US 20110051051A1

a9y United States

12) Patent Application Publication o) Pub. No.: US 2011/0051051 A1

Han et al. 43) Pub. Date: Mar, 3, 2011
(54) ACRYLIC PRESSURE-SENSITIVE ADHESIVE (30) Foreign Application Priority Data
COMPRISING OPTICALLY ANISOTROPIC
COMPOUND, POLARIZING PLATE AND Feb.1,2008  (KR) .cooeeevenrerennnan 10-2008-0010493
LIQUID CRYSTAL DISPLAY INCLUDING Feb.1,2008 (KR) .ccooeirrinn 10-2008-00104490
THE SAME Feb.4,2008 (KR) .cccoovvvervcrnnnnne 10-2008-0011301
Publication Classification
(76) Inventors: In Cheon Han, Seoul (KR); Ki (51) Imt.ClL
Seok Jang, Daegu (KR); Min Soo GO2F 1/1335 (2006.01)
Park, Daejeon (KR); Min Jin Ko, (52) US.CL ... 349/96; 524/208; 524/155; 524/359,
Dacejeon (KR); Bum Gyu Chol, 524/369
Daejeon (KR); Ik Hwan Cho, (57) ABSTRACT

(21) Appl. No.:

(22) PCT Filed:

(86) PCT No.:

§371 (1),

(2), (4) Date:

Dacejeon (KR); Ki Youl Lee,
Daejeon (KR)

12/865,109

Feb. 2, 2009

PCT/KR09/00510

Nov. 19, 2010

Disclosed are (A) an acrylic pressure-sensitive adhesive; and
(B) an acrylic pressure-sensitive adhesive comprising an opti-
cally anisotropic compound having at least one substituent
which contains an alkyl group, alkenyl group or alkynyl
group at a meta-position of a mesogen. A polarizing plate and
aliquid crystal display using the same are also disclosed. The
optically anisotropic compound ensures excellent compat-
ibility with the adhesive and high birefringence. Thus, main
properties such as adhesion, reliability and durability in the
conditions of high temperatures or high temperatures and
high humidity are not worsened. Moreover light leakage is
prevented by efficiently controlling the birefringence caused
by shrinkage stress of the polarizing plate.
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ACRYLIC PRESSURE-SENSITIVE ADHESIVE
COMPRISING OPTICALLY ANISOTROPIC
COMPOUND, POLARIZING PLATE AND
LIQUID CRYSTAL DISPLAY INCLUDING
THE SAME

TECHNICAL FIELD

[0001] The present invention relates to an acrylic pressure-
sensitive adhesive composition comprising (A) an acrylic
copolymer and (B) an optically anisotropic compound having
one or more substituents containing one of an alkyl group, an
alkenyl group, and an alkynyl group in a meta position of
mesogen, and more particularly, to an acrylic pressure-sensi-
tive adhesive composition comprising an optically anisotro-
pic compound which has high optical anisotropy and superior
endurance reliability under a high temperature or high tem-
perature and high humidity condition due to excellent com-
patibility with a pressure-sensitive adhesive, and improves
light leakage by effectively controlling birefringence occut-
ring due to shrinkage of a polarizer, a polarizer and a liquid
crystal display (LCD) device comprising the same.

BACKGROUND ART

[0002] In preparing liquid crystal display (LCD) device,
liquid crystal cell comprising liquid crystal, and polarizer are
basically required, and suitable adhesive layer or pressure-
sensitive adhesive layer may be used for binding them. In
addition, for improving functions of LCD device, a phase
retardation plate, a compensation plate for wide view angle, a
brightness enhancing film, and the like may be used, with
additionally adhered to the polarizer.

[0003] As a main structure, LCD device generally includes
a uniformly aligned liquid crystal layer; a polarizer with a
multi-layer structure, incorporated into a pressure-sensitive
adhesive layer or an adhesive layer, based on a liquid crystal
cell consisting of a transparent glass plate or a plastic sheet
material containing a transparent electrode layer; a phase
retardation plate; an additional functional film layer; and the
like.

[0004] The polarizer may include an iodine compound or a
dichroic polarizing material aligned in a certain direction, in
this case, to protect these polarizing elements, multi-layers
may be formed on both sides using a protective film such as
triacetyl cellulose (TAC). In addition, the polarizer may addi-
tionally includea compensation film for wide view angle such
as a phase retardation film or a liquid crystal type film in a
shape having a unidirectional molecular alignment.

