
plasticizing agent, an ultraviolet absorbing agent, an inorganic filler and the like may be added to the resin solution.
[0068] The above-described thin film may be a hardened thin film layer formed by hardening with irradiation or thermal
hardening with heat after the above-described coating, if necessary. Moreover, in the case where printing is performed
when forming such a thin film, methods such as a gravure system, an offset system, a flexo system, and a silkscreen
system can be used.
[0069] Moreover, for the purpose of imparting a gas seal property and the like, a metal oxide layer containing aluminum,
silicon, magnesium, zinc or the like as a main component may be formed on at least one surface of the phase difference
film 10. Such a metal oxide layer can be formed by a vacuum deposition method, a sputtering method, an ion plating
method, a plasma CVD method or the like.
[0070] The phase difference film 10 can be laminated on another film and then used. As the laminating method,
conventionally-known methods can be appropriately used, and examples thereof include thermal bonding methods such
as a heat sealing method, an impulse sealing method, an ultrasonic bonding method, and a high-frequency bonding
method, and laminate processing methods such as an extrusion laminating method, a hot-melt laminating method, a
dry laminating method, a wet laminating method, a solventless adhesive laminating method, a thermal laminating method,
and a co-extrusion method.
[0071] Moreover, examples of a film to be laminated include a polyester resin film, a polyvinyl alcohol resin film, a
cellulose resin film, a polyvinyl fluoride resin film, a polyvinylidene chloride resin film, a polyacrylonitrile resin film, a nylon
resin film, a polyethylene resin film, a polypropylene resin film, an acetate resin film, a polyimide resin film, a polycarbonate
resin film, and a polyacrylate resin film.
[0072] Next, a second embodiment of the present invention will be described. Figure 2 is a perspective view showing
the second embodiment of the phase difference film of the present invention. A phase difference film 20 is a phase
difference film obtained by stretching a resin film in at least a uniaxial direction, and the resin film is formed of a resin
composition containing a copolymer having a first structural unit represented by the following formula (1) and a second
structural unit represented by the following formula (2), and poly(2,6-dimethyl-1,4-phenylene oxide). Moreover, the
content of poly(2,6-dimethyl-1,4-phenylene oxide) in the resin composition is 5 to 30 mass% on the basis of the total
amount of the resin composition.

[0073] In the formula, a and b each represent independently an integer of 0 to 5, and R1 and R2 each represent
independently a hydrogen atom or an organic residue having 1 to 12 carbon atoms. When a or b is an integer of 2 or
more, a plurality of R1 or R2 each may be the same or different from each other.
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[0074] In the formula, c represents an integer of 0 to 5, R3 represents a hydrogen atom, a hydrogen atom, or an organic
residue having 1 to 4 carbon atoms, and R4 represents a hydrogen atom or an organic residue having 1 to 12 carbon
atoms. When c is an integer of 2 or more, a plurality of R4 may be the same or different from each other.
[0075] The foregoing phase difference film 20 is a negative phase difference film which excels in heat resistance and
optical properties. Hereinafter, the copolymer, the resin film, and the phase difference film 20 will be described in order.

(Copolymer)

[0076] As described above, the copolymer has the first structural unit represented by the formula (1) and the second
structural unit represented by the formula (2).
[0077] In the formula (1), R1 and R2 are each an organic residue having 1 to 12 carbon atoms. The organic residue
is preferably a group composed of a carbon atom and a hydrogen atom, or a group composed of a carbon atom, a
hydrogen atom, and an oxygen atom. Moreover, the organic residue is preferably an alkyl group, a hydroxyalkyl group,
or an alkoxyalkyl group, and is more preferably an alkyl group.
[0078] The organic residue in R1 and R2 may be straight-chain or branched. Examples of the organic residue in R1

