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Description

[0001] The invention relates to a negative C-plate type optical anisotropic film comprising a norbornenebased poly-
cycloolefin.
[0002] Further the invention relates to a liquid crystal display comprising the above said optical anisotropic film.
[0003] In Journal of Applied Polymer Science, vol 80, 2001, p 2328-2334 polynorbornene films for packaging obtained
by spin-coating, are disclosed, whereby the films are transparent, anisotropic and comprise polycycloolefin.
[0004] In Journal of Polymer Science, Part B:: Polymer Physics, vol 37, 1999, p 3003-3010 polynorbornene homo-
and copolymeric films obtained by spin coating are disclosed.
[0005] This prior art do not disclose a negative C-plate type optical anisotropic film. The coating process requires great
expense and leads to optical loss due to light absorption in the visible region.
[0006] It is the object of the invention to avoiding this disadvantages.
[0007] According the invention this objects is solved referring a film by the features of claim 1 and referring a display
by the features of claim 12.
[0008] Favorably the invention leads to that the film has negative birefringence along thickness direction while requiring
no coating process and experiencing no optical loss.
[0009] Preferred embodiments and advantageous developments of the superposed teaching are disclosed in the
subclaims.
[0010] Hereinafter, the present invention is described in more detail.
[0011] The following description provides a negative C-plate type optical anisotropic film, particularly a film comprising
a cycloolefin addition polymer prepared from addition polymerization of a norbornene-based monomer, a method for
preparing the same, and a liquid crystal display comprising the same.
[0012] The cycloolefin addition polymer, which is prepared from addition polymerization of a norbornene-based mon-
omer, includes a homopolymer prepared from addition polymerization of norbornene-based monomers represented by
the following Chemical Formula 1, and a copolymer prepared from addition copolymerization with another monomer: or
along the fast axis (y-axis), nz is the refractive index along the thickness direction (z-axis), and d is the film thickness.
[0013] If any of Rth or Re is much larger than the other, the film can be used as a compensation film having uni-axial
optical anisotropy, and if both of them are not close to 0, the film can be used as a compensation film having bi-axial
optical anisotropy.
[0014] Compensation films having uni-axial optical anisotropy can be classified into the A-plate (nx ≠ ny ≈ nz) and the
C-plate (nx ≈ ny ≈ nz). The in-plane phase difference can be controlled by such secondary film processing as precise
film stretching, and thus optical isotropic materials can be uni-axial oriented. However, the controlling optical anisotropy
along the thickness direction by secondary processing is relatively limited, and it is preferable to use a transparent
polymer material having different molecular arrangements along the thickness direction and the planar direction. In
particular, when considering compensation along the optical axis only, an ideal compensation film should have an optical
axis which is a mirror image of that of the liquid crystal layer, and thus the negative C-plate having negative birefringence
along the thickness direction can be required for VA mode and TN mode, which have higher refractive indices along the
thickness direction than the planar direction.
[0015] Because the negative C-plate has a very small Re value, Rth can be obtained from the following Equation 3 by
measuring Rθ, which is expressed by the product of optical path length and Δ(ny - nθ), the difference of refractive index
along the fast axis and refractive index when the angle between the film plane and the incident ray of light is large: 

[0016] In Equation 3, θf is the internal angle.
[0017] For polymer materials that can be used as the negative C-plate, a discotic liquid crystal (e.g., US Patent No.
5,583,679), a polyimide having a planar phenyl group at the main chain (e.g., US Patent No. 5,344,916), and a cellulosic
film (e.g., WO 2000/55657) are disclosed.
[0018] Of these materials, the discotic liquid crystal cannot be used alone and requires precise coating of up to several
micrometers thickness on a transparent support. In addition to the cost of the coating process, the relative large bire-
fringence of the discotic liquid crystal results in a relatively large phase difference as a result of a small difference in
coating thickness, and pollutants such as dust remaining on the coating film surface or in the discotic liquid crystal
solution may cause optical defects.
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[0019] The polyimide is problematic because it experiences optical loss as it absorbs light in the visible region, and it
peels easily due to weak adhesivity and high water absorptivity.
[0020] The cellulose ester-based film has problems in dimensional stability and adhesivity due to high water absorptivity,
and is disadvantageous in durability compared with cycloolefin polymers due to the relatively high content of phase
retarder compound having a low molecular weight. Also, resins comprising such an aromatic phase retarder compound
have a relatively large wavelength dispersive characteristic due to the absorption in the visible region, which is seen
from Sellmeyer’s formula expressed by the following Equation 4: 

[0021] In Equation 4,
n is the refractive index, λ1, λ2, ... are absorption wavelengths, and A1, A2, ... are fitting parameters.
[0022] Therefore, for a polymer material comprising an aromatic compound that is to be used as a compensation film,
compensation of the wavelength dispersive characteristic should be considered because the phase difference varies a
lot depending on the wavelength. That is, even if a compensation film comprising such material is optimized for optical
compensation near 550 nm, where the highest optical efficiency is obtained, there arises a coloration problem because
optical compensation is not satisfied for other wavelengths. This problem makes it difficult to control the display color.
[0023] On the contrary, since a cycloolefinic polymer does not absorb light in the visible region, it has a flat wavelength
dispersive characteristic, and thus results in small phase differences with respect to wavelength. Cycloolefinic copolymers
are well known in the literature. They have low dielectric constants, and low water absorptivity due to high hydrocarbon
content.
[0024] For methods of polymerizing a cyclic monomer, there are ROMP (ring opening metathesis polymerization),
HROMP (ring opening metathesis polymerization followed by hydrogenation), copolymerization with ethylene, and ho-
mogeneous polymerization, as seen in the following Scheme 1. Scheme 1 shows polymers having different structures
and physical properties that are obtained from the same monomers depending on which polymerization method is applied.

[0025] The polymer obtained by ROMP has poor heat stability and oxidative stability due to unsaturation of the main
chain, and is used as a thermoplastic resin or thermosetting resin. But the resin prepared from this method has a heat
stability problem. Hydrogenation generally increases the glass transition temperature of the ROMP polymer by some
50 °C, but the glass transition temperature is still low due to the ethylene group present between the cyclic monomers
(Metcon 99).
[0026] In addition, cost increases due to more synthesis steps and weak mechanical properties are barriers to com-
mercial utilization of such polymers. It has been reported that a polymer having a large molecular weight but a narrow
molecular weight distribution can be obtained if a zirconium-based metallocene catalyst is used (Plastic News, Feb. 27,
1995, p.24). However, the activity decreases as the cyclic monomer concentration increases, and the copolymer has a
low glass transition temperature (Tg < 200 °C). Also, although the heat stability is improved, the mechanical strength is
weak and chemical resistance against solvents or halogenated hydrocarbons is not good.
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[0027] A cycloolefinic polymer obtained by addition polymerization using a homogeneous catalyst has a rigid and
bulky ring structure in every monomer unit of the main chain. Thus, the polymer has very high Tg, and is amorphous.
Therefore, the polymer neither experiences optical loss due to scattering nor absorbs light in the visible region by
π-conjugation. Particularly, a cycloolefinic polymer having a relatively large molecular weight, which is obtained by
addition polymerization using an organometallic compound as a catalyst, is electrically isotropic and has a low dielectric
constant (J. Appl. Polym. Sci. Vol. 80, p 2328, 2001).
[0028] Thus, polymers prepared using norbornene monomers have high transmittivity, low birefringence, and high Tg,
so they can be used for optical purposes such as in light guide panels and optical discs. Also, due to low dielectric
constants, superior adhesivity, electrical isotropy, and high Tg, they can be used as insulation materials.
[0029] Introduction of substituents to a polymer comprising hydrocarbons is a useful method to control chemical and
physical properties of the polymer. However, when introducing a substituent having a polar functional group, a free
electron pair of the polar functional group tends to react with the active catalytic site and functions as a catalyst poison.
Therefore, it is not always easy to introduce a polar functional group to a polymer, and there is a limit to the kind and
amount of substituents that can be introduced. It is known that polymers prepared from substituted cyclic monomers
have small molecular weights. In general, norbornene-based polymers are prepared by using post-transition organo-
metallic catalysts. Most of such catalysts show low activity in polymerization of monomers containing polar groups, and
generally, the prepared polymers have molecular weights of not more than 10,000 (Risse et al., Macromolecules, 1996,
Vol. 29, 2755-2763; Risse et al., Makromol. Chem., 1992, Vol. 193, 2915-2927; Sen et al., Organometallics 2001, Vol
20, 2802-2812; Goodall et al., US Patent No. 5,705,503).

SUMMARY OF THE INVENTION

[0030] An object of the present invention is to solve the problems described above and to provide an optical anisotropic
film comprising a cycloolefinic polymer having negative birefringence along the thickness direction, which requires no
coating process and experiences no optical loss due to light absorption in the visible region.
[0031] Another object of the present invention is to provide a method for preparing an optical anisotropic film, a
birefringence of which along the thickness direction can be controlled by the kind and content of a functional group
introduced to the cycloolefin.
[0032] Still another object of the present invention is to provide an optical anisotropic film having superior water
absorption resistance and durability and small birefringence difference with respect to wavelength, and a method for
preparing the same.
[0033] Still another object of the present invention is to provide a liquid crystal display comprising an optical compen-
sation film comprising a cycloolefinic polymer having negative birefringence along the thickness direction, which requires
no coating process and experiences no optical loss due to light absorption in the visible region.
[0034] To attain the objects, the present invention provides a negative C-plate type optical anisotropic film comprising
a polycycloolefin.
[0035] The present invention also provides an optically anisotropic transparent film with a retardation value (Rth)
defined by the following Equation 1 being 30 to 1000 nm, and a phase difference ratio for two wavelengths at a given
declined angle being (R450/R550) = 1 to 1.05 and (R650/R550) = 0.95 to 1, respectively, wherein R450 is the phase difference
at wavelength = 450 nm, R550 is the phase difference at wavelength = 550 nm, and R650 is the phase difference at
wavelength = 650 nm: 

[0036] In Equation 1,

ny is the in-plane refractive index along the transverse direction or along the fast axis measured at the wavelength
of 550 nm;
nz is the refractive index along the thickness direction (z-axis) measured at the wavelength of 550 nm; and
d is the film thickness.

[0037] The present invention also provides an optical anisotropic compensation film comprising a polycycloolefin for
use in a liquid crystal display.
[0038] Further, the present invention provides a method for preparing a negative C-plate type optical anisotropic film
comprising a polycycloolefin, which comprises the steps of:
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a) addition polymerizing norbornene-based monomers to prepare a norbornene-based addition polymer;
b) dissolving said norbornene-based addition polymer in a solvent to prepare a norbornene-based addition polymer
solution; and
c) coating or casting said norbornene-based addition polymer solution on a plate and drying the same.