[0005] The aforementioned films are made of materials
having different molecular structures and compositions, and
thereby have different physical properties. In particular,
under a high temperature or high temperature and high
humidity condition, the dimensional stability according to
shrinkage or expansion of materials having a unidirectional
molecular alignment is insufficient. As a result, if the polar-
izer is fixed by a pressure-sensitive adhesive, then stress is
concentrated on a TAC layer by shrinkage or expansion of the
polarizer under a high temperature or high temperature and
high humidity condition, leading to birefringence and thus
light leakage. In this case, overall, negative birefringence
occurs due to the shrunk TAC layer.

[0006] The light leakage phenomenon can be suppressed
by preventing generation of residual stress with regulation of
a stress releasing characteristic of the pressure-sensitive
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adhesive fixed on the polarizer. This can be achieved when the
used pressure-sensitive adhesive has a non-crosslinked struc-
ture.

[0007] Traditionally, a pressure-sensitive adhesive layer
have been used in the form of a partially crosslinked vis-
coelastic material to have a good high-temperature cohesive
strength, thereby maintaining endurance reliability and
showing suitable pressure-sensitive adhesive properties.
[0008] However, such a pressure-sensitive adhesive layer
used in the form of a partially crosslinked viscoelastic mate-
rial has residual stress under given stress and high polymers in
the crosslinked structure are aligned in a particular direction,
resulting in birefringence. In this alignment, an acrylic pres-
sure-sensitive adhesive shows negative birefringence.

[0009] With a recent tendency to increase the size of LCD
panel, the size of polarizer is also increasing, whereby the
shrinkage of the polarizer is also to be increased and the
residual stress of a pressure-sensitive adhesive layer is also to
be increased under a heat resistance or moisture resistance
condition. It results in large negative birefringence and severe
light leakage. To minimize the light leakage phenomenon, it
is necessary to perform optical compensation which regulates
negative birefringence of the pressure-sensitive adhesive
resulting from the residual stress into positive birefringence.
[0010] To perform the optical compensation, it is important
to cause the pressure-sensitive adhesive to show positive bire-
fringence under the residual stress by using a compound
having high optical anisotropy and superior compatibility
with the pressure-sensitive adhesive.

[0011] As an approach to improve the light leakage phe-
nomenon, Japanese Unexamined Patent Publication No.
1998-279907 discloses a method for improving the light leak-
age phenomenon by mixing a high molecular weight acrylic
polymer and a low molecular weight acrylic polymer having
a molecular weight of less than 30,000 to provide a stress
releasing characteristic generated from a polarizer. In this
method, however, the effect of improving the light leakage
phenomenon is not satisfactory as the size of the polarizer
increases, the cutting characteristic is degraded due to low
modulus, and the endurance reliability is reduced during
long-term use.

[0012] Korean Patent Publication No. 2003-0069461 dis-
closes a technical idea in which 0.01 to 40 parts by weight of
a low molecular weight material representing positive bire-
fringence under residual stress is mixed into an acrylic pres-
sure-sensitive adhesive layer to correct negative birefrin-
gence of the acrylic pressure-sensitive adhesive layer which
represents under residual stress. However, the low molecular
weight material used herein has some problem in its compat-
ibility with the high molecular weight copolymer and thus is
likely to undergo phase separation with the high molecular
weight copolymer when being used by a large amount, and
may also have some problem in light transmission or endur-
ance.

[0013] As the above, a stress releasing function is generally
provided to a pressure-sensitive adhesive by adding a plasti-
cizer or a low molecular weight material to a high molecular
weight copolymer or by regulating a crosslinking structure,
so as to improve light leakage. However, it is difficult to
completely suppress the light leakage phenomenon merely by
stress release.

[0014] That is, since a partial-crosslinking structure has to
be introduced to pressure-sensitive adhesive for a polarizer in
order to maintain the endurance reliability of the pressure-



US 2011/0051051 Al

sensitive adhesive, the residual stress of the pressure-sensi-
tive adhesive, resulting from the crosslinking structure, can-
not be entirely removed. As a result, a traditional acrylic
pressure-sensitive adhesive layer has negative birefringence
under the residual stress, which is a major factor that makes it
difficult to improve the light leakage phenomenon, together
with negative birefringence of a TAC layer of a shrunk polar-
izer.