and R2 include a methyl group, an ethyl group, a n-propyl group, an iso-propyl group, a n-butyl group, a sec-butyl group,
a tert-butyl group, a n-pentyl group, a 2-pentyl group, a n-hexyl group, a 2-hexyl group, a n-heptyl group, a 2-heptyl
group, a 3-heptyl group, a n-octyl group, a 2-octyl group, and a 3-octyl group.
[0079] In the formula (1), a and b are each preferably an integer of 0 to 3, and from the viewpoint of heat resistance,
0 is more preferable.
[0080] In the formula (2), R3 is a hydrogen atom or an organic residue having 1 to 4 carbon atoms. As the organic
residue, a group composed of a carbon atom and a hydrogen atom, or a group composed of a carbon atom, a hydrogen
atom, and an oxygen atom is preferable. As such an organic residue, an alkyl group, a hydroxyalkyl group, and an
alkoxyalkyl group are preferable.
[0081] The organic residue in R3 may be straight-chain or branched. Examples of the organic residue in R3 include a
methyl group, an ethyl group, a n-propyl group, an iso-propyl group, a n-butyl group, a sec-butyl group, a tert-butyl group,
a hydroxymethyl group, a hydroxyethyl group, a methoxymethyl group, a methoxyethyl group, an ethoxymethyl group,
and an ethoxyethyl group.
[0082] In the formula (2), R4 is an organic residue having 1 to 12 carbon atoms. The organic residue is preferably a
group composed of a carbon atom and a hydrogen atom, or a group composed of a carbon atom, a hydrogen atom,
and an oxygen atom. Moreover, the organic residue is preferably an alkyl group, a hydroxyalkyl group, or an alkoxyalkyl
group, and is more preferably an alkyl group.
[0083] The organic residue in R4 may be straight-chain or branched. Examples of the organic residue in R4 include a
methyl group, an ethyl group, a n-propyl group, an iso-propyl group, a n-butyl group, a sec-butyl group, a tert-butyl group,
a n-pentyl group, a 2-pentyl group, a n-hexyl group, a 2-hexyl group, a n-heptyl group, a 2-heptyl group, a 3-heptyl group,
a n-octyl group, a 2-octyl group, and a 3-octyl group.
[0084] In the formula (2), c is preferably an integer of 0 to 3, and from the viewpoint of ease of polymerization, 0 is
more preferable.
[0085] The content of the first structural unit in the copolymer is preferably 3 to 50 mol%, more preferably 5 to 35
mol%, and further preferably 10 to 30 mol% on the basis of the total of the first structural unit and the second structural
unit. In the case where the first structural unit is 3 mol% or more, it becomes easy for the glass-transition temperature
to become a preferred value of 110°C or more, and heat resistance in the phase difference film tends to be further
improved. In the case of 50 mol% or less, an effect of further improving fragility of a film is exhibited.
[0086] The content of the first structural unit can be calculated from a peak area of a peak derived from the first
structural unit and a peak area of a peak derived from the second structural unit, after 1H-NMR of the copolymer is
measured.
[0087] The weight-average molecular weight Mw of the copolymer is preferably 50,000 to 500,000, and more preferably
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100,000 to 350,000. When Mw is 500,000 or less, sufficient fluidity is obtained in an extrusion stretching process, and
melt extrusion and stretching film formation can be performed without any major difficulty. Moreover, when Mw is 50,000
or more, stretching stability and a sufficient degree of orientation for a film can be imparted.
[0088] Herein, the weight-average molecular weight Mw, the number average molecular weight Mn, and the molecular
weight distribution Mw/Mn of the copolymer are values measured as the weight-average molecular weight Mw, the
number average molecular weight Mn, and the molecular weight distribution Mw/Mn in terms of polystyrene, using gel
permeation chromatography (GPC, manufactured by Tosoh Corporation, HLC-8020) in which three columns (TSKgel
SuperHM-M) are connected and a RI detector is provided, and using tetrahydrofuran as a solvent.
[0089] The glass-transition temperature of the copolymer is preferably 105 to 170°C, and more preferably 110°C or
more. By blending the foregoing copolymer with poly(2,6-dimethyl-1,4-phenylene oxide), heat resistance of the phase
difference film tends to be further improved.
[0090] The copolymer may further contain structural units other than the first structural unit and the second structural
unit as long as a negative phase difference film is obtained. For example, the copolymer may contain structural units
such as a methyl (meth)acrylate unit, an ethyl (meth)acrylate unit, a n-butyl (meth)acrylate unit, an iso-butyl (meth)acrylate
unit, a t-butyl (meth)acrylate unit, a cyclohexyl (meth)acrylate unit, a 2-ethylhexyl (meth)acrylate unit, an acrylonitrile
unit, a vinylnaphthalene unit, a vinylanthracene unit, a N-vinylpyrrolidone unit, an acrylonitrile unit, a N-vinylimidazole
unit, a N-vinylacetamide unit, a N-vinylformaldehyde unit, a N-vinylcaprolactam unit, a N-vinylcarbazole unit, a N-phe-
nylmaleimide unit, a 2-vinylpyridine unit, a 4-vinylpyridine unit, a butadiene unit and a saturated aliphatic structural unit
obtained by hydrogenation of a butadiene unit, and an isoprene unit and a saturated aliphatic structural unit obtained
by hydrogenation of an isoprene unit.
[0091] The total amount of the first structural unit and the second structural unit with respect to the total amount of the
copolymer is preferably 80 to 100 mass%, and more preferably 90 to 100 mass%. According to the foregoing copolymer,
the effect of the present invention is further significantly exhibited.
[0092] The copolymer can be obtained by, for example, a copolymerization reaction of a first monomer represented
by the following formula (3) and a second monomer represented by the following formula (4). In the formulas, a, b, c,
R1, R2, R3, and R4 are synonymous with the above.

[0093] The copolymerization reaction can be performed, for example, by adding an anionic polymerization initiator to
a reaction solution containing the first monomer and the second monomer.
[0094] As the anionic polymerization initiator, for example, organic alkali metal compounds are used. Examples of the
organic alkali metal compounds include alkyllithium, aryllithium, alkylsodium, and arylsodium. As specific anionic po-
lymerization initiators, for example, organic lithium compounds such as n-butyllithium, s-butyllithium, and t-butyllithium,
and organic sodium compounds such as naphthalene sodium are used. Among them, preferred anionic polymerization
initiators are organic lithium compounds such as n-butyllithium and s-butyllithium.
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[0095] The number average molecular weight Mn and the weight-average molecular weight Mw of the copolymer can
be adjusted by appropriately changing the amount of the anionic polymerization initiator added. The amount of the
anionic polymerization initiator added is preferably 0.02 to 0.5 mol%, and more preferably 0.04 to 0.1 mol% on the basis
of the total amount of the first monomer and the second monomer. It becomes easy to obtain the copolymer having the
number average molecular weight Mn and the weight-average molecular weight Mw within preferred ranges by the
foregoing amount added.
[0096] The reaction temperature of the copolymerization reaction is preferably 0 to 130°C, and more preferably 50 to
90°C. If the reaction temperature is decreased, the value of the molecular weight distribution Mw/Mn of the copolymer
tends to become smaller, and if the reaction temperature is increased, the value of the molecular weight distribution
Mw/Mn of the copolymer tends to become larger.
[0097] The reaction time of the copolymerization reaction is preferably 0.5 to 12 hours, and more preferably 1 to 6 hours.
[0098] The copolymerization reaction is preferably performed in a solvent, and a polymerization solvent is preferably
a solvent that does not react with organic alkali metal compounds. As the solvents, cyclohexane, methylcyclohexane,
benzene, toluene, xylene, ethylbenzene, t-butylbenzene or the like are preferably used.

(Resin Film)

[0099] The resin film is a film formed of a resin composition containing the above-described copolymer and poly(2,6-
dimethyl-1,4-phenylene oxide). A production method of the resin film is not particularly limited, and for example, known
methods such as a casting method, a melt extrusion method, a calender method, and a compression molding method
may be used.
[0100] As a molding apparatus used in the casting method, a drum-type casting machine, a band-type casting machine,
a spin coater and the like can be used. In addition, examples of the melt extrusion method include a T-die method and
an inflation method.
[0101] In the casting method, the resin film can be produced using a film-forming solution containing the above-
described copolymer. Examples of solvents of the film-forming solution include aromatic hydrocarbons such as benzene,
toluene, xylene, ethylbenzene, and cumene; halogenated alkanes such as methylene chloride, dichloroethane, chlo-
robenzene, dichlorobenzene, chloroform, and tetrachloroethylene; cyclic ethers such as tetrahydrofuran and 1,4-dioxane;
methyl ethyl ketone and cyclohexanone.
[0102] The resin composition forming the resin film contains the above-described copolymer and poly(2,6-dimethyl-
1,4-phenylene oxide).
[0103] The content of poly(2,6-dimethyl-1,4-phenylene oxide) in the resin composition is 5 to 30 mass% on the basis
of the total amount of the resin composition. In the present embodiment, the above-described copolymer and poly(2,6-
dimethyl-1,4-phenylene oxide) are blended, and furthermore, the content of poly(2,6-dimethyl-1,4-phenylene oxide) is
within the above-described range, so that both excellent heat resistance and excellent optical properties in the phase
difference film 20 can be achieved.
[0104] From the viewpoint of heat resistance, the glass-transition temperature Tg of the resin composition is preferably
120°C or more, and more preferably 130°C or more. If Tg is 120°C or more, variation in a phase difference value, change
in dimension and the like when being exposed to a high-temperature environment and the like are sufficiently suppressed.
[0105] The resin composition forming the resin film may contain components other than the above-described copolymer
and poly(2,6-dimethyl-1,4-phenylene oxide). For example, the above-described solvent may be contained in the resin
composition. From the viewpoint of heat resistance and expression of phase difference in a stretching operation, the
content of the solvent is preferably 5000 ppm or less, and more preferably 1000 ppm or less.
[0106] Moreover, the resin composition forming the resin film may contain, within a range not departing from the spirit
of the present invention, a polymer other than the above, a surfactant, a polymer electrolyte, a conductive complex,
silica, alumina, a dye material, a thermal stabilizer, an ultraviolet absorbing agent, an antistatic agent, an antiblocking
agent, a lubricant, a plasticizing agent, an oil and the like.
[0107] The total amount of the above-described copolymer and poly(2,6-dimethyl-1,4-phenylene oxide) in the resin
composition forming the resin film is preferably 50 to 100 mass%, and more preferably 90 to 100 mass% on the basis
of the total amount of the resin composition. When the above-described total amount is within the above-described
range, the effect of the present invention is further significantly exhibited.