[0039] Further, the present invention provides a liquid crystal display comprising a negative C-plate type optical ani-
sotropic film comprising a polycycloolefin.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0040] Hereinafter, the present invention is described in more detail.
[0041] The present invention provides a negative C-plate type optical anisotropic film, particularly a film comprising a
cycloolefin addition polymer prepared from addition polymerization of a norbornene-based monomer, a method for
preparing the same, and a liquid crystal display comprising the same.
[0042] The cycloolefin addition polymer of the present invention, which is prepared from addition polymerization of a
norbornene-based monomer, includes a homopolymer prepared from addition polymerization of norbornene-based
monomers represented by the following Chemical Formula 1, and a copolymer prepared from addition copolymerization
with another monomer:

[0043] In Chemical Formula 1,

m is an integer from 0 to 4;
R1, R2, R3, and R4 are independently or simultaneously hydrogen; a halogen; a C1 to C20 linear or branched alkyl,
alkenyl, or vinyl; a C4 to C12 cycloalkyl substituted by a hydrocarbon or unsubstituted; a C6 to C40 aryl substituted
by a hydrocarbon or unsubstituted; a C7 to C15 aralkyl substituted by a hydrocarbon or unsubstituted; a C3 to C20
alkynyl; a C1 to C20 linear or branched haloalkyl, haloalkenyl, or halovinyl; a C5 to C12 halocycloalkyl substituted by
a hydrocarbon or unsubstituted; a C6 to C40 haloaryl substituted by a hydrocarbon or unsubstituted; a C7 to C15
haloaralkyl substituted by a hydrocarbon or unsubstituted; a C3 to C20 haloalkynyl; or a non-hydrocarbonaceous
polar group containing at least one of oxygen, nitrogen, phosphorus, sulfur, silicon, or boron; and
if R1, R2, R3, and R4 are not hydrogen, a halogen, or a polar functional group, R1 and R2, or R3 and R4 may be
connected to each other to form a C1 to C10 alkylidene group, or R1 or R2 may be connected to R3 or R4 to form a
C4 to C12 saturated or unsaturated cyclic group or a C6 to C24 aromatic cyclic compound.

[0044] Said non-hydrocarbonaceous polar group can be selected from the following functional groups, but is not limited
to them:

-C(O)OR6, -R5C(O)OR6, -OR6, -OC(O)OR6, -R5OC(O)OR6, -C(O)R6, -R5C(O)R6,-OC(O)R6, -R5OC(O)R6,
-(R5O)p-OR6, -(OR5)p-OR6, -C(O)-O-C(O)R6, -R5C(O)-O-C(O)R6, -SR6, -R5SR6, -SSR6, -R5SSR6, -S(=O)R6,
-R5S(=O)R6, -R5C(=S)R6,-R5C(=S)SR6, -R5SO3R6, -SO3R6, -R5N=C=S, -NCO, R5-NCO, -CN, -R5CN,-NNC(=S)R6,
-R5NNC(=S)R6, -NO2, -R5NO2,
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[0045] Each R5 of said non-hydrocarbonaceous polar group is a C1 to C20 linear or branched alkyl, haloalkyl, alkenyl,
haloalkenyl, vinyl, or halovinyl; a C4 to C12 cycloalkyl or halocycloalkyl substituted by a hydrocarbon or unsubstituted;
a C6 to C40 aryl or haloaryl substituted by a hydrocarbon or unsubstituted; a C7 to C15 aralkyl or haloaralkyl substituted
by a hydrocarbon or unsubstituted; or a C3 to C20 alkynyl or haloalkynyl;
each of R6, R7, and R8 is hydrogen; a halogen; a C1 to C20 linear or branched alkyl, haloalkyl, alkenyl, haloalkenyl, vinyl,
halovinyl, alkoxy, haloalkoxy, carbonyloxy, or halocarbonyloxy; a C4 to C12 cycloalkyl or halocycloalkyl substituted by a
hydrocarbon or unsubstituted; a C6 to C40 aryl, haloaryl, aryloxy, or haloaryloxy substituted by a hydrocarbon or unsub-
stituted; a C7 to C15 aralkyl or haloaralkyl substituted by hydrocarbon or unsubstituted; or C3 to C20 alkynyl or haloalkynyl;
and
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p is an integer from 1 to 10.
[0046] The norbornene-based monomer of the present invention is a monomer comprising at least one norbornene(bi-
cyclo[2,2,1]hept-2-ene) unit represented by the following Chemical Formula 2:

[0047] The negative C-plate type optical anisotropic film of the present invention can be prepared from any cycloolefinic
polymer obtained from addition polymerization of a norbornene-based monomer. A variety of cycloolefinic polymers can
be obtained depending on which catalyst system is selected during the addition polymerization. For example, a homopol-
ymer of norbornene-based monomers containing nonpolar functional groups, a copolymer of norbornene-based mon-
omers containing different nonpolar functional groups, a homopolymer of norbornene-based monomers containing polar
functional groups, a copolymer of norbornene-based monomers containing different polar functional groups, or a copol-
ymer of norbornene-based monomers containing nonpolar functional groups and norbornene-based monomers con-
taining polar functional groups can be prepared. In particular, it is preferable that the norbornene-based polymer preferably
contains polar groups and has a number-average molecular weight at least 10,000. As in common polymerization, the
addition polymerization is performed by mixing monomers and a catalyst in a solvent.
[0048] These cycloolefinic polymers may contain any polar group regardless of the catalyst system. By changing the
kind and content of the polar functional groups or nonpolar functional groups, the optical anisotropy of the polymers can
be altered. The resultant polymers can be used in compensation films for LCDs.
[0049] A polycycloolefin containing polar groups can be prepared by a variety of methods. Particularly, it is preferable
to obtain it from addition polymerization of norbornene-based monomers in the presence of a group 10 transition metal
catalyst.
[0050] More preferably, a catalyst system comprising a group 10 transition metal compound catalyst, an organic
compound cocatalyst comprising a group 15 element which has lone pair electrons that function as electron donors,
and a salt cocatalyst comprising a group 13 element which can be weakly coordinated to said transition metal, are
contacted with norbornene-based monomers represented by Chemical Formula 1 to prepare polar group-substituted
cycloolefinic polymers having large molecular weights with a high yield.
[0051] When preparing a cycloolefinic polymer containing such polar groups as ester groups or acetyl groups, it is
preferable to contact a catalyst system comprising:

i) a group 10 transition metal compound;
ii) a compound comprising a neutral group 15 electron donor ligand, a cone angle of which is at least 160°; and
iii) a salt capable of offering an anion which can be weakly coordinated to said transition metal of i)

with norbornene-based monomers represented by Chemical Formula 1, which contain such polar functional groups as
ester groups or acetyl groups. However, cycloolefinic polymers containing polar functional groups and method for pre-
paring the same are not limited to the aforementioned.
[0052] Preferably, the group 10 transition metal of i) is a compound represented by the following Chemical Formula
3 or Chemical Formula 4:

Chemical Formula 3 M(R)(R’)
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[0053] In Chemical Formula 3 and Chemical Formula 4,

M is a group 10 metal; and
each of R and R’ is an anion-leaving group that can be easily removed by an weakly coordinating anion, which can
be selected from the group consisting of a hydrocarbyl, a halogen, a nitrate, an acetate, trifluoromethanesulfonate,
bistrifluoromethanesulfonimide, tosylate, a carboxylate, an acetylacetonate, a carbonate, an aluminate, a borate,
an antimonate such as SbF6

-, an arsenate such as AsF6
-, a phosphate such as PF6

- or PO4
-, a perchlorate such

as ClO4
-, an amide such as (R")2N, and a phosphide such as (R")2P,

wherein said hydrocarbyl anion can be selected from the group consisting of: a hydride; a C1 to C20 linear or branched
alkyl, haloalkyl, alkenyl, haloalkenyl, vinyl, or halovinyl; a C5 to C12 cycloalkyl or halocycloalkyl substituted by a
hydrocarbon or unsubstituted; a C6 to C40 aryl or haloaryl substituted by a hydrocarbon or unsubstituted; a C6 to
C40 aryl or haloaryl containing a hetero atom; a C7 to C15 aralkyl or haloaralkyl substituted by a hydrocarbon or
unsubstituted; and a C3 to C20 alkynyl or haloalkynyl,
said acetate and acetylacetonate are [R"C(O)O]- and [R"’C(O)CHC(O)R""]- respectively, which are anionic ligands
offering an σ-bond or π-bond, and
each of R", R"’, and R"" is hydrogen; a halogen; a C1 to C20 linear or branched alkyl, haloalkyl, alkenyl, haloalkenyl,
vinyl, or halovinyl; a C5 to C12 cycloalkyl or halocycloalkyl substituted by a hydrocarbon or unsubstituted; a C6 to
C40 aryl or haloaryl substituted by a hydrocarbon or unsubstituted; a C6 to C40 aryl or haloaryl containing a hetero
atom; a C7 to C15 aralkyl or haloaralkyl substituted by a hydrocarbon or unsubstituted; or a C3 to C20 alkynyl or
haloalkynyl.

[0054] Preferably, the compound comprising a neutral group 15 electron donor ligand, a cone angle of which is at
least 160°, of ii), is a compound represented by the following Chemical Formula 5 or Chemical Formula 6:

Chemical Formula 5 P(R5)3-c[X(R5)d]c

[0055] In Chemical Formula 5,

X is oxygen, sulfur, silicon, or nitrogen;
c is an integer from 0 to 3;
wherein if X is oxygen or sulfur, d is 1, if X is silicon, d is 3, and if X is nitrogen, d is 2, and
if c is 3 and X is oxygen, two or three R5s may be connected with oxygen to form a cyclic group; and if c is 0, two
R5s may be connected with each other to form a phosphacycle; and
each R5 is hydrogen; a C1 to C20 linear or branched alkyl, alkoxy, allyl, alkenyl, or vinyl; a C5 to C12 cycloalkyl
substituted by a hydrocarbon or unsubstituted; a C6 to C40 aryl substituted by a hydrocarbon or unsubstituted; a C7
to C15 aralkyl substituted by a hydrocarbon or unsubstituted; a C3 to C20 alkynyl; a tri(C1 to C10 linear or branched
alkyl)silyl; a tri(C1 to C10 linear or branched alkoxy)silyl; a tri(C5 to C12 cycloalkyl substituted by a hydrocarbon or
unsubstituted)silyl; a tri(C6 to C40 aryl substituted by a hydrocarbon or unsubstituted)silyl; a tri(C6 to C40 aryloxy
substituted by a hydrocarbon or unsubstituted)silyl; a tri(C1 to C10 linear or branched alkyl)siloxy; a tri(C5 to C12
cycloalkyl substituted by a hydrocarbon or unsubstituted)siloxy; or a tri(C6 to C40 aryl substituted by a hydrocarbon
or unsubstituted)siloxy; wherein each functional group can be substituted by a linear or branched haloalkyl, or a
halogen.