DISCLOSURE
Technical Problem

[0015] To solve the problems of the prior art as described
above, an object of the present invention is to provide an
acrylic pressure-sensitive adhesive composition comprising
an optically anisotropic compound, which has a superior
compatibility with an acrylic copolymer and high optical
anisotropy, and regulates the pressure-sensitive adhesive to
have positive birefringence under residual stress without any
change in major properties, such as endurance reliability,
which can be generated under a high temperature or high
temperature and high humidity condition, thereby improving
a light leakage phenomenon.

[0016] Another object of the present invention is to provide
a polarizer comprising the pressure-sensitive adhesive com-
position.

[0017] Further another object of the present invention is to
provide a liquid crystal display (LCD) device comprising the
polarizer.

Technical Solution

[0018] In order to achieve the above objects, the present
invention provides an acrylic pressure-sensitive adhesive
composition comprising (A) acrylic copolymer and (B) an
optically anisotropic compound comprising one or more sub-
stituents containing one of an alkyl group, an alkenyl group,
and an alkynyl group in a meta position of mesogen.

[0019] Thepresentinvention also provides a polarizer com-
prising a polarization film and a pressure-sensitive adhesive
layer formed on one side or both sides of the polarization film
and containing the pressure-sensitive adhesive composition.
[0020] The present invention also provides a liquid crystal
display (LCD) device comprising a liquid crystal panel in
which the polarizer is attached onto one side or both sides of
a liquid crystal cell.

ADVANTAGEOUS EFFECTS

[0021] The acrylic pressure-sensitive adhesive composi-
tion according to the present invention includes a compound
having superior compatibility with an acrylic copolymer and
high optical anisotropy to effectively control a birefringence
property generated by the shrinkage stress of a polarizer and
introduces a crosslinking structure to maximize a stress
releasing function of the pressure-sensitive adhesive, thereby
improving the light leakage phenomenon of the polarizer
without changing major properties, such as an endurance
reliability of the pressure-sensitive adhesive, which can be
generated under a high temperature or high temperature and
high humidity condition.

[0022] In addition, the acrylic pressure-sensitive adhesive
composition according to the present invention may addition-
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ally include a low molecular weight material or a plasticizer,
and thereby provide more excellent stress releasing function.

BEST MODE

[0023] The present invention relates to an acrylic pressure-
sensitive adhesive composition comprising (A) an acrylic
copolymer and (B) an optically anisotropic compound com-
prising one or more substituents containing one of an alkyl
group, an alkenyl group, and an alkynyl group in a meta
position of mesogen.

[0024] In the present invention, a compound having high
optical anisotropy is introduced to a pressure-sensitive adhe-
sive representing negative birefringence under residual stress
to cause the pressure-sensitive adhesive to have positive bire-
fringence under the residual stress, thereby optically compen-
sating for negative birefringence present in a triacetyl cellu-
lose (TAC) layer of a shrunk polarizer and thus improving a
light leakage phenomenon.

[0025] (A) Acrylic Copolymer

[0026] In the present invention, the acrylic copolymer (A)
is not specifically limited if it can be generally used as a
pressure-sensitive adhesive in the art.

[0027] In general, compounds having large birefringence
are highly likely to be crystallized and have low compatibility
with high polymer resin. As a result, even though the com-
pounds are added to a pressure-sensitive adhesive by a small
amount, a phase separation is generated and the compounds
are crystallized, thus being precipitated.

[0028] However, an optically anisotropic compound com-
prising one or more substituents containing one of an alkyl
group, an alkenyl group, and an alkynyl group in a meta
position of mesogen according to the present invention has
superior physical properties such as compatibility with high
polymer resin, solubility, and a melting point.

[0029] Therefore, the acrylic pressure-sensitive adhesive
composition according to the present invention introduces a
compound having high optical anisotropy to a pressure-sen-
sitive adhesive representing negative birefringence under
residual stress to cause the pressure-sensitive adhesive to
have positive birefringence under the residual stress, thereby
optically compensating for negative birefringence present in
a'TAC layer of a shrunk polarizer and thus improving the light
leakage phenomenon.

[0030] The acrylic copolymer (A) may include, but not
limited to, for example, 1) a (meth) acrylic acid ester monomer
having an alkyl group of 1 to 14 carbon atoms; and ii) a
crosslinking functional group-containing monomer.

[0031] When the carbon number of alkyl group is out of the
range, the glass transition temperature (Tg) of the pressure-
sensitive adhesive is increased, or regulation of the adhesive
property may be difficult.