(Phase Difference Film 20)

[0108] The phase difference film 20 is a film obtained by stretching a resin film. In general, a stretching method of a
film is broadly classified into flat stretching for stretching in a film in-plane direction and tubular stretching for expanding
into a tubular shape to stretch, but flat stretching having a high thickness and accuracy of a stretching ratio is particularly
preferable. Moreover, flat stretching is classified into a uniaxial stretching method and a biaxial stretching method, and
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examples of the uniaxial stretching method include a free-width uniaxial stretching method and a constant-width uniaxial
stretching method. On the other hand, examples of the biaxial stretching method include a two-step free-width biaxial
stretching method, a successive biaxial stretching method, and a simultaneous biaxial stretching method, and examples
of the successive biaxial stretching include an all-tenter system and a roll-tenter system. As the stretching method for
producing a phase difference film from a transparent resin composition of the present invention, any of the above-
described stretching methods may be used, and it is necessary to appropriately select the most suitable method based
on a required three-dimensional refractive index and phase difference amount.
[0109] When the glass-transition temperature of the copolymer is referred to as Tg, the temperature when stretching
is preferably Tg+5°C to Tg+40°C, and more preferably Tg+5°C to Tg+25°C. By performing stretching at the foregoing
stretching temperature, mechanical properties and optical properties of the phase difference film are further improved.
[0110] Although not particularly limited, the thickness of the phase difference film 20 is preferably 10 to 500 mm, and
more preferably 10 to 200 mm. By making the thickness of the phase difference film be 10 mm or more, mechanical
properties and handling ability in secondary processing tend to be further improved, and by making it be 500 mm or less,
flexibility tends to be further improved.
[0111] The wavelength dispersion value D of the phase difference film 20 is preferably less than 1.06. When being
used as a compensation film, the foregoing phase difference film 20 excels in viewing angle properties such as contrast
and color hue, compared to the case where a phase difference film having the wavelength dispersion value D of 1.06
or more is used. Moreover, the wavelength dispersion value D of the phase difference film 20 may be less than 1.00. A
film having the wavelength dispersion value D of less than 1.00 is called a reverse wavelength dispersion film, and when
being used as a compensation film, viewing angle properties such as contrast and color hue can be further improved.
[0112] In the phase difference film 20, it is preferable that a refractive index Nx in an x-axial direction, a refractive
index Ny in an y-axial direction, and a refractive index Nz in an z-axial direction satisfy the relationship of Nz≥Ny>Nx,
when a main stretching direction of the phase difference film 20 is referred to as an x-axial direction, a direction perpen-
dicular to the x-axial direction in a plane of the phase difference film 20 is referred to as a y-axial direction, and a direction
perpendicular to both of the x-axial direction and the y-axial direction (direction perpendicular to main surface of phase
difference film 20) is referred to as a z-axial direction.
[0113] The main stretching direction herein means a stretching direction in the case of uniaxial stretching, and a
stretching direction along which a degree of orientation becomes more increased in the case of biaxial stretching. The
foregoing phase difference film has an effect of reducing leak light in an oblique direction in black display of a liquid
crystal panel (liquid crystal display device), which is generated due to phase difference values of a polarizing plate and
a structural member arranged between the polarizing plate and a liquid crystal cell.
[0114] In the present embodiment, the phase difference film 20 that satisfies the above-described relationship can be
easily obtained by stretching the resin film formed of the resin composition containing the above-described copolymer.
[0115] For the purpose of imparting functions such as a gas barrier property, scratch resistance, chemical resistance,
and an antiglare property, a thin film may be formed on at least one surface of the phase difference film 20. Examples
of a method for forming such a thin film include a method including coating a resin solution for forming a thin film on one
surface of the phase difference film 20 by methods such as a gravure roll coating method, a Meyerbar coating method,
a reverse roll coating method, a dip coating method, an air knife coating method, a calender coating method, a squeeze
coating method, a kiss coating method, a fountain coating method, a spray coating method, and a spin coating method.
[0116] Examples of the resin solution for forming a thin film include a resin solution containing a thermoplastic resin;
a thermosetting resin having an amino group, an imino group, an epoxy group, a silyl group and the like; a mixture of
these resins; and the like. Moreover, a polymerization inhibitor, waxes, a dispersing agent, a dye material, a solvent, a
plasticizing agent, an ultraviolet absorbing agent, an inorganic filler and the like may be added to the resin solution.
[0117] The above-described thin film may be a hardened thin film layer formed by hardening with irradiation or thermal
hardening with heat after the above-described coating, if necessary. Moreover, in the case where printing is performed
when forming such a thin film, methods such as a gravure system, an offset system, a flexo system, and a silkscreen
system can be used.
[0118] Moreover, for the purpose of imparting a gas seal property and the like, a metal oxide layer containing aluminum,
silicon, magnesium, zinc or the like as a main component may be formed on at least one surface of the phase difference
film 20. Such a metal oxide layer can be formed by a vacuum deposition method, a sputtering method, an ion plating
method, a plasma CVD method or the like.
[0119] The phase difference film 20 can be laminated on another film and then used. As the laminating method,
conventionally-known methods can be appropriately used, and examples thereof include thermal bonding methods such
as a heat sealing method, an impulse sealing method, an ultrasonic bonding method, and a high-frequency bonding
method, and laminate processing methods such as an extrusion laminating method, a hot-melt laminating method, a
dry laminating method, a wet laminating method, a solventless adhesive laminating method, a thermal laminating method,
and a co-extrusion method.
[0120] Moreover, examples of a film to be laminated include a polyester resin film, a polyvinyl alcohol resin film, a
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cellulose resin film, a polyvinyl fluoride resin film, a polyvinylidene chloride resin film, a polyacrylonitrile resin film, a nylon
resin film, a polyethylene resin film, a polypropylene resin film, an acetate resin film, a polyimide resin film, a polycarbonate
resin film, and a polyacrylate resin film.
[0121] Next, a preferred embodiment of a liquid crystal display device of the present invention will be described.
[0122] The liquid crystal display device according to the first embodiment is characterized by being provided with the
phase difference film 10. The phase difference film 10 can be suitably used as a phase difference film in a liquid crystal
display device. More specifically, the phase difference film 10 can be suitably used for applications of a 1/4λ plate in a
reflective liquid crystal display device, a 1/4λ plate in a transmissive liquid crystal display device, a 1/2λ plate or a 1/4λ
plate in a liquid crystal projector device, a protection film or an antireflection film of a polarizing film in a liquid crystal
display device, and the like.
[0123] That is, the liquid crystal display device is preferably provided with the phase difference film 10 as a 1/4λ plate,
a 1/2λ plate, a protection film, or an antireflection film. The configuration of the liquid crystal display device other than
the phase difference film 10 is not particularly limited, and may be the same as a conventionally-known liquid crystal
display film.
[0124] Moreover, the phase difference film 10 can also be used as a transparent electrode film in a liquid crystal display
device, such as a touch panel, after forming a ceramic thin film made of indium tin oxide, indium zinc oxide, or the like
on at least one surface thereof by a plasma process using DC or glow discharge.
[0125] Furthermore, the liquid crystal display device according to the second embodiment is characterized by being
provided with the phase difference film 20. The phase difference film 20 can be suitably used as a phase difference film
in a liquid crystal display device. More specifically, the phase difference film 20 can be suitably used for applications of
a viewing angle compensation film in an IPS or FFS mode, a circular polarizing VA mode, and the like.
[0126] That is, the liquid crystal display device is preferably provided with the phase difference film 20 as a viewing
angle compensation film. The configuration of the liquid crystal display device other than the phase difference film 20 is
not particularly limited, and may be the same as a conventionally-known liquid crystal display film.
[0127] Moreover, the phase difference film 20 can also be used as a transparent electrode film in a liquid crystal display
device, such as a touch panel, after forming a ceramic thin film made of indium tin oxide, indium zinc oxide, or the like
on at least one surface thereof by a plasma process using DC or glow discharge.
[0128] The preferred embodiments of the present invention have been described above, but the present invention is
not limited to the above-described embodiments.