Chemical Formula 6 (R5)2P-(R6)-P(R5)2

[0056] In Chemical Formula 6,

R5 is the same as defined in Chemical Formula 5; and
R6 is a C1 to C5 linear or branched alkyl, alkenyl, or vinyl; a C5 to C12 cycloalkyl substituted by a hydrocarbon or
unsubstituted; a C6 to C20 aryl substituted by a hydrocarbon or unsubstituted; or a C7 to C15 aralkyl substituted by
a hydrocarbon or unsubstituted.

[0057] Also, preferably, the salt of iii) capable of offering an anion which can be weakly coordinated to said transition
metal of i) is a salt represented by the following Chemical Formula 7:

Chemical Formula 7 [Cat]a[Anion]b
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[0058] In Chemical Formula 7,

Cat is a cation selected from the group consisting of hydrogen; a cation of a group 1 metal, a group 2 metal, or a
transition metal; and an organic group comprising said cations, to which the neutral group 15 electron donor com-
pound of ii) can be bonded;
Anion is an anion that can be weakly coordinated to the metal M of the compound represented by Chemical Formula
3, which is selected from the group consisting of borate, aluminate, SbF6

-, PF6
-, AlF3O3SCF3

-, SbF5SO3F-, AsF6
-,

perfluoroacetate (CF3CO2
-), perfluoropropionate (C2F5CO2

-), perfluorobutyrate (CF3CF2CF2CO2
-), perchlorate

(ClO4
-), p-toluenesulfonate (p-CH3C6H4SO3

-), . SO3CF3
-, boratabenzene, and caborane substituted by halogen or

unsubstituted; and
a and b are number of cations and anions, respectively, and are determined so that electrical neutrality is obtained.

[0059] Preferably, the cation-containing organic group in Chemical Formula 7 is selected from the group consisting
of ammonium ([NH(R7)3]+ or [N(R7)4]+); phosphonium ([PH(R7)3]+ or [P(R7)4]+); carbonium ([C(R7)3]+); silylium ([Si(R7)3]
+); [Ag]+; [Cp2Fe]+; and [H(OEt2)2]+, wherein each R7 is a C1 to C20 linear or branched alkyl; an alkyl or silylalkyl substituted
by a halogen; a C5 to C12 cycloalkyl substituted by a hydrocarbon or unsubstituted; a cycloalkyl or silylcycloalkyl substituted
by a halogen; a C6 to C40 aryl substituted by a hydrocarbon or unsubstituted; an aryl or silylaryl substituted by a halogen;
a C7 to C15 aralkyl substituted by a hydrocarbon or unsubstituted; or an aralkyl or silyl aralkyl substituted by a halogen.
[0060] Also, preferably, the borate and aluminate in Chemical Formulas 3, 4, and 7 are anions represented by the
following Chemical Formula 8 or Chemical Formula 9:

Chemical Formula 8 [M’(R8)(R9)(R10)(R11)]

Chemical Formula 9 [M’(OR12)(OR13)(OR14)(OR15)]

[0061] In Chemical Formula 8 and Chemical Formula 9,

M’ is boron or aluminum; and
each of R8, R9, R10 R11, R12, R13, R14, and R15 is a halogen; a C1 to C20 linear or branched alkyl or alkenyl substituted
by a halogen or unsubstituted; a C5 to C12 cycloalkyl substituted by a hydrocarbon or unsubstituted; a C6 to C40
aryl substituted by a hydrocarbon or unsubstituted; a C7 to C15 aralkyl substituted by a hydrocarbon or unsubstituted;
a C3 to C20 alkynyl; a C3 to C20 linear or branched trialkylsiloxy; or a C18 to C48 linear or branched triarylsiloxy.

[0062] The catalyst system of the present invention is a highly active catalyst system capable of avoiding a catalytic
activity decrease by an endo ester group or acetyl group. It makes it easy to prepare a polycycloolefin having such polar
groups as ester groups or acetyl groups.
[0063] A polycycloolefin, which is used to prepare the negative C-plate type optical anisotropic film of the present
invention, experiences no optical loss due to light absorption in the visible region, has relatively low water absorptivity,
has a higher surface tension when a polar functional group is introduced than when only nonpolar functional groups are
present, and has superior adhesivity to polyvinyl alcohol (PVA) film and metal.
[0064] In the optical anisotropic film of the present invention, it is preferable to introduce a functional group such as
an ester group or acetyl group to the norbornene-based monomer represented by Chemical Formula 1 to increase the
negative birefringence along the thickness direction. Other than an ester group and acetyl group, functional groups such
as an alkoxy group, an amino group, a hydroxyl group, a carbonyl group, and a halogen-containing group can be
introduced, but the functional groups are not limited to the aforementioned. As seen in Examples, the refractive index
and Rth value can be controlled by changing the kind and content of the functional group introduced to norbornene.
[0065] In general, to obtain a large Rth value, a cycloolefin having a large m of Chemical Formula 1 is introduced, the
content of polar functional groups is increased, the length of substituents is reduced by reducing the number of carbons
present in R1, R2, R3, R4, and R5, highly polar functional groups are introduced, or a cycloolefin wherein R1 or R2 is
connected with R3 or R4 to form a C6 to C24 aromatic cyclic compound is introduced.
[0066] The negative C-plate type optical anisotropic film of the present invention is prepared in film or sheet form
through solution casting, by dissolving said polycycloolefin in a solvent.
[0067] The film is prepared from a homopolymer of norbornene-based monomers containing nonpolar functional
groups, a copolymer of norbornene-based monomers containing different nonpolar functional groups, a homopolymer
of norbornene-based monomers containing polar functional groups, a copolymer of norbornene-based monomers con-
taining different polar functional groups, or a copolymer of norbornene-based monomers containing nonpolar functional
groups and norbornene-based monomers containing polar functional groups. Also, the film can be prepared from blends
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which can be composed of one or more of these polycycloolefin polymers.
[0068] For the organic solvent used in solution casting, one that offers appropriate viscosity when a polycycloolefin
has been dissolved is preferable. More preferably, the solvent is selected from the group consisting of an ether having
3 to 12 carbon atoms, a ketone having 3 to 12 carbon atoms, an ester having 3 to 12 carbon atoms, a halogenated
hydrocarbon having 1 to 6 carbon atoms, and an aromatic compound. Said ether, ketone, or ester compound may have
a ring structure. In addition, compounds having more than one ether, ketone, or ester functional groups and compounds
having a functional group and a halogen atom can be used.
[0069] For said ether having 3 to 12 carbon atoms, there are diisopropyl ether, dimethoxymethane, tetrahydrofuran,
etc. For said ester having 3 to 12 carbon atoms, there are ethyl formate, propyl formate, pentyl formate, methyl acetate,
ethyl acetate, propyl acetate, isopropyl acetate, isobutyl acetate, pentyl acetate, etc. Preferably, said halogenated hy-
drocarbon has 1 to 4 carbon atoms, and more preferably one carbon atom. A preferred examples of said halogenated
hydrocarbon is methylene chloride having a chlorine atom. For said aromatic compound, there are benzene, toluene,
chlorobenzene, etc.
[0070] In preparing a film through the solution casting method by dissolving a polycycloolefin in a solvent, it is preferable
to add 5 to 95 wt%, more preferably 10 to 60 wt%, of a polycycloolefin of the polymer weight in a solvent, and stir the
solution at room temperature. It is preferable that the viscosity of the solution is 100 to 20,000 cps, more preferably 300
to 10,000 cps. To improve mechanical strength, heat resistance, optical resistance, and maintainability of the film, such
additives as a plasticizer, an antideteriorant, a UV stabilizer, and an antistatic agent can be added.
[0071] For said plasticizer, carboxylic acid esters such as dimethyl phthalate (DMP), diethyl phthalate (DEP), dibutyl
phthalate (DBP), dioctyl phthalate (DOP), diphenyl phthalate (DPP), and diethylhexyl phthalate (DEHP), or phosphoric
acid esters such as triphenyl phosphate (TPP) and tricresyl phosphate (TCP) may be used. If too much low-molecular-
weight plasticizer is used, it may spread to the film surface and therefore reduce the durability of the film. Therefore, the
plasticizer is used in an appropriate level (e.g. 0.1 to 20 wt%). A polycycloolefin with a higher glass transition temperature
requires a larger plasticizer content.
[0072] For said antideteriorant, it is preferable to use phenolic derivatives or aromatic amines. The antideteriorant
content is determined so that optical properties, mechanical properties, and durability of the film are not affected.
[0073] Examples of phenolic antideteriorants are octadecyl-3-(4-hydroxy-3,5-di-tert-butylphenyl) propionate (Irganox
1076 of Ciba-Geigy), tetrabis[methylene-3-(3,5-di-tert-butyl-4-hydroxyphenyl) propionate methane (Irganox 1010 of Ci-
ba-Geigy), 1,3,5-trimethyl-2,4,6-tris-(3,5-di-tert-butyl-4-hydroxybenzyl) benzene (Irganox 1330 of Ciba-Geigy), and
tris-(3,5-di-tert-butyl-4-hydroxybenzyl)isoamine (Irganox 3114 of Ciba-Geigy).
[0074] Examples of aromatic amine antideteriorants are phenyl-α-naphtylamine, phenyl-β-naphtylamine, N,N’-diphe-
nyl-p-phenylenediamine, and N,N’-di-β-naphtyl-p-phenylenediamine.
[0075] The antideteriorant may be used along with such peroxide decomposers as a phosphite compound or a sulfide
compound. An example of the phosphite peroxide decomposers is tris(2,4-di-tert-butylphenyl)phosphite (Irgafos 168 of
Ciba-Geigy), and examples of sulfide peroxide decomposers are dilauryl sulfide, dilauryl thiodipropionate, distearyl
thiodipropionate, mercaptobenzothioazole, and tetramethylthiuram disulfide.
[0076] For said UV stabilizer, it is preferable to use benzophenone, salicylate, or benzotria compounds. Examples of
benzophenone UV stabilizers are 2-hydroxy-4-otoxybenzophenone and 2,2’-dihydroxy-4,4’-dioctoxy benzophenone; an
example of salicylate UV stabilizers is p-octyl phenyl salicylate; and an example of benzotria UV stabilizers is 2-(2’-
hydroxy-5’-methylphenyl) benzophenone.
[0077] For said antistatic agent, any antistatic agent miscible with the polynorbornene solution can be used. Preferably,
the antistatic agent has a surface specific resistance equal to or lower than 1010 Ω. Non-ionic, anionic, or cationic
antistatic agents can be used.
[0078] Examples of non-ionic antistatic agents are polyoxy ethylene alkyl ether, polyoxy ethylene alkyl phenol ether,
polyoxy ethylene alkyl ester, polyoxy ethylene stearyl amine, and polyoxy ethylene alkyl amine.
[0079] Examples of anionic antistatic agents are sulfuric acid ester salt, alkyl allyl sulfonate, aliphatic amide sulfonate,
and phosphoric acid ester salt.
[0080] Examples of cationic antistatic agents are aliphatic amine salt, alkyl pyridinium salt, imidazoline derivative,
betaine alkyl amino derivative, sulfuric acid ester derivative, and phosphoric acid ester derivative.
[0081] Besides the aforementioned, ionic polymer compounds, such as an anionic polymer compound disclosed in
Japan Patent Publication No. Sho 49-23828; an ionene-type compound having dissociated groups in the main chain as
disclosed in Japan Patent Publication No. Sho 55-734, Japan Patent Publication No. Sho 59-14735, and Japan Patent
Publication No. Sho 57-18175; a cationic polymer compound disclosed in Japan Patent Publication No. Sho 53-13223;
and a graft copolymer disclosed in Japan Patent Publication No. Hei 5-230161, can be used as antistatic agent.
[0082] After casting or coating the polycycloolefin solution of the present invention on a polished band, drum, or glass
plate, the solvent is dried to obtain an optical film or sheet. The solvent drying temperature is selected depending on
what solvent is used. For polished metal or glass plate, a surface temperature lower than room temperature is preferable.
After the solvent is fully dried, the formed film or sheet is peeled from the metal or glass plate.
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[0083] Such prepared optical film of the present invention is an optically anisotropic transparent film having a retardation
value (Rth) defined by Equation 1 in the range of 30 to 1000 nm.
[0084] Preferably, when the film thickness ranges from 30 to 200 mm, the Rth value ranges from 30 to 1000 nm. More
preferably, when the film thickness ranges from 50 to 120 mm, the Rth value ranges from 50 to 600 nm. Because this
film is highly transparent, at least 90% of light in the range of 400 to 800 nm is transmitted, and the phase difference
ratios at two wavelengths at a given declined angle, (R450/R550) and (R650/R550), are at most 1.05 and at least 0.95,
respectively. Therefore, it has flat wavelength dispersive characteristic. Here, R450 is the phase difference at 450 nm,
R550 is the phase difference at wavelength 550 nm, and R650 is the phase difference at 650 nm. Such a flat wavelength
dispersive characteristic can be altered by blending or introduction of functional groups into the polymer, if necessary.
In fact, the phase difference ratios at two wavelengths are (R450/R550) = 1 to 1.05, and (R650/R550) = 0.95 to 1.
[0085] Since the optical film comprising a polycycloolefin of the present invention is optically anisotropic and has very
superior adhesivity to such materials as polyvinyl alcohol (PVA), it can be attached to a PVA polarizing film, etc. Also,
when it is treated by corona discharge, glow discharge, flame, acid, alkali, UV radiation, or coating, its properties such
as transparency and anisotropy are not deteriorated.
[0086] The optical anisotropic film of the present invention has refractive indices satisfying the relationship of the
following Equation 5: 