[0032] The content of the (meth) acrylic acid ester mono-
mer 1) having alkyl of 1 to 14 carbon atoms may be 90 to 99.9
parts by weight, based on 100 parts by weight of the acrylic
copolymer (A) for regulation of pressure-sensitive adhesive
strength and cohesive strength.

[0033] Examples of 1) the (meth) acrylic acid ester mono-
mer having alkyl of 1 to 14 carbon atoms may include, but not
limited to, methyl(meth)acrylate, ethyl(methacrylate, n-pro-
pyl(meth)acrylate, isopropyl(meth)acrylate, butyl(meth)
acrylate, t-butyl(meth)acrylate, pentyl(meth)acrylate, 2-eth-
ylhexyl(meth)acrylate, n-octyl(meth)acrylate, isooctyl
(meth)acrylate,  isononyl(meth)acrylate,  lauryl(meth)
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acrylate, tetradecyl(meth)acrylate, and the like, and they can
be used alone or in a mixture of two or more kinds thereof.
[0034] The content of the crosslinking functional group-
containing monomer ii) may be 0.1 to 10 parts by weight
based on 100 parts by weight of the acrylic copolymer (A). If
the content is less than 0.1 parts by weight, destruction of
cohesion is likely to occur under a high temperature or high
humidity condition and an improving effect of the adhesive
strength may be insignificant. If the content is more than 10
parts by weight, the pressure-sensitive adhesive property and
peel strength may be degraded.

[0035] Examples of the crosslinking functional group-con-
taining monomer ii) may include, but not limited to, a
hydroxyl group-containing monomer such as 2-hydroxyethyl
(meth)acrylate, 2-hydroxypropyl(meth)acrylate, 4-hydroxy-
butyl(meth)acrylate, 2-hydroxyethyleneglycol (meth)acry-
late, or 2-hydroxypropyleneglycol (meth)acrylate; a carboxyl
group-containing monomer such as acrylic acid, methacrylic
acid, acrylic acid dimer, itaconic acid, carboxyethylacrylate,
carboxypenthylacrylate, maleic acid, or fumaric acid; and a
nitrogen-containing monomer such as acryl amide, N-vinyl
pyrrolidone, or N-vinyl caprolactam, and they can be used
alone or in a mixture of two or more kinds thereof.

[0036] The acrylic copolymer (A) may be an acrylic
copolymer containing an aromatic group.

[0037] Herein, the aromatic-group containing acrylic
copolymer may include, but not limited to, 1) a (meth)acrylic
acid ester monomer having an alkyl group of 1 to 14 carbon
atoms; ii) a crosslinking functional group-containing mono-
mer; and iii) an aromatic group-containing acrylic monomer
that can be copolymerized with the alkyl (meth) acrylic acid
ester monomer.

[0038] In the aromatic-group containing acrylic copoly-
mer, the content of the (meth) acrylic acid ester monomer i)
having an alkyl group of 1 to 14 carbon atoms may be 55 to 95
parts by weight based on 100 parts by weight of the acrylic
copolymer.

[0039] If the content is less than 55 parts by weight, the
amount of aromatic group-containing acrylic monomer iii) is
relatively increased, and thus it is difficult to obtain sufficient
molecular weight and the Tg of the pressure-sensitive adhe-
sive is increased, thereby making it difficult to exhibit pres-
sure-sensitive adhesion performance suitable for purposes. If
the content exceeds 95 parts by weight, the amount of aro-
matic group-containing acrylic monomer iii) is relatively
decreased, and thereby may be insufficient to obtain satisfac-
tory optical compensation effect.

[0040] Since the aromatic group-containing acrylic mono-
mer iii) that can be copolymerized with the alkyl (meth)
acrylic acid ester monomer represents positive birefringence,
it may correct the negative birefringence of the acrylic pres-
sure-sensitive adhesive under residual stress.