Examples

[0129] Hereinafter, the present invention will be described more specifically with reference to examples, but the present
invention is not limited to examples.
[0130] Firstly, an example according to the phase difference film according to the first embodiment will be described.

(Synthesis Example 1-1: Synthesis of Copolymer 1-1)

[0131] In a 100 mL volume glass reactor, 6.33 g (60.9 mmol) of styrene and 1.26 g (7.00 mmol) of 1,1-diphenylethylene
were weighed and put under a nitrogen atmosphere, and diluted with 20 mL of cyclohexane. After the solution was
cooled with an ice bath, a 0.10 M s-butyllithium/cyclohexane solution was dropped little by little until the system became
pale yellow, and remaining moisture was removed.
[0132] Then, 0.25 mL of the 0.10 M s-butyllithium/cyclohexane solution (0.025 mmol as s-butyllithium) was added.
The solution was heated with an oil bath at 50°C while being stirred, and changed into dark red, and increase in viscosity
due to progression of a polymerization reaction was observed. After continuing the heating and stirring for 4 hours, 5
mL of methanol was added to stop the reaction. The reaction solution was poured into 2 L of methanol, and a white
precipitate was collected by filtration. The obtained precipitate was washed with boiling methanol, and then, dried at
120°C under reduced pressure for 12 hours to obtain styrene/1,1-diphenylethylene copolymer (hereinafter, referred to
as "copolymer 1-1").
[0133] With respect to the obtained copolymer 1-1, the contents of the first structural unit and the second structural
unit, the molecular weight, the molecular weight distribution, and the glass-transition temperature (Tg) were measured
by the following methods. The measurement results were as shown in Table 1.

(Measurement of Content)

[0134] 1H-NMR of the obtained copolymer was measured using a superconducting nuclear magnetic resonance ab-
sorption apparatus (NMR, Varian Inc., INOVA600), and the contents of the first structural unit and the second structural
unit were calculated from the peak area ratio of aromatic protons, methyl, methylene, and methine.
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(Measurement of Molecular Weight and Molecular Weight Distribution)

[0135] The measurement was performed using gel permeation chromatography (GPC, manufactured by Tosoh Cor-
poration, HLC-8020) in which three columns (TSKgel SuperHM-M) are connected and a RI detector is provided. Tet-
rahydrofuran was used as a solvent, and the number average molecular weight (Mn), the weight-average molecular
weight (Mw), and the molecular weight distribution (Mw/Mn) of the obtained copolymer, in terms of polystyrene, were
determined.

(Measurement of Glass-Transition Temperature (Tg))

[0136] The measurement was performed using a differential scanning calorimeter (DSC, manufactured by SII Nano
Technology Inc., DSC 7020). Specifically, under a nitrogen atmosphere, the temperature was increased to 230°C from
the room temperature (25°C) at 20°C/min, and then, returned to the room temperature at 20°C/min, and increased again
to 230°C at 10°C/min. The glass-transition temperature measured in the second heat-increasing process was defined
as Tg. In the measurement, powder obtained by reprecipitation purification of the obtained copolymer was used.

(Synthesis Example 1-2: Synthesis of Copolymer 1-2)

[0137] Styrene/1,1-diphenylethylene copolymer (hereinafter, referred to as "copolymer 1-2") was obtained in the same
manner as Synthesis Example 1-1 except that the amount of styrene used was 5.33 g (51.3 mmol) and the amount of
1,1-diphenylethylene used was 2.29 g (12.7 mmol).
[0138] With respect to the obtained copolymer 1-2, the contents of the first structural unit and the second structural
unit, the molecular weight, the molecular weight distribution, and the glass-transition temperature (Tg) were measured
by the above-described methods. The measurement results were as shown in Table 1.