(nx = refractive index along the slow axis, ny = refractive index along the fast axis, nz = refractive index along the thickness
direction)
[0087] Additionally, the optical anisotropic film comprising a polycycloolefin of the present invention can offer fine
image quality at a wide view angle and improve brightness during ON/OFF of the driving cell, when used for a liquid
crystal display. In particular, when the voltage is applied ON or OFF state, refractive indices of the liquid crystal layer
satisfy the relationship expressed by the following Equation 6, and thus enables optical compensation of the liquid crystal
mode liquid crystal display: 

(nx = refractive index along the slow axis, ny = refractive index along the fast axis, nz = refractive index along the thickness
direction)
[0088] Hereinafter, the present invention is described in more detail through Examples and Comparative Examples.
However, the following Examples are only for the understanding of the present invention, and the present invention is
not limited by the following Examples.

EXAMPLES

Preparation Example 1: Polymerization of norbornene carboxylic acid methyl ester

[0089] A norbornene carboxylic acid methyl ester monomer and purified toluene were added to a polymerization
reactor in a 1:1 weight ratio.
[0090] 0.01 mol% (for the monomer content) of Pd(acac)2 dissolved in toluene and 0.01 mol% (for the monomer
content) of tricyclohexylphosphine, as catalysts, and 0.02 mol% (for the monomer content) of dimethylanilinium tet-
rakis(pentafluorophenyl)borate dissolved in CH2Cl2, as a cocatalyst, were added to the reactor. Reaction was carried
out for 20 hours while stirring at 80 °C.
[0091] After the reaction was completed, the reaction mixture was added to excess ethanol to obtain a white copolymer
precipitate. The precipitate was filtered with a glass funnel, and the collected copolymer was dried in a vacuum oven for
24 hours at 65 °C to obtain a norbornene carboxylic acid methyl ester polymer (PMeNB).
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Preparation Example 2: Polymerization of norbornene carboxylic acid butyl ester

[0092] A norbornene carboxylic acid butyl ester norbornene monomer and purified toluene were added to a polymer-
ization reactor in a 1:1 weight ratio.
[0093] 0.01 mol% (for the monomer content) of Pd(acac)2 dissolved in toluene and 0.01 mol% (for the monomer
content) of tricyclohexylphosphine, as catalysts, and 0.02 mol% (for the monomer content) of dimethylanilinium tet-
rakis(pentafluorophenyl)borate dissolved in CH2Cl2, as a cocatalyst, were added to the reactor. Reaction was carried
out for 20 hours while stirring at 80 °C.
[0094] After the reaction was completed, the reaction mixture was added to excess ethanol to obtain a white copolymer
precipitate. The precipitate was filtered with a glass funnel, and the collected copolymer was dried in a vacuum oven for
24 hours at 65 °C to obtain a norbornene carboxylic acid butyl ester polymer (PBeNB).

Preparation Example 3: Copolymerization of norbornene carboxylic acid butyl ester-norbornene carboxylic acid methyl 
ester (norbornene carboxylic acid butyl ester/norbornene carboxylic acid methyl ester = 7/3)

[0095] A 3:7 molar ratio of norbornene carboxylic acid methyl ester and norbornene carboxylic acid butyl ester were
added to a polymerization reactor as monomers. Then, purified toluene was added in a 1:1 (for the total monomer
content) weight ratio.
[0096] 0.01 mol% (for the monomer content) of Pd(acac)2 dissolved in toluene and 0.01 mol% (for the monomer
content) of tricyclohexylphosphine, as catalysts, and 0.02 mol% (for the monomer content) of dimethylanilinium tet-
rakis(pentafluorophenyl)borate dissolved in CH2Cl2, as a cocatalyst, were added to the reactor. Reaction was carried
out for 20 hours while stirring at 80 °C.
[0097] After the reaction was completed, the reaction mixture was added to excess ethanol to obtain a white copolymer
precipitate. The precipitate was filtered with a glass funnel, and the collected copolymer was dried in a vacuum oven for
24 hours at 65 °C to obtain a norbornene carboxylic acid butyl ester/norbornene carboxylic acid methyl ester (7:3)
copolymer (PBe-7-Me-3-NB).

Preparation Example 4: Copolymerization of norbornene carboxylic acid butyl ester-norbornene carboxylic acid methyl 
ester (norbornene carboxylic acid butyl ester/norbornene carboxylic acid methyl ester = 5/5)

[0098] A 5:5 molar ratio of norbornene carboxylic acid methyl ester and norbornene carboxylic acid butyl ester were
added to a polymerization reactor as monomers. Then, purified toluene was added in a 1:1 (for the total monomer
content) weight ratio.
[0099] 0.01 mol% (for the monomer content) of Pd(acac)2 dissolved in toluene and 0.01 mol% (for the monomer
content) of tricyclohexylphosphine, as catalysts, and 0.02 mol% (for the monomer content) of dimethylanilinium tet-
rakis(pentafluorophenyl)borate dissolved in CH2Cl2, as a cocatalyst, were added to the reactor. Reaction was carried
out for 20 hours while stirring at 80 °C.
[0100] After the reaction was completed, the reaction mixture was added to excess ethanol to obtain a white copolymer
precipitate. The precipitate was filtered with a glass funnel, and the collected copolymer was dried in a vacuum oven for
24 hours at 65 °C to obtain a norbornene carboxylic acid methyl ester/norbornene carboxylic acid butyl ester (5:5)
copolymer (PBe-5-Me-5-NB).

Preparation Example 5: Copolymerization of norbornene carboxylic acid butyl ester-norbornene carboxylic acid methyl 
ester (norbornene carboxylic acid butyl ester/norbornene carboxylic acid methyl ester = 3/7)

[0101] A 3:7 molar ratio of norbornene carboxylic acid butyl ester and norbornene carboxylic acid methyl ester were
added to a polymerization reactor as monomers. Then, purified toluene was added in a 1:1 (for the total monomer
content) weight ratio.
[0102] 0.01 mol% (for the monomer content) of Pd(acac)2 dissolved in toluene and 0.01 mol% (for the monomer
content) of tricyclohexylphosphine, as catalysts, and 0.02 mol% (for the monomer content) of dimethylanilinium tet-
rakis(pentafluorophenyl)borate dissolved in CH2Cl2, as a cocatalyst, were added to the reactor. Reaction was carried
out for 20 hours while stirring at 80 °C.
[0103] After the reaction was completed, the reaction mixture was added to excess ethanol to obtain a white copolymer
precipitate. The precipitate was filtered with a glass funnel, and the collected copolymer was dried in a vacuum oven for
24 hours at 65 °C to obtain a norbornene carboxylic acid butyl ester/norbornene carboxylic acid methyl ester (3:7)
copolymer (PBe-3-Me-7-NB).
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Preparation Example 6: Copolymerization of norbornene carboxylic acid methyl ester-butyl norbornene (norbornene 
carboxylic acid methyl ester/butyl norbornene = 3/7

[0104] A 3:7 molar ratio of norbornene carboxylic acid methyl ester and butyl norbornene were added to a polymerization
reactor as monomers. Then, purified toluene was added in a 1:1 (for the total monomer content) weight ratio.
[0105] 0.01 mol% (for the monomer content) of Pd(acac)2 dissolved in toluene and 0.01 mol% (for the monomer
content) of tricyclohexylphosphine, as catalysts, and 0.02 mol% (for the monomer content) of dimethylanilinium tet-
rakis(pentafluorophenyl)borate dissolved in CH2Cl2, as a cocatalyst, were added to the reactor. Reaction was carried
out for 20 hours while stirring at 90 °C.
[0106] After the reaction was completed, the reaction mixture was added to excess ethanol to obtain a white copolymer
precipitate. The precipitate was filtered with a glass funnel, and the collected copolymer was dried in a vacuum oven for
24 hours at 65 °C to obtain a norbornene carboxylic acid methyl ester/butyl norbornene (3:7) copolymer (PBu-7-Me-3-NB).