[0041] The aromatic group-containing acrylic monomer
iil) may be a compound expressed by Formular 1:

[Formular 1]
Ry

I
CIL=C—CO— (ORy),—X—Ar,

[0042] where R, indicates hydrogen or a methyl group,
[0043] R, indicates an alkylene group of 1 to 12 carbon
atoms,
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[0044] n indicates an integer of 0 to 3, preferably O or 1,
[0045] X indicates oxygen, sulfur, or an alkylene group of 1
to 4 carbon atoms, and

[0046] Arindicates an aromatic group unsubstituted or sub-
stituted with halogen or alkyl of 1 to 12 carbon atoms.
[0047] Thecompound expressed by Formular 1 may be, for
example, phenoxy ethyl(meth)acrylate, benzyl(meth)acry-
late, 2-phenylthio-1-ethyl(meth)acrylate, 6-(4,6-dibromo-2-
isoprophyl  phenoxy)-1-hexyl(meth)acrylate,  6-(4,6-di-
bromo-2-sec-butyl phenoxy)-1-hexyl(meth)acrylate, 2,6-
dibromo-4-nonylphenyl(meth)acrylate, 2,6-dibromo-4-
dodecyl phenyl(meth)acrylate, 2-(1-naphtyloxy)-1-ethyl
(meth)acrylate,  2-(2-naphtyloxy)-1-ethyl(meth)acrylate,
6-(1-naphtyloxy)-1-hexyl(meth)acrylate, 6-(2-naphtyloxy)-
1-hexyl(meth)acrylate, 8-(1-naphtyloxy)-1-octyl(meth)acry-
late, or 8-(2-naphtyloxy)-1-octyl(meth)acrylate, and they can
be used alone or in a mixture of two or more kinds thereof.
[0048] The compound preferably may be phenoxy ethyl
(meth)acrylate, benzyl(meth)acrylate, 2-phenylthio-1-ethyl
(meth)acrylate, 2-(1-naphtyloxy)-1-ethyl(meth)acrylate, or
8-(2-naphtyloxy)-1-octyl(meth)acrylate, and more prefer-
ably may be phenoxy ethyl(meth)acrylate or benzyl(meth)
acrylate.

[0049] The content of the aromatic-group containing
acrylic monomer is preferably 5 to 35 parts by weight based
on 100 parts by weight of the aromatic group-containing
acrylic copolymer. Ifthe content is less than S parts by weight,
the pressure-sensitive adhesive may represent large negative
birefringence under residual stress and have to use a large
amount of optically anisotropic compound to be described
below. Ifthe content exceeds 35 parts by weight, the pressure-
sensitive adhesive property balance of the final acrylic pres-
sure-sensitive adhesive may be deteriorated and the pressure-
sensitive adhesive strength may be greatly increased,
whereby the re-peeling property of the polarizer becomes
very poor and the positive birefringence of the pressure-
sensitive adhesive under residual stress becomes so large that
the light leakage may be aggravated.

[0050] The acrylic copolymer (A) preferably has a weight
average molecular weight of 800,000 to 2,000,000. If the
weight average molecular weight is less than 800,000, the
cohesive strength of the pressure-sensitive adhesive is insuf-
ficient and thus endurance reliability is poor. If the weight
average molecular weight exceeds 2,000,000, the stress
releasing effect is not satisfactory.

[0051] The acrylic copolymer (A) may further include a
copolymer monomer to regulate the Tg of the pressure-sen-
sitive adhesive or to provide other functions. Detailed
examples of the copolymer monomer may include a styrene
monomer such as styrene or alpha methyl styrene; carbonic
acid vinyl ester such as vinyl acetate; a nitrogen-containing
monomer such as acrylonitrile, (meth)acryl amide, N-methyl
(meth)acryl amide, or N-butoxymethyl(meth)acryl amide,
and they can be used alone or in a mixture of two or more
kinds thereof.

[0052] A copolymerization method of the acrylic copoly-
mer (A) is not specifically limited, and the acrylic copolymer
(A) may be prepared by one of solution polymerization,
photo-polymerization, bulk polymerization, suspension
polymerization, and emulsion polymerization.

[0053] Preferably, the acrylic copolymer may be prepared
by solution polymerization and a polymerization temperature
may be 50 to 140° C., and a polymerization initiator is pref-
erably added in a state where monomers are evenly mixed.
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[0054] The polymerization initiator may use an azo-based
polymerization initiator such as azo-bisisobutyronitrile or
azobiscyclohexanecarbonitrile; or peroxide such as benzoyl
peroxide and acetyl peroxide alone or in a mixture thereof.
[0055] (B) Optically Anisotropic Compound Having One
or More Substituents Containing One of an Alkyl Group, an
Alkenyl Group, and an Alkynyl Group in a Meta Position of
Mesogen

[0056] In the present invention, mesogen means a bar-
shaped structure comprising one or more aromatic rings con-
nected in one direction.