(Synthesis Example 1-3: Synthesis of Copolymer 1-3)

[0139] Styrene/1,1-diphenylethylene copolymer (hereinafter, referred to as "copolymer 1-3") was obtained in the same
manner as Synthesis Example 1-1 except that the amount of styrene used was 4.61 g (44.3 mmol) and the amount of
1,1-diphenylethylene used was 3.45 g (19.2 mmol).
[0140] With respect to the obtained copolymer 1-3, the contents of the first structural unit and the second structural
unit, the molecular weight, the molecular weight distribution, and the glass-transition temperature (Tg) were measured
by the above-described methods. The measurement results were as shown in Table 1.

(Example 1-1)

[0141] A chlorobenzene solution containing 10 mass% of the copolymer 1-1 obtained in Synthesis Example 1-1 was
prepared, and it was supplied on a glass plate into a film shape by a casting method and naturally dried for 72 hours.
The obtained film was peeled off from the glass plate, and then, dried under reduced pressure at 120°C until the
concentration of chlorobenzene became 500 massppm or less to obtain an unstretched film 1-1. The transparency of
the obtained unstretched film 1-1 was high and the film thickness was 36 mm.
[0142] Next, the obtained unstretched film 1-1 was cut out into 7x7 cm, and uniaxial stretching at 2.0-fold magnification
was performed using a biaxial stretching apparatus (Imoto Machinery Co., Ltd. IMC-190A) under a temperature condition
of Tg of the copolymer 1-1 + 12°C (134°C) at a tension rate of 120 mm/min. to obtain a phase difference film 1-1 having
a thickness of 25 mm.

[Table 1]

Content (mol%) Molecular Weight
Tg (°C)

First Structural Unit Second Structural Unit Mw (3104) Mw/Mn

Copolymer 1-1 10 90 32.0 1.14 122

Copolymer 1-2 21 79 25.4 1.19 136

Copolymer 1-3 33 67 22.8 1.29 155
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(Example 1-2)

[0143] An unstretched film 1-2 was obtained by the same method as Example 1-1 except that the copolymer 1-2 was
used in place of the copolymer 1-1. The transparency of the obtained unstretched film 1-2 was high and the film thickness
was 42 mm.
[0144] Next, the obtained unstretched film 1-2 was cut out into 7x7 cm, and uniaxial stretching at 2.0-fold magnification
was performed using a biaxial stretching apparatus (Imoto Machinery Co., Ltd. IMC-190A) under a temperature condition
of Tg of the copolymer 1-2 + 12°C (148°C) at a tension rate of 120 mm/min. to obtain a phase difference film 1-2 having
a thickness of 30 mm.

(Example 1-3)

[0145] An unstretched film 1-3 was obtained by the same method as Example 1-1 except that the copolymer 1-3 was
used in place of the copolymer 1-1. The transparency of the obtained unstretched film 1-3 was high and the film thickness
was 53 mm.
[0146] Next, the obtained unstretched film 1-3 was cut out into 7x7 cm, and uniaxial stretching at 2.0-fold magnification
was performed using a biaxial stretching apparatus (Imoto Machinery Co., Ltd. IMC-190A) under a temperature condition
of Tg of the copolymer 1-3 + 12°C (167°C) at a tension rate of 120 mm/min. to obtain a phase difference film 1-3 having
a thickness of 37 mm.

(Example 1-4)

[0147] An unstretched film 1-4 having high transparency and a film thickness of 42 mm was obtained by the same
method as Example 1-2.
[0148] Next, the obtained unstretched film 1-4 was cut out into 737 cm, and simultaneous biaxial stretching at 1.4-
fold magnification was performed using a biaxial stretching apparatus (Imoto Machinery Co., Ltd. IMC-190A) under a
temperature condition of Tg of the copolymer 1-2 + 12°C (148°C) at a tension rate of 120 mm/min. to obtain a phase
difference film 1-4 having a thickness of 29 mm.

(Example 1-5)

[0149] An unstretched film 1-5 having high transparency and a film thickness of 51 mm was obtained by the same
method as Example 1-2.
[0150] Next, the obtained unstretched film 1-5 was cut out into 737 cm, and simultaneous biaxial stretching at 1.7-
fold magnification was performed using a biaxial stretching apparatus (Imoto Machinery Co., Ltd. IMC-190A) under a
temperature condition of Tg of the copolymer 1-2 + 12°C (148°C) at a tension rate of 120 mm/min. to obtain a phase
difference film 1-5 having a thickness of 24 mm.

(Comparative Example 1-1)

[0151] An unstretched film 1-6 was obtained by the same method as Example 1-1 except that commercial polystyrene
(Wako Pure Chemical Industries, Ltd., glass-transition temperature: 100°C, weight-average molecular weight Mw:
1653103, molecular weight distribution Mw/Mn: 2.0) was used in place of the copolymer 1-1. The transparency of the
obtained unstretched film 1-6 was high and the film thickness was 35 mm.
[0152] Next, the obtained unstretched film 1-6 was cut out into 7x7 cm, and uniaxial stretching at 2.0-fold magnification
was performed using a biaxial stretching apparatus (Imoto Machinery Co., Ltd. IMC-190A) under a temperature condition
of Tg of polystyrene + 12°C (112°C) at a tension rate of 120 mm/min. to obtain a phase difference film 1-6 having a
thickness of 25 mm.
[0153] With respect to the phase difference films obtained in Examples 1-1 to 1-5 and Comparative Example 1-1, the
retardation, the refractive index, and the photoelastic coefficient were measured by the following methods. The meas-
urement results were as shown in Table 2.

(Measurement of Refractive Index and Retardation)

[0154] The retardation (Re, Rth) defined by the following equations was determined using a retardation measuring
instrument (manufactured by Oji Scientific Instruments KOBRA-21ADH): 
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wherein Nx: refractive index in main stretching direction, Ny: in-plane refractive index in direction perpendicular to main
stretching direction, Nz: refractive index in direction perpendicular to plane (perpendicular to Nx and Ny), d: film thickness
(mm).

(Measurement of Photoelastic Coefficient)

[0155] The measurement was performed by applying compressive load to a 9 mm380 mm test piece cut out from
each of the films obtained in Examples and Comparative Example, at 22°C and a rate of 0.1 mm/min, using a photoelastic
coefficient measuring instrument (manufactured by Uniopt Corporation, Ltd. PHEL-20A).