Preparation Example 7: Copolymerization of norbornene carboxylic acid methyl ester-butyl norbornene (norbornene 
carboxylic acid methyl ester/butyl norbornene = 5/5)

[0107] A 5:5 molar ratio of norbornene carboxylic acid methyl ester and butyl norbornene were added to a polymerization
reactor as monomers. Then, purified toluene was added in a 1:1 (for the total monomer content) weight ratio.
[0108] 0.01 mol% (for the monomer content) of Pd(acac)2 dissolved in toluene and 0.01 mol% (for the monomer
content) of tricyclohexylphosphine, as catalysts, and 0.02 mol% (for the monomer content) of dimethylanilinium tet-
rakis(pentafluorophenyl)borate dissolved in CH2Cl2, as a cocatalyst, were added to the reactor. Reaction was carried
out for 18 hours while stirring at 90 °C.
[0109] After the reaction was completed, the reaction mixture was added to excess ethanol to obtain a white copolymer
precipitate. The precipitate was filtered with a glass funnel, and the collected copolymer was dried in a vacuum oven for
24 hours at 65 °C to obtain a norbornene carboxylic acid methyl ester/butyl norbornene (5:5) copolymer (PBu-5-Me-5-NB).

Preparation Example 8: Copolymerization of norbornene carboxylic acid methyl ester-butyl norbornene (norbornene 
carboxylic acid methyl ester/butyl norbornene = 7/3)

[0110] A 7:3 molar ratio of norbornene carboxylic acid methyl ester and butyl norbornene were added to a polymerization
reactor as monomers. Then, purified toluene was added in a 1:1 (for the total monomer content) weight ratio.
[0111] 0.01 mol% (for the monomer content) of Pd(acac)2 dissolved in toluene and 0.01 mol% (for the monomer
content) of tricyclohexylphosphine, as catalysts, and 0.02 mol% (for the monomer content) of dimethylanilinium tet-
rakis(pentafluorophenyl)borate dissolved in CH2Cl2, as a cocatalyst, were added to the reactor. Reaction was carried
out for 20 hours while stirring at 90 °C.
[0112] After the reaction was completed, the reaction mixture was added to excess ethanol to obtain a white copolymer
precipitate. The precipitate was filtered with a glass funnel, and the collected copolymer was dried in a vacuum oven for
24 hours at 65 °C to obtain a norbornene carboxylic acid methyl ester/butyl norbornene (7:3) copolymer (PBu-3-Me-7-NB).

Preparation Example 9: Polymerization of butyl norbornene

[0113] A butyl norbornene monomer and purified toluene were added to a polymerization reactor in a 1:1 weight ratio.
[0114] 0.025 mol% (for the monomer content) of Ni(ethylhexanoate) dissolved in methylene chloride, as a catalyst,
and 0.225 mol% (for the monomer content) of tris(pentafluorophenyl)boron and 0.25 mol% (for the monomer content)
of triethylaluminum dissolved in toluene, as cocatalysts, were added to the reactor. Reaction was carried out for 20 hours
while stirring at room temperature.
[0115] After the reaction was completed, the reaction mixture was added to a methylene chloride solution after dis-
solving a small amount of hydroxyquinoline therein. After stirring for 18 hours, the solution was added to excess ethanol
to obtain a white copolymer precipitate. The precipitate was filtered with a glass funnel, and the collected copolymer
was dried in a vacuum oven for 24 hours at 80 °C to obtain a butyl norbornene polymer (PBuNB).

Preparation Example 10: Polymerization of octyl norbornene-norbornene copolymer (octyl norbornene/norbornene = 8/2)

[0116] An 8:2 molar ratio of octyl norbornene and norbornene were added to a polymerization reactor as monomers.
Then, purified toluene was added in a 1:1 (for the total monomer content) weight ratio.
[0117] 0.025 mol% (for the monomer content) of Ni(ethylhexanoate) dissolved in toluene, as a catalyst, and 0.225
mol% (for the monomer content) of tris(pentafluorophenyl)boron and 0.25 mol% (for the monomer content) of triethyla-
luminum dissolved in toluene, as cocatalysts, were added to the reactor. Reaction was carried out for 20 hours while
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stirring at room temperature.
[0118] After the reaction was completed, the reaction mixture was added to a methylene chloride solution after dis-
solving a small amount of hydroxyquinoline therein. After stirring for 12 hours, the solution was added to excess ethanol
to obtain a white copolymer precipitate. The precipitate was filtered with a glass funnel, and the collected copolymer
was dried in a vacuum oven for 24 hours at 80 °C to obtain a octylnorbornene/norbornene (8:2) copolymer (POc-8-NB-2).

Preparation Example 11: Polymerization of decyl norbornene-norbornene copolymer (decyl norbornene/norbornene = 
7:3)

[0119] A 7:3 molar ratio of decyl norbornene and norbornene were added to a polymerization reactor as monomers.
Then, purified toluene was added in a 1:1 (for the total monomer content) weight ratio.
[0120] 0.025 mol% (for the monomer content) of Ni(ethylhexanoate) dissolved in toluene, as a catalyst, and 0.225
mol% (for the monomer content) of tris(pentafluorophenyl)boron and 0.25 mol% (for the monomer content) of triethyla-
luminum dissolved in toluene, as cocatalysts, were added to the reactor. Reaction was carried out for 17 hours while
stirring at room temperature.
[0121] After the reaction was completed, the reaction mixture was added to a methylene chloride solution after dis-
solving a small amount of hydroxyquinoline therein. After stirring for 12 hours, the solution was added to excess ethanol
to obtain a white copolymer precipitate. The precipitate was filtered with a glass funnel, and the collected copolymer
was dried in a vacuum oven for 24 hours at 80 °C to obtain a decylnorbornene/norbornene (7:3) copolymer (PDe-7-NB-3).

Preparation Example 12: Polymerization of triethoxy silyl norbornene

[0122] A triethoxy silyl norbornene monomer and purified toluene were added to a polymerization reactor in a 1:1
weight ratio.
[0123] 0.02 mol% (for the monomer content) of Ni(ethylhexanoate) dissolved in toluene, as a catalyst, and 0.18 mol%
(for the monomer content) of tris(pentafluorophenyl)boron and 0.2 mol% (for the monomer content) of triethylaluminum
dissolved in toluene, as cocatalysts, were added to the reactor. Reaction was carried out for 18 hours while stirring at
room temperature.
[0124] After the reaction was completed, the reaction mixture was added to a methylene chloride solution after dis-
solving a small amount of hydroxyquinoline therein. After stirring for 12 hours, the solution was added to excess ethanol
to obtain a white copolymer precipitate. The precipitate was filtered with a glass funnel, and the collected copolymer
was dried in a vacuum oven for 24 hours at 70 °C to obtain a triethoxy silyl norbornene polymer (PTesNB).

Preparation Example 13: Polymerization of acetate norbornene

[0125] An acetate norbornene monomer and purified toluene were added to a polymerization reactor in a 1:1 weight
ratio.
[0126] 0.03 mol% (for the monomer content) of Pd(acac)2 and 0.03 mol% (for the monomer content) of tricyclohexy-
lphosphine dissolved in toluene, as catalysts, and 0.06 mol% (for the monomer content) of dimethylanilinium tetrakis(pen-
tafluorophenyl)borate dissolved in CH2Cl2, as a cocatalyst, were added to the reactor. Reaction was carried out for 17
hours while stirring at 80 °C.
[0127] After the reaction was completed, the reaction mixture was added to excess ethanol to obtain a white copolymer
precipitate. The precipitate was filtered with a glass funnel, and the collected copolymer was dried in a vacuum oven for
24 hours at 80 °C to a obtain norbornene acetate polymer (PAcNB).

Examples 1 to 14

(Preparation of film)

[0128] Each polymer obtained in Preparation Examples 1 to 13 was prepared into a solution having compositions of
Table 1 below. Each coating solution was cast on a glass plate using a knife coater or a bar coater. The glass plate was
dried at room temperature for 1 hour, and then under nitrogen at 100 °C for 18 hours. After keeping at -10 °C for 10
seconds, a film formed on the glass plate was peeled with a knife to obtain a transparent film with a thickness deviation
being below 2%. Thickness and optical transmittivity at 400 to 800 nm of each film are also shown in Table 1.
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[0129] In Table 1, TPP stands for phosphoric acid ester of triphenyl phosphate; THF stands for tetrahydrofuran; and
MC stands for methylenechloride.

(Optical anisotropy measurement)

[0130] The refractive index (n) of each transparent film of Examples 1 to 14 was measured using an Abbe refractometer,
and the in-plane phase difference value (Re) was measured with an automatic birefringence meter (KOBRA-21 ADH;
Wang Ja). The phase difference value (Rθ) was measured when the angle between the incident light and the film surface
was 50°, and the phase difference (Rth) along the film thickness direction and in-plane x-axis was calculated by the
following Equation 3: 

Table 1

Classification

Film solution composition (parts by weight) Physical properties

Polymer Additives Solvent
Thickness 

(mm)

Optical 
transmittivity 

(%)

Example 1
PMeNB (Preparation Example 

1), 100
- THF, 560 114 92

Example 2
PBeNB (Preparation Example 

2), 100
-

MC, 360; 
Toluene, 200

120 92

Example 3
PBe-7-Me-3-NB (Preparation 

Example 3), 100
- Toluene 560 103 91

Example 4
PBe-7-Me-3-NB (Preparation 

Example 3), 100
TPP, 5; Irganox 

1,010, 0.3
MC, 360; 

Toluene, 200
105 91

Example 5
PBe-5-Me-5-NB (Preparation 

Example 4), 100
- Toluene, 560 110 92

Example 6
PBe-3-Me-7-NB (Preparation 

Example 5), 100
- Toluene, 480 97 91

Example 7
PBu-7-Me-3-NB (Preparation 

Example 6), 100
- Toluene, 560 98 92

Example 8
PBu-5-Me-5-NB (Preparation 

Example 7), 100
- Toluene, 560 105 92

Example 9
PBu-3-Me-7-NB (Preparation 

Example 8), 100
- Toluene, 730 101 91

Example 10
PBuNB (Preparation Example 

9), 100
- Toluene, 400 99 91

Example 11
POc-8-NB-2 (Preparation 

Example 10), 100
- Toluene, 400 105 91

Example 12
PDe-7-NB-3 (Preparation 

Example 11), 100
- Toluene, 400 107 91

Example 13
PtesNB (Preparation Example 

12), 100
- Toluene, 350 106 92

Example 14
PacNB (Preparation Example 

13), 100
-

THF, 500; 
Toluene, 300

95 91
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[0131] The refractive index difference [(nx-ny) and (ny-nz)] was calculated by dividing Re and Rth by film thickness.
The refractive index difference, Rθ, and Rth values of each transparent film are shown in the following Table 2.

[0132] When Rθ was measured after putting the films on a triacetate cellulose film (ny > nz), Rθ values of all cycloolefin
films increased. This shows that the Rth of cycloolefin films results from negative birefringence along the thickness
direction (ny > nz).

Examples 15 to 18

[0133] To identify the effect of drying condition on the Rth value, films were prepared under a variety of drying conditions
as shown in Table 3 below. Drying conditions were at 100 °C for 18 hours while: injecting nitrogen gas at 10 mg/min
into drying oven; drying under vacuum; and drying in the air. Other film preparation conditions were the same as in
Examples 3 and 5. The Rth measurement result showed that the drying condition does not substantially affect the Rth value.