[0057] Generally, optically anisotropic compounds having
large birefringence are likely to be crystallized and have low
compatibility with high polymer resin. As a result, they, even
when used by a small amount, are prone to phase separation
and are crystallized, thus being precipitated. To solve these
problems, the present invention introduces one or more sub-
stituents comprising one of an alkyl group, an alkenyl group,
and an alkynyl group in a meta position of mesogen. The
substituent introduced in the meta position of a mesogen core
increases compatibility with high polymer resin and
improves physical properties such as solubility and a melting
point when compared with a substituent in a para position.
[0058] In the present invention, an optically anisotropic
compound may have both meta substituent and para substitu-
ent, but preferably has only meta substituent.

[0059] Theoptically anisotropic compound preferably may
include a compound expressed by Formular 2:

R—X Q
Q& Y a 6y @'—Gz
1 L —-m
R—X Q
where
Qq Qs
Z_
O~
Qs Q7
Qs Qg
7—7
<Z> is or _</ \>_
Qio Qu
Q Qi3
7—7
O~
Qu Qis
[0060] ZisC—WorN;
[0061] Q, through Q,s, and W are, independently of one

another, hydrogen, halogen, cyano, —R5, —OR, —NHR,,
—NR R or —C(=0)Rg, respectively, and
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[0062] 1, m, and n are, independently of one another, an
integer of 0 to 3, and l+m+n is an integer 1 or over; and

[0063] Y, G, G,, X, and X, are, independently of one
another, a single bond, —O0—, —NR,—, —S8— —SO—,
—S0,—, C,-Cg alkylene, C,-C; alkenylene, C,-C alky-
nylene, or —U-T-V—, respectively,

[0064] wherein -T- indicates carbonyl (—C(=0)—), U
and V indicate a single bond, —O—, —NR;—, —S—,
—(CH,),—, —O(CH,),—, —(CH,),0—, relatively, and p
indicates an integer of 1 to 5, E indicates hydrogen, halogen,
cyano, —NCO, —NCS, —R., or —ORs; and

[0065] R,, R,, and R, indicate, independently of one
another, hydrogen, C,-C,, alkyl unsubstituted or substituted
with one or more halogens, C,-C,, alkenyl unsubstituted or
substituted with one or more halogens, C,-C,, alkynyl unsub-
stituted or substituted with one or more halogens, or —(R ;0)
R, inwhich R indicates C, -C; alkylene, R indicates C,-C,
alkyl, and q indicates an integer of 1 to 5 but is notincluded if
both of R; and R, are hydrogen at the same time.

[0066] More specifically, the compound expressed by For-
mular 2 has one or more substituents (X,-R, or X,-R,) con-
taining one of an alkyl group, an alkenyl group, and an alky-
nyl group in a meta position of mesogen, in which l+m+n of
a mesogen core is an integer of 1 or over.

[0067] In the compound expressed by Formular 2, Y, G,
and G, may be, independently of one another, a single bond,
4075 7NR373 7875 78075 780275 7(CH2)p75

[Formular 2]

~CH—CH, —C=C—, —C(—=0)0—, —0OC(=0)—,
—O(=0)—,—C(=O0)NRy—,—NR,C(=0)—,—C(=0)
S—, —SC(=0)—, —C(=0)O(CH,),—, —OC(=0)
(CH,),—, —(CH,),0C(=0)—, or —(CH,),C(=0)0—,
respectively, in which p is an integer of 1 to 5.
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[0068] G, and G, are preferably, independently of one
another, a single bond, —CH—CH—, or —C=C—, and
more preferably, a single bond or —C=C—, respectively.
[0069] In the compound expressed by Formular 2, X, and
X, are preferably, independently of one other, a single bond,
—0— —NR;— —8—, —80—, —80,—, —(CH,),—,
—C(=0)NR;—, —NR,C(—=0)—, —NR,C(=O0)NR,—,
—C(=0)0—, —OC(=0)—, or —OC(—0)O—, in which
p is preferably an integer of 1 or 2.

[0070] Inthecompound expressed by Formular 2, whenR,
R,, and R, are C,-C,, alkyl, they may be, but not limited to,
linear or branch-type alkyl such as —CH;, —CH,CHj,
—CH,CH,CH,, —CH(CH,),, —CH,CH,CH,CH,, —CH
(CH;)CH,CH,, or —CH,CH(CHs,),.