[0156] As shown in Table 2, it was confirmed that the stretched films obtained in Examples successfully function as
a phase difference film. Moreover, it was confirmed that the phase difference films of Examples satisfy the following
expression (1) and function as a so-called negative phase difference film. 

[0157] Furthermore, it was confirmed that the phase difference films obtained in Examples achieve both excellent heat
resistance and optical properties from the facts that the absolute value of the photoelastic coefficient is small and that
the glass-transition temperature of the copolymer is high. In contrast, the film of Comparative Example 1-1 was not
suitable for a phase difference film because the absolute value of the photoelastic coefficient is large.
[0158] Figure 3 is a diagram showing the relationship between the glass-transition temperature Tg and the content of
the first structural unit, of the polymers (copolymers 1-1 to 1-3 and polystyrene) contained in the phase difference films
of Examples 1-1 to 1-3 and Comparative Example 1-1.
[0159] Figure 4 is a diagram showing the relationship between the content of the first structural unit and the photoelastic
coefficient, of the polymers (copolymers 1-1 to 1-3 and polystyrene) contained in the phase difference films of Examples
1-1 to 1-3 and Comparative Example 1-1.
[0160] As shown in Figure 3 and Figure 4, by making the content of the first structural unit be in a predetermined
range, the absolute value of the photoelastic coefficient can be made sufficiently small while obtaining the high glass-
transition temperature.
[0161] Next, an example according to the phase difference film according to the second embodiment will be described.

(Synthesis Example 2-1: Synthesis of Copolymer 1)

[0162] In a 100 mL volume glass reactor, 5.33 g (51.3 mmol) of styrene and 2.29 g (12.7 mmol) of 1,1-diphenylethylene

[Table 2]

Film Thickness 
(mm)

Retardation 
(nm) Nx Ny Nz

Photoelastic Coefficient 
(310-12/Pa)

Re Rth

Example 1-1 25 275 138 1.589 1.600 1.600 1.84

Example 1-2 30 270 135 1.595 1.604 1.604 -0.09

Example 1-3 37 187 93 1.606 1.611 1.611 -3.07

Example 1-4 29 32.8 246 1.597 1.598 1.606 1.84

Example 1-5 24 28.0 228 1.596 1.597 1.606 1.84

Comparative 
Example 1-1

25 300 150 1.582 1.594 1.594 10.14
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were weighed and put under a nitrogen atmosphere, and diluted with 20 mL of cyclohexane. After the solution was
cooled with an ice bath, a 0.10 M s-butyllithium/cyclohexane solution was dropped little by little until the system became
pale yellow, and remaining moisture was removed.
[0163] Then, 0.25 mL of the 0.10 M s-butyllithium/cyclohexane solution (0.025 mmol as s-butyllithium) was added.
The solution was heated with an oil bath at 50°C while being stirred, and changed into dark red, and increase in viscosity
due to progression of a polymerization reaction was observed. After continuing the heating and stirring for 4 hours, 5
mL of methanol was added to stop the reaction. The reaction solution was poured into 2 L of methanol, and a white
precipitate was collected by filtration. The obtained precipitate was washed with boiling methanol, and then, dried at
120°C under reduced pressure for 12 hours to obtain styrene/1,1-diphenylethylene copolymer (hereinafter, referred to
as "copolymer 2-1 ").
[0164] With respect to the obtained copolymer 2-1, the contents of the first structural unit and the second structural
unit, the molecular weight, the molecular weight distribution, and the glass-transition temperature (Tg) were measured
by the following methods. The measurement results were as shown in Table 3.

(Measurement of Content)

[0165] 1H-NMR of the obtained copolymer was measured using a superconducting nuclear magnetic resonance ab-
sorption apparatus (NMR, Varian Inc., INOVA600), and the contents of the first structural unit and the second structural
unit were calculated from the peak area ratio of aromatic protons, methyl, methylene, and methine.

(Measurement of Molecular Weight and Molecular Weight Distribution)

[0166] The measurement was performed using gel permeation chromatography (GPC, manufactured by Tosoh Cor-
poration, HLC-8020) in which three columns (TSKgel SuperHM-M) are connected and a RI detector is provided. Tet-
rahydrofuran was used as a solvent, and the number average molecular weight (Mn), the weight-average molecular
weight (Mw), and the molecular weight distribution (Mw/Mn) of the obtained copolymer, in terms of polystyrene, were
determined.

(Measurement of Glass-Transition Temperature (Tg))

[0167] The measurement was performed using a differential scanning calorimeter (DSC, manufactured by SII Nano
Technology Inc., DSC 7020). Specifically, under a nitrogen atmosphere, the temperature was increased to 230°C from
the room temperature (25°C) at 20°C/min, and then, returned to the room temperature at 20°C/min, and increased again
to 230°C at 10°C/min. The glass-transition temperature measured in the second heat-increasing process was defined
as Tg. In the measurement, powder obtained by reprecipitation purification of the obtained copolymer was used.

(Example 2-1)

[0168] A chloroform solution containing 10 mass% of a resin mixture 2-1, in which the copolymer 2-1 obtained in
Synthesis Example 2-1 and poly(2,6-dimethyl-1,4-phenylene oxide) [manufactured by Sigma-Aldrich Co. LLC., catalog
No. 25134-01-4, weight-average molecular weight=244000, glass-transition temperature=211°C] were blended at a
mass ratio of 90:10, was prepared, and it was supplied on a glass plate into a film shape by a casting method and
naturally dried for 72 hours. The obtained film was peeled off from the glass plate, and then, dried under reduced pressure
at 140°C until the concentration of chloroform became 500 massppm or less to obtain an unstretched film 2-1. The
transparency of the obtained unstretched film 2-1 was high, the film thickness was 83 mm, and Tg of a resin composition
2-1 forming the unstretched film 1 was 136°C.
[0169] Next, the obtained unstretched film 2-1 was cut out into 737 cm, and uniaxial stretching at 2.0-fold magnification
was performed using a biaxial stretching apparatus (Imoto Machinery Co., Ltd. IMC-190A) under a temperature condition
of Tg of the resin composition 2-1 + 12°C (148°C) at a tension rate of 120 mm/min. to obtain a phase difference film 2-1
having a thickness of 59 mm.