Table 2

Classification Polymer
n (refractive 

index)
(nX-ny) x 

103 Rth (nm/mm)
(ny-nz) x 

103

Example 1 PMeNB (Preparation Example 1) 1.52 0.008 5.78 5.78

Example 2 PbeNB (Preparation Example 2) 1.50 0.009 2.13 2.13

Example 3
PBe-7-Me-3-NB (Preparation 

Example 3)
1.51 0.012 3.29 3.29

Example 4
PBe-7-Me-3-NB (Preparation 

Example 3)
1.51 0.014 2.79 2.79

Example 5
PBe-5-Me-5-NB (Preparation 

Example 4)
1.51 0.013 3.59 3.59

Example 6
PBe-3-Me-7-NB (Preparation 

Example 5)
1.52 0.020 4.35 4.35

Classification Polymer
n (refractive 

index)
(nx-ny) x 

103 Rth (nm/mm)
(ny-nz) x 

103

Example 7
PBu-7-Me-3-NB (Preparation 

Example 6)
1.52 0.015 3.63 3.63

Example 8
PBu-5-Me-5-NB (Preparation 

Example 7)
1.51 0.007 3.98 3.98

Example 9
PBu-3-Me-7-NB (Preparation 

Example 8)
1.51 0.009 4.25 4.25

Example 10 PbuNB (Preparation Example 9) 1.50 0.008 1.44 1.44

Example 11
POc-8-NB-2 (Preparation Example 

10)
1.50 0.013 1.28 1.28

Example 12
PDe-7-NB-3 (Preparation Example 

11)
1.50 0.019 0.79 0.79

Example 13 PtesNB (Preparation Example 12) 1.52 0.008 1.47 1.47

Example 14 PacNB (Preparation Example 13) 1.52 0.015 5.46 5.46
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Example 19: Wavelength dispersive characteristic of phase difference

[0134] The in-plane phase difference value (Re) was measured with an automatic birefringence meter (KOBRA-21
ADH; Wang Ja). The phase difference value (Rθ) was measured when the angle between the incident light and the film
surface was 50°, and the phase difference (Rth) along the film thickness direction and in-plane x-axis was calculated by
the aforementioned Equation 3.
[0135] For each transparent film prepared in Examples 2 to 13, Rθ values for different wavelengths (λ = 479.4 nm,
548 nm, 629 nm, 747.7 nm) were measured at an incident angle of 50° using an automatic birefringence meter (KOBRA-
21 ADH; Wang Ja). The ratio to the Rθ value at standard wavelength (λ0 = 550 nm), R50(λ)/R50(λ0), was calculated. The
results are shown in Table 4 below.

Table 3

Classification Polymer
Drying 
method

Pre-drying Post-drying
Rth 

(nm/mm)

Example 15
PBe-5-Me-5-NB (Preparation 

Example 4)
Vacuum

Room 
temperature, 1 

hour

100 °C, 18 
hours

3.56

Example 16
PBe-5-Me-5-NB (Preparation 

Example 4)
Nitrogen 

flow

Room 
temperature, 1 

hour

100 °C, 18 
hours

3.58

Example 17
PBe-7-Me-3-NB (Preparation 

Example 3)
Vacuum

Room 
temperature, 1 

hour

100 °C, 18 
hours

3.33

Example 18 PBe-7-Me-3-NB (Preparation Air
Room 

temperature,
100 °C, 18 

hours
3.31

Example 3) 1 hour

Table 4

Classification Polymer
R50(479.4)/ 

R50(λ0)
R50(548)/ 
R50(λ0)

R50(629)/ 
R50(λ0)

R50(747.7)/ 
R50(λ0)

Example 2
PbeNB (Preparation Example 

2)
1.007 1.000 0.998 0.987

Example 3
PBe-7-Me-3-NB (Preparation 

Example 3)
1.007 1.000 1.000 0.983

Example 4 PBe-7-Me-3-NB 1.010 1.000 0.997 0.965

Classification Polymer
R50(479.4)/ 

R50(λ0)
R50(548)/ 
R50(/λ0)

R50(629)/ 
R50(λ0)

R50(747.7)/ 
R50(λ0)

(Preparation Example 3)

Example 5
PBe-5-Me-5-NB (Preparation 

Example 4)
1.008 1.000 1.000 0.992

Example 6
PBe-3-Me-7-NB (Preparation 

Example 5)
1.007 1.000 0.997 0.968

Example 7
PBu-7-Me-3-NB (Preparation 

Example 6)
1.010 1.000 0.993 0.983

Example 8
PBu-5-Me-5-NB (Preparation 

Example 7)
1.005 1.000 0.997 0.972

Example 9
PBu-3-Me-7-NB (Preparation 

Example 8)
1.008 1.000 0.998 0.975
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Example 18: Water absorptivity

[0136] Three specimens of triacetate cellulose film (thickness = 80 mm) and PBeNB film of Example 2 (thickness =
120 mm), each measuring 5 x 5 cm, were prepared. Each specimen was immersed in water at room temperature. After
24 hours and 120 hours, the specimens were taken out. Water on the specimen surface was wiped and the weight
difference was measured. The results are shown in Table 5 below.

Example 19: Effect of additives on heat resistance

[0137] The polybutyl ester-methyl ester (7:3) copolymer film of Example 3 and the film of Example 4, which further
comprises 5 wt% of triphenyl phosphate and 0.3 wt% of Irganox 1010 as additives, were kept at 150 °C for 3 hours, and
then optical transmittivity was measured.
[0138] The polybutyl ester-methyl ester (7:3) copolymer film of Example 3 showed an optical transmittivity of 89% in
the range from 400 to 800 nm. The polybutyl ester-methyl ester film of Example 4 showed an optical transmittivity of 91
%. There was no significant difference in mechanical properties.

Example 20: Surface treatment and lamination with PVA polarizing film

[0139] For the polybutyl ester norbornene film of Example 2, contact angle was measured to calculate surface tension
from the following Equations 7 and 8 (Wu, S. J. Polym. Sci. C Vol 34, p19, 1971): 

[0140] In Equations 7 and 8,
γS is surface tension of the film, γLV is surface tension of the liquid, γSL is interfacial tension of the film and liquid, θ is the
contact angle, γd is the dispersion term of surface tension, and γp is the polar term of surface tension.

(continued)

Classification Polymer
R50(479.4)/ 

R50(λ0)
R50(548)/ 
R50(/λ0)

R50(629)/ 
R50(λ0)

R50(747.7)/ 
R50(λ0)

Example 10
PbuNB (Preparation Example 

9)
1.014 1.000 1.000 0.970

Example 11
POc-8-NB-2 (Preparation 

Example 10)
1.004 1.000 0.981 0.967

Example 12
PDe-7-NB-3 (Preparation 

Example 11)
1.014 1.001 0.986 0.980

Example 13
PtesNB (Preparation Example 

12)
1.017 1.000 0.974 0.969

Table 5

Classification Water absorptivity of PBeNB (%) Water absorptivity of TAC (%)

After 24 hours 0.17 6 0.02 1.23 6 0.12

After 120 hours 0.17 6 0.02 1.23 6 0.12
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[0141] When water (γd = 44.1, γp = 6.7 mN/m) was used the contact angle was 74.3°, and when diiodomethane (γd =
22.1, γp = 50.7 mN/m) was used it was 33.5°. From these values, the surface tension was calculated to be 49.5 mN/m.
[0142] The polybutyl ester norbornene film was corona treated at 6 m/min of line speed 3 times, and the contact angle
was measured again. The contact angle was 20.7° for water and 22° for diiodomethane. The surface tension was
calculated to be 76.9 mN/m.
[0143] Within 30 minutes of corona treatment, the film was roll-laminated on a sufficiently dried PVA (polyvinylalcohol)
polarizing film using a 10 wt% PVA aqueous solution, and dried for 10 minutes at 80 °C. The PVA polarizing film had
superior adhesivity.
[0144] The negative C-plate type optical anisotropic film comprising a polycycloolefin of the present invention can be
used for optical compensation films of a variety of LCD (liquid crystal display) modes because the refractive index along
the thickness direction can be controlled by the kind and amount of functional groups.
[0145] While the present invention has been described in detail with reference to the preferred embodiments, those
skilled in the art will appreciate that various modifications and substitutions can be made thereto without departing from
the spirit and scope of the present invention as set forth in the appended claims.

Claims

1. A negative C-plate type optical anisotropic film comprising a norbornene-based polycycloolefin, which is:

i) a homopolymer of compounds represented by the following Chemical Formula 1; or
ii) a copolymer of two or more different compounds represented by the following Chemical Formula 1,

wherein the film has a retardation value (Rth), defined by the following Equation 1, of 30 to 1000 nm when the film
thickness is 30 to 200 mm, and
the film is a solution casting film comprising the norbornene-based polycycloolefin:

wherein

m is an integer from 0 to 4;
R1, R2, R3, and R4 are, independently or simultaneously, hydrogen; a halogen; a C1 to C20 linear or branched
alkyl, alkenyl, or vinyl; a C4 to C12 cycloalkyl substituted by a hydrocarbon or unsubstituted; a C6 to C40 aryl
substituted by a hydrocarbon or unsubstituted; a C7 to C15 aralkyl substituted by a hydrocarbon or unsubstituted;
a C3 to C20 alkynyl; a C1 to C20 linear or branched haloalkyl, haloalkenyl or halovinyl; a C5 to C12 halocycloalkyl
substituted by a hydrocarbon or unsubstituted; a C6 to C40 haloaryl substituted by a hydrocarbon or unsubstituted;
a C7 to C15 haloaralkyl substituted by a hydrocarbon or unsubstituted; a C3 to C20 haloalkynyl; or a non-
hydrocarbonaceous polar group containing at least one of oxygen, nitrogen, phosphorus, sulfur, silicon, or
boron; and
if R1, R2, R3, and R4 are not hydrogen, a halogen, or a polar functional group, R1 and R2, or R3 and R4 may be
connected to each other to form a C1 to C10 alkylidene group, or R1 or R2 may be connected with R3 or R4 to
form a C4 to C12 saturated or unsaturated cyclic group, or a C6 to C24 aromatic cyclic compound, 

Wherein



EP 1 563 001 B1

21

5

10

15

20

25

30

35

40

45

50

55

ny is the in-plane refractive index along the transverse direction or along the fast axis measured at a
wavelength of 550 nm;
nz is the refractive index along the thickness direction measured at a wavelength of 550 nm; and
d is the film thickness.