)

AN

)

[0071] WhenR;, R,, and R, are C,-C,, alkenyl, they may
be, but not limited to, linear or branch-type alkenyl such as
—CH—CH,, —CH—CHCH,, —CCH,—CH,,
—CH,CH—CH,, —CH—CHCH,CH,, —CH—C(CH,),,
—CCH,—CHCH,, —CH,CH—CHCH,,
—CH,CCH,—CH,, —CHCH,CH—CH,, or
—CH,CH,CH—CH,.

[0072] WhenR,, R,, and R, are C,-C,, alkynyl, they may
be, but not limited to, linear or branch-type alkynyl such as
—C=CH, —CH,C=CH, —C=CCH,,
—CH,CH,C=CH, —CHCH,C=CH, —CH,C=CCH,, or
—C=CCH,CH,.

[0073] In the compound expressed by Formular 2, R; and
R, are preferably, independently of each other, C5-C, , alkyl,

Mar. 3, 2011

C;-C,, alkenyl, or C,-C,, alkynyl of linear or branch type
unsubstituted or substituted with one or more halogens, and
more preferably C;-C,, alkyl, C;-C,, alkenyl, or C;-C,,
alkynyl of a branch type unsubstituted or substituted with one
or more halogens.

[0074] Inthecompound expressed by Formular 2, whenR;,
R,, and R; are —(R;0),R;, they are preferably, indepen-
dently —of one  another, —(CH,CH,0),CHj;,
—(CH,CHCH,0),CHj,, or —(CHCH,CH,0),CHj, respec-
tively, in which q is preferably an integer of 1 to 5.

[0075] The compound expressed by Formular 2 can be
more specifically expressed as below, without being limited
to the following compound.

4

5

7

9
()

[0076] The acrylic pressure-sensitive adhesive composi-
tion according to the present invention may include the com-
pound expressed by Formular 2 alone or in a mixture of two
or more kinds thereof, and the content of the compound may
be preferably 5 to 30 parts by weight based on 100 parts by
weight of the acrylic copolymer (A). If the content is less than
5 parts by weight, the optical compensation effect of the
pressure-sensitive adhesive 1s degraded. If the content
exceeds 30 parts by weight, compatibility with the pressure-
sensitive adhesive is deteriorated due to the excessive use of
the compound, whereby the positive birefringence of the
pressure-sensitive adhesive is increased relative to the nega-
tive birefringence generated by the shrinkage of the polarizer
and thus the light leakage phenomenon is likely to occur.
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[0077] The compound expressed by Formular 2 may be
prepared by a conventional method used in the art, but may be
prepared, but not limited to, by the following method:

Reaction Formular
Ry—X| Qi
Qs A+
Ry—X; Q

D@GI@GZ@E _b
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-continued
R;—X, Q1
LoD
Ry—X Q
[0078] where A may be —YH, —OH, -L, or —B(OH),,

and D may be HY—, HO—, L-, or (HO),B—. L is a living
group and may be, but not limited to, halide, mesylate, tosy-
late, or triplate. Other symbols are the same as those defined
in Formular 1.

[0079] A solvent in the reaction may be hexane, ether,
methylenehloride, tetrahydrofuran  (THF), dioxane,
butanone, methanol, ethyl acetate, ethanol, water, or a mix-
ture thereof, benzene-based solvent such as benzene or tolu-
ene; and the like. In addition, reaction temperature may be 0
to 200° C. and reaction time may be 1 to 30 hours.

[0080] According to the type of reaction, a catalyst used in
the art such as Pd, Cu, or Ni may be used.

[0081] A detailed preparation method of the compound
expressed by Formular 2 is as shown in Reaction Formulars 1
to 5.

[Reaction Formular 1: when Y is —C=C—]
M, Q X Q |
——Si—
Q L R—L Q L, 5 |
MX, Qs RX, Qs
RX, Qi
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[0082] A substituent is added to a meta position by using a
material such as base and alkyl halide, and then Pd coupling
reaction is carried out to make a tolane structure.
[Reaction Formular 2: when Y is —0—, —NR3— , —S—]

RX, Qi

YH G, G, E

QZ L, 1 mn n

RX, s Cuor Ni

-
RX, Q
Cuor Ni

Q YH

L G G E
RX, Q3
1 m n
RX Qi
Q2 YMGIMGZ ’
1 m n
RX; Q;

Y=NR, 0,8
Y=NR,0, $
[Reaction Formular 3: when Y is single bond, ——(CHy);——, — CH=CH—— oy — C(=0)—]
L3Y Gy Gy E
RX, Qi
! mn n
LiorMg Y = single bond, (CH,),, CH=CH, CO
Q L, > >
or metal halide
RX, Qs
RX; Qi
] m "
RX; Q

Y = single bond, (CH,),, CH=CH, CO
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[0083] From nucleophilic substitution reaction, Y can form
a compound of a single bond, (CH,),, CH=CH, or C,,.