[Table 3]

Content (mol%) Molecular Weight
Tg (°C)

First Structural Unit Second Structural Unit Mw (3104) Mw/Mn

Copolymer 2-1 21 79 25.4 1.19 136
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(Example 2-2)

[0170] An unstretched film 2-2 was obtained by the same method as Example 2-1 except that the resin mixture 2-1
was changed to a resin mixture 2-2 in which the copolymer 2-1 and poly(2,6-dimethyl-1,4-phenylene oxide) were blended
at a mass ratio of 80:20. The transparency of the obtained unstretched film 2-2 was high, the film thickness was 74 mm,
and Tg of a resin composition 2-2 forming the unstretched film 2-2 was 143°C.
[0171] Next, the obtained unstretched film 2-2 was cut out into 7x7 cm, and uniaxial stretching at 2.0-fold magnification
was performed using a biaxial stretching apparatus (Imoto Machinery Co., Ltd. IMC-190A) under a temperature condition
of Tg of the resin composition 2-2 + 12°C (155°C) at a tension rate of 120 mm/min. to obtain a phase difference film 2-2
having a thickness of 52 mm.

(Example 2-3)

[0172] An unstretched film 2-3 was obtained by the same method as Example 2-1 except that the resin mixture 2-1
was changed to a resin mixture 2-3 in which the copolymer 2-1 and poly(2,6-dimethyl-1,4-phenylene oxide) were blended
at a mass ratio of 78:22. The transparency of the obtained unstretched film 2-3 was high, the film thickness was 79 mm,
and Tg of a resin composition 2-3 forming the unstretched film 2-3 was 145°C.
[0173] Next, the obtained unstretched film 2-3 was cut out into 737 cm, and uniaxial stretching at 2.0-fold magnification
was performed using a biaxial stretching apparatus (Imoto Machinery Co., Ltd. IMC-190A) under a temperature condition
of Tg of the resin composition 2-3 + 12°C (157°C) at a tension rate of 120 mm/min. to obtain a phase difference film 2-3
having a thickness of 56 mm.

(Example 2-4)

[0174] An unstretched film 2-4 was obtained by the same method as Example 2-1 except that the resin mixture 2-1
was changed to a resin mixture 2-4 in which the copolymer 2-1 and poly(2,6-dimethyl-1,4-phenylene oxide) were blended
at a mass ratio of 75:25. The transparency of the obtained unstretched film 2-4 was high, the film thickness was 85 mm,
and Tg of a resin composition 2-4 forming the unstretched film 2-4 was 147°C.
[0175] Next, the obtained unstretched film 2-4 was cut out into 7x7 cm, and uniaxial stretching at 2.0-fold magnification
was performed using a biaxial stretching apparatus (Imoto Machinery Co., Ltd. IMC-190A) under a temperature condition
of Tg of the resin composition 2-4 + 12°C (159°C) at a tension rate of 120 mm/min. to obtain a phase difference film 2-4
having a thickness of 60 mm.

(Example 2-5)

[0176] An unstretched film 2-5 was obtained by the same method as Example 2-1 except that the resin mixture 2-1
was changed to a resin mixture 2-5 in which the copolymer 2-1 and poly(2,6-dimethyl-1,4-phenylene oxide) were blended
at a mass ratio of 72:28. The transparency of the obtained unstretched film 2-5 was high, the film thickness was 83 mm,
and Tg of a resin composition 2-5 forming the unstretched film 2-5 was 149°C.
[0177] Next, the obtained unstretched film 2-5 was cut out into 7x7 cm, and uniaxial stretching at 2.0-fold magnification
was performed using a biaxial stretching apparatus (Imoto Machinery Co., Ltd. IMC-190A) under a temperature condition
of Tg of the resin composition 2-5 + 12°C (161°C) at a tension rate of 120 mm/min. to obtain a phase difference film 2-5
having a thickness of 59 mm.

(Example 2-6)

[0178] An unstretched film 2-6 having high transparency and a film thickness of 77 mm was obtained by the same
method as Example 2-4.
[0179] Next, the obtained unstretched film 2-6 was cut out into 7x7 cm, and simultaneous biaxial stretching at 1.4-fold
magnification was performed using a biaxial stretching apparatus (Imoto Machinery Co., Ltd. IMC-190A) under a tem-
perature condition of Tg of the resin composition 2-4 + 12°C (159°C) at a tension rate of 120 mm/min. to obtain a phase
difference film 2-6 having a thickness of 55 mm.

(Example 2-7)

[0180] An unstretched film 2-7 having high transparency and a thickness of 76 mm was obtained by the same method
as Example 2-4.
[0181] Next, the obtained unstretched film 2-7 was cut out into 7x7 cm, and simultaneous biaxial stretching at 1.8-fold
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magnification was performed using a biaxial stretching apparatus (Imoto Machinery Co., Ltd. IMC-190A) under a tem-
perature condition of Tg of the resin composition 2-4 + 12°C (159°C) at a tension rate of 120 mm/min. to obtain a phase
difference film 2-7 having a thickness of 33 mm.

(Comparative Example 2-1)

[0182] An unstretched film 2-8 was obtained by the same method as Example 2-1 except that the resin mixture 2-1
was changed to the copolymer 2-1 (the mass ratio of the copolymer 2-1 to poly(2,6-dimethyl-1,4-phenylene oxide) was
100:0). The transparency of the obtained unstretched film 2-8 was high, the film thickness was 42 mm, and Tg of a resin
composition 2-8 forming the unstretched film 2-8 was 133°C.
[0183] Next, the obtained unstretched film 2-8 was cut out into 737 cm, and uniaxial stretching at 2.0-fold magnification
was performed using a biaxial stretching apparatus (Imoto Machinery Co., Ltd. IMC-190A) under a temperature condition
of Tg of the resin composition 2-8 + 12°C (145°C) at a tension rate of 120 mm/min. to obtain a phase difference film 2-8
having a thickness of 30 mm.

(Comparative Example 2-2)

[0184] An unstretched film 2-9 was obtained by the same method as Example 2-1 except that the resin mixture 2-1
was changed to a resin mixture 2-9 in which the copolymer 2-1 and poly(2,6-dimethyl-1,4-phenylene oxide) were blended
at a mass ratio of 60:40. The transparency of the obtained unstretched film 2-9 was high, the film thickness was 82 mm,
and Tg of a resin composition 2-9 forming the unstretched film 2-9 was 158°C.
[0185] Next, the obtained unstretched film 2-9 was cut out into 7x7 cm, and uniaxial stretching at 2.0-fold magnification
was performed using a biaxial stretching apparatus (Imoto Machinery Co., Ltd. IMC-190A) under a temperature condition
of Tg of the resin composition 2-9 + 12°C (170°C) at a tension rate of 120 mm/min. to obtain a phase difference film 2-9
having a thickness of 58 mm.