2. The optical anisotropic film according to Claim 1, wherein said non-hydrocarbonaceous polar group of Chemical
Formula 1 is selected from the group consisting of: -C(O)OR6, -R5C(O)OR6, -OR6, -OC(O)OR6, -R5OC(O)OR6,
-C(O)R6, -R5C(O)R6, - OC(O)R6, -R5OC(O)R6, -(R5O)p-OR6, -(OR5)p-OR6, -C(O)-O-C(O)R6, -R5C(O)-O-C(O)R6,
-SR6, -R5SR6, -SSR6, -R5SSR6, -S(=O)R6, -R5S(=O)R6, -R5C(=S)R6, - R5C(=S)SR6, -R5SO3R6, -SO3R6,
-R5N=C=S, -NCO, R5-NCO, -CN, -R5CN, - NNC(=S)R6, -R5NNC(=S)R6, -NO2, -R5NO2,
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wherein

each R5 is a C1 to C20 linear or branched alkyl, haloalkyl, alkenyl, haloalkenyl, vinyl, or halovinyl; a C4 to C12
cycloalkyl or halocycloalkyl substituted by a hydrocarbon or unsubstituted; a C6 to C40 aryl or haloaryl substituted
by a hydrocarbon or unsubstituted; a C7 to C15 aralkyl or haloaralkyl substituted by a hydrocarbon or unsubsti-
tuted; or a C3 to C20 alkynyl or haloalkynyl;
each of R6, R7, and R8 is hydrogen, a halogen, a C1 to C20 linear or branched alkyl, haloalkyl, alkenyl, haloalkenyl,
vinyl, halovinyl, alkoxy, haloalkoxy, carbonyloxy, or halocarbonyloxy; a C4 to C12 cycloalkyl or halocycloalkyl
substituted by a hydrocarbon or unsubstituted; a C6 to C40 aryl, haloaryl, aryloxy or haloaryloxy substituted by
a hydrocarbon or unsubstituted; a C7 to C15 aralkyl or haloaralkyl; or a C3 to C20 alkynyl or haloalkynyl substituted
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by a hydrocarbon or unsubstituted; and
p is an integer from 1 to 10.

3. The optical anisotropic film according to claim 1, wherein said polycycloolefin is an olefinic addition polymer having
nonpolar functional groups.

4. The optical anisotropic film according to claim 1, wherein said polycycloolefin is an olefinic addition polymer having
polar functional groups.

5. The optical anisotropic film according to claim 1, wherein said polycycloolefin is a homopolymer of norbornene-
based monomers having polar functional groups or a copolymer of norbornene-based monomers having different
polar functional groups.

6. The optical anisotropic film according to claim 1, wherein said polycycloolefin is a copolymer of norbornene-based
monomers having nonpolar functional groups and norbornene-based monomers having polar functional groups.

7. The optical anisotropic film according to claim 1, wherein said film comprises blends composed of one or more
addition polymerized polycycloolefin polymers.

8. The optical anisotropic film according to claim 1, wherein said polycycloolefin is prepared by addition polymerization
of norbornene-based monomers in the presence of a group 10 transition metal catalyst.

9. The optical anisotropic film according to claim 1, wherein said polycycloolefin is prepared by a method comprising
a step of contacting norbornene-based monomers having polar functional groups with a catalyst system comprising:

i) a group 10 transition metal compound, as a catalyst;
ii) an organic compound comprising a neutral group 15 electron donor ligand having lone pair electrons and
thus capable of acting as an electron donor, as a cocatalyst; and
iii) a salt comprising a group 13 element capable of offering an anion which can be weakly coordinated to said
transition metal, as a cocatalyst.

10. The optical anisotropic film comprising a polycycloolefin having ester groups or acetyl groups according to claim 1,
wherein said polycycloolefin is prepared by a method comprising a step of contacting norbornene-based monomers
having ester groups or acetyl groups with a catalyst system comprising:

i) a group 10 transition metal compound;
ii) a compound comprising a neutral group 15 electron donor ligand, a cone angle of which is at least 160°; and
iii) a salt capable of offering an anion which can be weakly coordinated to said transition metal of i).

11. The optical anisotropic film according to claim 1, which is surface treated by one or more surface treatment methods
selected from the group consisting of corona discharge, glow discharge, flame, acid, alkali, UV radiation, and coating.

12. A liquid crystal display comprising the optical anisotropic film of claim 1.

13. The liquid crystal display according to claim 12, wherein refractive indices of the liquid crystal layer satisfy the
following Equation 6 when the voltage is applied ON or OFF state: 

wherein n x=in-plane refractive index along the slow axis; n y=refractive index along the fast axis; and n z=refractive
index along the thickness direction.
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Patentansprüche

1. Optischer anisotroper Film des Negativ-C-Platten-Typs, umfassend ein Polycycloolefin auf Norbornen-Basis, bei
dem es sich um Folgendes handelt:

i) ein Homopolymer aus Verbindungen, dargestellt durch die folgende chemische Formel 1; oder
ii) ein Copolymer aus zwei oder mehr unterschiedlichen Verbindungen, dargestellt durch die folgende Chemische
Formel 1,

wobei der Film einen durch die folgende Gleichung 1 definierten Verzögerungswert (Rth) von 38 bis 1000 nm aufweist,
wenn die Filmdicke 30 bis 200 mM beträgt, und
wobei der Film ein Lösungsgießfilm ist, der das Polycycloolefin auf Norbornen-Basis,

umfasst,
wobei

m eine Ganzzahl von 0 bis 4 ist;
R1, R2, R3 und R4 unabhängig voneinander oder gleichzeitig Folgendes sind: Wasserstoff; ein Halogen; ein
lineares oder verzweigtes C1- bis C20-Alkyl, Alkenyl oder Vinyl; ein durch einen Kohlenwasserstoff substituiertes
oder unsubstituiertes C4- bis C12-Cycloalkyl; ein durch einen Kohlenwasserstoff substituiertes oder unsubsti-
tuiertes C6- bis C40-Aryl; ein durch einen Kohlenwasserstoff substituiertes oder unsubstituiertes C7- bis C15-Aral-
kyl; ein C3- bis C20-Alkynyl; ein lineares oder verzweigtes C1- bis C20-Haloalkyl, Haloalkenyl oder Halovinyl;
ein durch einen Kohlenwasserstoff substituiertes oder unsubstituiertes C5- bis C12-Halocycloalkyl; ein durch
einen Kohlenwasserstoff substituiertes oder unsubstituiertes C6- bis C40-Haloaryl; ein durch einen Kohlenwas-
serstoff substituiertes oder unsubstituiertes C7- bis C15-Haloaralkyl; ein C3- bis C20-Haloalkynyl; oder eine nicht-
kohlenwasserstoffhaltige polare Gruppe, die wenigstens eines aus Sauerstoff, Stickstoff, Phosphor, Schwefel,
Silicium oder Bor enthält; und
wenn R1, R2, R3 und R4 nicht Wasserstoff, ein Halogen oder eine polare funktionelle Gruppe sind, R1 und R2
oder R3 und R4 miteinander verbunden sein können, um eine C1- bis C10-Alkylidengruppe zu bilden, oder R1
oder R2 mit R3 oder R4 verbunden sein können, um eine gesättigte oder ungesättigte cyclische C4- bis C12-Grup-
pe oder eine aromatische cyclische C6-bis C24-Verbindung zu bilden,

wobei

ny der ebeneninterne Brechungsindex entlang der Querrichtung oder entlang der schnellen Achse, gemessen
bei einer Wellenlänge von 550 nm, ist;
nz der Brechungsindex entlang der Dickenrichtung, gemessen bei einer Wellenlänge von 550 nm, ist; und
d die Filmdicke ist.

2. optischer anisotroper Film nach Anspruch 1, wobei die nicht-kohlenwasserstoffhaltige polare Gruppe mit der che-
mischen Formel 1 aus der Gruppe ausgewählt ist, die aus Folgendem besteht: -C(O)OR6, -R5C(O)OR6, -OR6,
-OC(O)OR6, -R5OC(O)OR6, -C(O)R6, -R5C(O)R6,-OC(O)R6, -R5OC(O)R6, -(H5O)p-OR6), -(OR5)p-OR6, -C(O)-O-
C(O)R6, -R5C(O)-O-C(O)R6, -SR6, -R5SR6, -SSR6, -R5SSR6, -S(=O)R6, -R5S(=O)R6, -R5C(=S)R6,-R5C(=S)SR6,
-R5SO3R6, -SO3R6, -R5N=C=S, -NCO, R5-NCO, -CN, -R5CN,-NNC(=S)R6, -R5NNC(=S)R6, -NO2, -R5NO2,
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wobei

jedes R6 Folgendes ist: ein lineares oder verzweigtes C1- bis C20-Alkyl, Haloalkyl, Alkenyl, Haloalkenyl, Vinyl
oder Halovinyl; ein durch einen Kohlenwasserstoff substituiertes oder unsubstituiertes C4- bis C12-Cycloalkyl
oder Halocycloalkyl; ein durch einen Kohlenwasserstoff substituiertes oder unsubstituiertes C6- bis C40-Aryl
oder Haloaryl; ein durch einen Kohlenwasserstoff substituiertes oder unsubstituiertes C7- bis C15-Aralkyl oder
Haloaralkyl; oder ein C3- bis C20-Alkynyl oder Haloalkynyl;
wobei jedes von R6, R7 und R8 Folgendes ist: Wasserstoff, ein Halogen, ein lineares oder verzweigtes C1- bis
C20-Alkyl, Haloalkyl, Alkenyl, Haloalkenyl, Vinyl, Halovinyl, Alkoxy, Haloalkoxy, Carbonyloxy oder Halocarbo-
nyloxy; ein durch einen Kohlenwasserstoff substituiertes oder unsubstituiertes C4- bis C12-Cycloalkyl oder Ha-
locycloalkyl; ein durch einen Kohlenwasserstoff substituiertes oder unsubstituiertes C6- bis C40-Aryl, Haloaryl,
Aryloxy oder Haloaryloxy; ein C7- bis C15-Aralkyl oder Haloaralkyl; oder ein durch einen Kohlenwasserstoff
substituiertes oder unsubstituiertes C3- bis C20-Alkynyl oder Haloalkynyl; und
p eine Ganzzahl von 1 bis 10 ist.

3. Optischer anisotroper Film nach Anspruch 1, wobei das Polycycloolefin ein olefinisches Additionspolymer mit apo-
laren funktionellen Gruppen ist.

4. Optischer anisotroper Film nach Anspruch 1, wobei das Polycycloolefin ein olefinisches Additionspolymer mit polaren
funktionellen Gruppen ist.

5. Optischer anisotroper Film nach Anspruch 1, wobei das Polycycloolefin ein Homopolymer aus Monomeren auf
Norbornen-Basis mit polaren funktionellen Gruppen oder ein Copolymer aus Monomeren auf Norbornen-Basis mit
unterschiedlichen polaren funktionellen Gruppen ist.

6. Optischer anisotroper Film nach Anspruch 1, wobei das Polycycloolefin ein Copolymer aus Monomeren auf Nor-
bornen-Basis mit apolaren funktionellen Gruppen und Monomeren auf Norbornen-Basis mit polaren funktionellen
Gruppen ist.

7. Optischer anisotroper Film nach Anspruch 1, wobei der Film Mischungen umfasst, die aus einem oder mehreren
additionspolymerisierten Polycycloolefin-Polymeren zusammengesetzt sind.