(Comparative Example 2-3)

[0186] An unstretched film 2-10 was obtained by the same method as Example 2-4 except that commercial polystyrene
(Wako Pure Chemical Industries, Ltd., glass-transition temperature: 91°C, weight-average molecular weight Mw:
1653103, molecular weight distribution Mw/Mn: 2.0) was used in place of the copolymer 2-1. The transparency of the
obtained unstretched film 2-10 was high, the film thickness was 79 mm, and Tg of a resin composition 2-10 forming the
unstretched film 2-10 was 115°C.
[0187] Next, the obtained unstretched film 2-10 was cut out into 7x7 cm, and uniaxial stretching at 2.0-fold magnification
was performed using a biaxial stretching apparatus (Imoto Machinery Co., Ltd. IMC-190A) under a temperature condition
of Tg of the resin composition 2-10 + 12°C (127°C) at a tension rate of 120 mm/min. to obtain a phase difference film
2-10 having a thickness of 56 mm.
[0188] With respect to the phase difference films obtained in Examples 2-1 to 2-7 and Comparative Examples 2-1 to
2-3, the retardation and the refractive index were measured by the following methods. The measurement results were
as shown in Table 4.

(Measurement of Refractive Index and Retardation)

[0189] The retardation (Re, Rth) defined by the following equations was determined using a retardation measuring
instrument (manufactured by Oji Scientific Instruments KOBRA-21ADH): 

wherein Nx: refractive index in main stretching direction, Ny: in-plane refractive index in direction perpendicular to main
stretching direction, Nz: refractive index in direction perpendicular to plane (perpendicular to Nx and Ny), d: film thickness
(mm).
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[0190] As shown in Table 4, it was confirmed that the stretched films obtained in Examples successfully function as
a phase difference film from the facts that negative birefringence having the smallest refractive index in the main stretching
direction is exhibited and that the wavelength dispersion value D satisfies 0.70<D<1.06.
[0191] The phase difference films obtained in Comparative Examples 2-1 and 2-2 had the wavelength dispersion value
D of 1.06 or more. In addition, the film obtained in Comparative Example 2-3 had low Tg such as 115°C, and could not
obtain heat resistance suitable for a phase difference film.

Industrial Applicability

[0192] According to the present invention, a negative phase difference film which excels in heat resistance and optical
properties, and a liquid crystal display device provided with the same are provided.

Reference Signs List

[0193]

10, 11 ··· phase difference film

Claims

1. A phase difference film obtained by stretching a resin film formed of a resin composition containing a copolymer
having a first structural unit represented by the following formula (1) and a second structural unit represented by
the following formula (2), in at least a uniaxial direction, wherein
a content of the first structural unit in the copolymer is 3 to 50 mol% on the basis of a total of the first structural unit
and the second structural unit:

[Table 4]

Film Thickness 
(mm)

Retardation 
(nm) Nx Ny Nz

Wavelength 
Dispersion Value D

Re Rth

Example 2-1 59 349.5 174.7 1.594 1.600 1.600 1.05

Example 2-2 52 88.7 44.3 1.595 1.596 1.596 1.00

Example 2-3 56 136.4 68.2 1.594 1.596 1.596 1.01

Example 2-4 60 108.4 54.2 1.593 1.595 1.595 0.98

Example 2-5 59 26.7 13.3 1.593 1.594 1.594 0.73

Example 2-6 55 14.0 14.0 1.594 1.595 1.595 1.05

Example 2-7 33 11.8 11.8 1.593 1.593 1.596 1.05

Comparative Example 
2-1

30 270.0 135 1.595 1.604 1.604 1.06

Comparative Example 
2-2

58 66.7 33.3 1.591 1.590 1.590 1.17

Comparative Example 
2-3

56 100.6 50.3 1.585 1.587 1.587 0.98
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wherein a and b each represent independently an integer of 0 to 5; R1 and R2 each represent independently a
hydrogen atom or an organic residue having 1 to 12 carbon atoms; and when a or b is an integer of 2 or more, a
plurality of R1 or R2 each may be the same or different from each other; and

wherein c represents an integer of 0 to 5; R3 represents a hydrogen atom or an organic residue having 1 to 4 carbon
atoms; R4 represents a hydrogen atom or an organic residue having 1 to 12 carbon atoms; and when c is an integer
of 2 or more, a plurality of R4 may be the same or different from each other.

2. A phase difference film obtained by stretching a resin film formed of a resin composition containing a copolymer
having a first structural unit represented by the following formula (1) and a second structural unit represented by
the following formula (2), and poly(2,6-dimethyl-1,4-phenylene oxide), in at least a uniaxial direction,
wherein
a content of the poly(2,6-dimethyl-1,4-phenylene oxide) in the resin composition is 5 to 30 mass% on the basis of
a total amount of the resin composition:

wherein a and b each represent independently an integer of 0 to 5; R1 and R2 each represent independently a
hydrogen atom or an organic residue having 1 to 12 carbon atoms; and when a or b is an integer of 2 or more, a
plurality of R1 or R2 each may be the same or different from each other; and
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wherein c represents an integer of 0 to 5; R3 represents a hydrogen atom or an organic residue having 1 to 4 carbon
atoms; R4 represents a hydrogen atom or an organic residue having 1 to 12 carbon atoms; and when c is an integer
of 2 or more, a plurality of R4 may be the same or different from each other.

3. The phase difference film according to claim 2, wherein a content of the first structural unit in the copolymer is 3 to
50 mol% on the basis of a total of the first structural unit and the second structural unit.

4. The phase difference film according to any one of claims 1 to 3, wherein a glass-transition temperature of the
copolymer is 105 to 170°C.

5. The phase difference film according to any one of claims 1 to 4, wherein an absolute value of a photoelastic coefficient
is 5.0310-12 (/Pa) or less.

6. The phase difference film according to any one of claims 1 to 4, wherein a wavelength dispersion value D satisfies
the relationship of 0.70<D<1.06.

7. The phase difference film according to any one of claims 1 to 6, wherein a glass-transition temperature of the resin
composition is 120°C or more.

8. The phase difference film according to any one of claims 1 to 7, wherein a refractive index Nx in an x-axial direction,
a refractive index Ny in a y-axial direction and a refractive index Nz in a z-axial direction satisfy a relationship of
Nz≥Ny>Nx, when a main stretching direction of the phase difference film is referred to as an x-axial direction, a
direction perpendicular to the x-axial direction in a plane of the phase difference film is referred to as a y-axial
direction, and a direction perpendicular to both of the x-axial direction and the y-axial direction is referred to as a z-
axial direction.

9. A liquid crystal display device provided with the phase difference film according to any one of claims 1 to 8.
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