8. Optischer anisotroper Film nach Anspruch 1, wobei das Polycycloolefin durch Additionspolymerisation von Mono-
meren auf Norbornen-Basis in Gegenwart eines Katalysators aus einem Gruppe-10-Übergangsmetall hergestellt
wird.

9. Optischer anisotroper Film nach Anspruch 1, wobei das Polycycloolefin durch ein Verfahren hergestellt wird, das
einen Schritt des Inkontaktbringens von polare funktionelle Gruppen aufweisenden Monomeren auf Norbornen-
Basis mit einem Katalysatorsystem umfasst, das Folgendes umfasst:

i) eine Gruppe-10-Übergangsmetallverbindung als Katalysator;
ii) eine organische Verbindung, umfassend einen neutralen Gruppe-15-Elektronendonorliganden, der freie Elek-
tronenpaare aufweist und somit imstande ist, als Elektronendonor zu fungieren, als Cokatalysator; und
iii) ein Salz, umfassend ein Gruppe-13-Element, das imstande ist, ein Anion bereitzustellen, das mit dem Über-
gangsmetall schwach koordiniert werden kann, als Cokatalysator.

10. Optischer anisotroper Film, umfassend ein Estergruppen oder Acetylgruppen aufweisendes Polycycloolefin nach
Anspruch 1, wobei das Polycycloolefin durch ein Verfahren hergestellt wird, das einen Schritt des Inkontaktbringens
von Estergruppen oder Acetylgruppen aufweisenden Monomeren auf Norbornen-Basis mit einem Katalysatorsystem
umfasst, das Folgendes umfasst:
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i) eine Gruppe-10-Übergangsmetallverbindung;
ii) eine Verbindung, umfassend einen neutralen Gruppe-15-Elektronendonorliganden, deren Kegelwinkel we-
nigstens 160° beträgt; und
iii) ein Salz, das imstande ist, ein Anion bereitzustellen, das mit dem Übergangsmetall von i) schwach koordiniert
werden kann.

11. Optischer anisotroper Film nach Anspruch 1, der mit einem oder mehreren Oberflächenbehandlungsverfahren
oberflächenbehandelt ist, die aus der Gruppe ausgewählt sind, die aus Koronaentladung, Glimmentladung, Flamm-
behandlung, Säurebehandlung, Alkalibehandlung, UV-Bestrahlung und Beschichtung besteht.

12. Flüssigkristallanzeige, umfassend den optischen anisotropen Film nach Anspruch 1.

13. Flüssigkristallanzeige nach Anspruch 12, wobei die Brechungsindices der Flüssigkristallschicht der folgenden Glei-
chung 6 genügen, wenn die Spannung im EIN- oder AUSZustand angelegt wird: 

wobei nx = ebeneninterner Brechungsindex entlang der langsamen Achse; ny = Brechungsindex entlang der schnel-
len Achse; und nz = Brechungsindex entlang der Dickenrichtung,

Revendications

1. Film anisotrope optique de type plaque C négatif comprenant une polycyclooléfine à base de norbomène, qui est :

i) un homopolymère de composés représentés par la formule chimique 1 suivante ; ou
ii) un copolymère de deux ou plusieurs composés différents représentés par la formule chimique 1 suivante,

dans lequel le film présente une valeur de retardement (Rth), définie par l’équation 1 suivante, de 30 à 1000 nm
lorsque l’épaisseur de film est de 30 à 200 mm, et
le film est un film coulé à partir d’une solution qui comprend la polycyclooléfine à base de norbornène :

où

M est un nombre entier de 0 à 4 ;
R1, R2, R3 et R4 sont, indépendamment ou simultanément, de l’hydrogène ; un halogène ; un allyle, un alcényle
ou un vinyle linéaire ou ramifié en C1 à C20 ; un cycloalkyle en C4 à C12 substitué par un hydrocarbure ou non
substitué ; un aryle en C6 à C40 substitué par un hydrocarbure ou non substitué ; un aralkyle en C7 à C15
substitué par un hydrocarbure ou non substitué ; un alcynyle en C3 à C20 ; un halogénoalkyle, un halogénoal-
cényle ou un halogénovinyle linéaire ou ramifié en C1 à C20 ; un halogénocycloalkyle en C5 à C12 substitué par
un hydrocarbure ou non substitué ; un halogénoaryle en C6 à C40 substitué par un hydrocarbure ou non
substitué ; un halogénoaralkyle en C7 à C15 substitué par un hydrocarbure ou non substitué ; un halogénoal-
cynyle en C3 à C20 ; ou un groupe polaire non hydrocarboné contenant au moins un élément parmi l’oxygène,
l’azote, le phosphore, le soufre, le silicium ou le bore ; et
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Si R1, R2, R3 et R4 ne sont pas de l’hydrogène, un halogène ou un groupe fonctionnel polaire, R1 et R2 ou R3
et R4 peuvent être reliés l’un à l’autre pour former un groupe alkylidène en C1 à C10, ou R1 ou R2 peut être relié
à R3 ou R4 pour former un groupe cyclique saturé ou insaturé en C4 à C12, ou un composé cyclique aromatique
en C6 à C24,

où

ny est l’indice de réfraction dans le plan suivant la direction transversale ou le long de l’axe rapide mesuré à
une longueur d’onde de 550 nm ;
nz est l’indice de réfraction suivant la direction de l’épaisseur mesuré à une longueur d’onde de 550 nm ; et
d est l’épaisseur du film.

2. Film optique anisotrope selon la revendication 1, dans lequel ledit groupe polaire non hydrocarboné de formule
chimique 1 est choisi dans le groupe constitué par : -C(O)OR6, -R5C(O)OR6, -OR6, -OC(O)OR6, -R5C(O)OR6,
-C(O)R6, -R5C(O)R6, -OC(O)R6, -R5OC(O)R6, -(R5O)p-OR6, -(OR5)p-OR6, -C(O)-O-C(O)R6, -R5C(O)-O-C(O)R6,
-SR6, -R5SR6, -SSR6, -R5SSR6, -S(=O)R6, -R5S(=O)R6, -R5C(=S)R6,-R5C(=S)SR6, -R5SO3R6, -SO3R6, -R5N=C=S,
-NCO, R5-NCO, -CN, -R5CN,-NNC(=S)R6, -R5NNC(=S)R6, -NO2, -R5NO2,
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où

chaque R5 est un alkyle, un halogénoalkyle, un alcényle, un halogénoalcényle, un vinyle ou un halogénovinyle
linéaire ou ramifié en C1 à C20; un cycloalkyle ou un halogénocycloalkyle en C4 à C12 substitué par un hydro-
carbure ou non substitué ; un aryle ou un halogénoaryle en C6 à C40 substitué par un hydrocarbure ou non
substitué ; un aralkyle ou un halogénoaralkyle en C7 à C15 substitué par un hydrocarbure ou non substitué ; ou
un alcynyle ou un halogénoalcynyle en C3 à C20 ;
chacun de R6, R7 et R8 est de l’hydrogène, un halogène, un alkyle, un halogénoalkyle, un alcényle, un halogé-
noalcényle, un vinyle, un halogénovinyle, un alcoxyle, un halogénoalcoxyle, un carbonyloxy ou un halogéno-
carbonyloxy linéaire ou ramifié en C1 à C20 ; un cycloalkyle ou un halogénocycloalkyle en C4 à C12 substitué
par un hydrocarbure ou non substitué ; un aryle, un halogénoaryle, un aryloxy ou un halogénoariloxy en C6 à
C40 substitué par un hydrocarbure ou non substitué ; un aralkyle ou un halogénoaralkyle en C7 à C15 ; ou un
alcynyle ou un halogénoalcynyle en C3 à C20 substitué par un hydrocarbure ou non substitué ; et
p est un nombre entier de 1 à 10.

3. Film optique anisotrope selon la revendication 1, dans lequel ladite polycyclooléfine est un polymère d’addition
oléfinique ayant des groupes fonctionnels non polaires.

4. Film optique anisotrope selon la revendication 1, dans lequel ladite polycyclooléfine est un polymère d’addition
oléfinique ayant des groupes fonctionnels polaires.

5. Film optique anisotrope selon la revendication 1, dans lequel ladite polycyclooléfine est un homopolymère de mo-
nomères à base de norbornène ayant des groupes fonctionnels polaires ou un copolymère de monomères à base
de norbornène ayant des groupes fonctionnels polaires différents.

6. Film optique anisotrope selon la revendication 1, dans lequel ladite polycyclooléfine est un copolymère de mono-
mères à base de norbornène ayant des groupes fonctionnels non polaires et de monomères à base de norbornène
ayant des groupes fonctionnels polaires.

7. Film optique anisotrope selon la revendication 1, dans lequel ledit film comprend des mélanges composés d’un ou
plusieurs polymères de polycyclooléfine polymérisés par addition.

8. Film optique anisotrope selon la revendication 1, dans lequel ladite polycyclooléfine est préparée par polymérisation
par addition de monomères à base de norbornène en présence d’un catalyseur à base de métal de transition du
groupe 10.

9. Film optique anisotrope selon la revendication 1, dans lequel ladite polycyclooléfine est préparée par un procédé
comprenant une étape de mise en contact de monomères à base de norbornène ayant des groupes fonctionnels
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polaires avec un système catalyseur comprenant :

i) un composé de métal de transition du groupe 10, en tant que catalyseur ;
ii) un composé organique comprenant un ligand donneur d’électrons du groupe 15 neutre ayant des électrons
en paires libres et étant ainsi capable d’agir comme donneur d’électrons, en tant que cocatalyseur ; et
iii) un sel comprenant un élément du groupe 13 capable d’offrir un anion qui peut être faiblement coordonné
audit métal de transition, en tant que cocatalyseur.

10. Film anisotrope optique comprenant une polycyclooléfine ayant des groupes ester ou des groupes acétyle selon la
revendication 1, dans lequel ladite polycyclooléfine est préparée par un procédé comprenant une étape de mise en
contact de monomères à base de norbornène ayant des groupes ester ou des groupes acétyle avec un système
catalyseur comprenant :

i) un composé de métal de transition du groupe 10 ;
ii) un composé comprenant un ligand donneur d’électrons du groupe 15 neutre, dont l’angle de cône est d’au
moins 160° ; et
iii) un sel capable d’offrir un anion qui peut être faiblement coordonné audit métal de transition de i).

11. Film optique anisotrope selon la revendication 1, qui est traité en surface par un ou plusieurs procédés de traitement
de surface choisis dans le groupe constitué par : décharge corona, décharge luminescente, flamme, acide, alcalin,
rayonnement UV et revêtement.

12. Afficheur à cristaux liquides comprenant le film anisotrope optique selon la revendication 1.

13. Afficheur à cristaux liquides selon la revendication 12, dans lequel les indices de réfraction de la couche de cristaux
liquides satisfont à l’équation 6 suivante lorsque la tension est appliquée à l’état ON ou OFF : 

où nx = indice de réfraction dans le plan le long de l’axe lent ; ny = indice de réfraction le long de l’axe rapide ; et nz
= indice de réfraction suivant la direction de l’épaisseur.
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