[Reaction Formular 4: when Y is — C(=—=0)0—]

MX, Q
Q, cooH

MX, Q;

lR—LZ

RX, Qi RX; Qi
HO G Gy E
1) Lior Mg
— COH L z 2
RX, Q

Q Ly

2) CO, Coupling

3
RX, Qi
O
Q
{OHOHO
RX; & i n n

[Reaction Formular 5: when Y is — OC(=0)—]

RX, Qi
Q op
RX; Q;
ldeprotection
RX, Qi RX, Q1
HOOC G G, E
1) LiorMg f " n
Q Ly —/—/——— Q OH Comnll
2) (Me;Si0); oupling
RX, Qs RX, Qs

RX, Qi Q
G Gy E
Q 0 ] " "
RX; Qs
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[0084] A CO, gas is bubbled to form a CO,H group and an
OH group can be introduced by using (Me;Si0),. An ester
compound may be made by using SOCI,, COCl,, MsCl,
TsCl, EDC[1-Ethyl-3-(3-dimethyl aminopropyl) carbo diim-
ide hydrochloride], or DCC(dicyclohexylcarbodiimide), or
an esterification reaction may be performed by using Dean-
Stark.

[0085] In Reaction Formulars 1 to 5, M indicates metal
capable of generating anions, such as Li, Na, Mg, K, Ca, or
Cs, and may use BuLi, NaH, NaOH, NaHCO;, Na,CO,, Mg,
K,CO,, KOH, CaH, Cs,CO;, or organic salts such as amine.
P means a protection group.

[0086] The foregoing reaction formulars are merely exem-
plary methods, and the compound expressed by Formular 2
canbe prepared by not only Reaction Formulars 1 to 5 but also
a preparation method of a similar flow to Reaction Formulars
1to 5.

[0087] (C)Low-Molecular Weight Material Having Weight
Average Molecular Weight of 1,000 to 30,000 or Plasticizer
[0088] Preferably, the present invention may further
include a low-molecular weight material having a weight
average molecular weight of 1,000 to 30,000 or plasticizer
©)

[0089] Thelow-molecular weight material having a weight
average molecular weight of 1,000 to 30,000 or plasticizer
according to the present invention reduces the modulus of the
pressure-sensitive adhesive. Thus, the creep amount with
respect to external stress is increased and deformation easily
occurs, thereby releasing local stress generated by the shrink-
age or expansion of the polarizer. When the weight average
molecular weight is less than 1,000, it cannot be uniformly
distributed over the pressure-sensitive adhesive due to very
low molecular weight. If the weight average molecular
weight exceeds 30,000, the modulus of the pressure-sensitive
adhesive cannot be reduced, leading to degradation in the
stress releasing effect.

[0090] A low molecular weight material that can be used in
the present invention is not specifically limited if it is com-
patible with an acrylic copolymer, and may be a (meth)
acrylic ester monomer having an alkyl group which is a main
component of an acrylic copolymer, and preferably includes
a crosslinking functional group-containing monomer by a
small amount or does not include the same at all. The detailed
type of the (meth) acrylic ester monomer having an alkyl
group has already been described above, and it is desirable to
use a butyl acrylate homo polymer.

[0091] A plasticizer that can be used in the present inven-
tion is not specifically limited if it is compatible with an
acrylic copolymer, and may be a phthalic acid-based plasti-
cizer such as diisononylphthalate, di-(2-ethylhexyl)phtha-
late, diisodesylphthalate, or butylbenzylphthalate; a fatty acid
ester-based plasticizer such as di-(2-ethylhexyl)adipate, di-n-
decyladipate, di-(2-ethylhexyl)azelate, dibutylsebacate, or
di-(2-ethylhexyl)sebacate; a phosphoric ester-based plasti-
cizer such as tributylphosphate, tri(2-ethylhexyl)phosphate,
or 2-ethylhexylphenyl phosphate; an epoxy-based plasticizer
such as epoxy soybean oil; a trimellitate-based plasticizer; a
pyromellitate-based plasticizer; a benzoic acid-based plasti-
cizer, a polyester-based plasticizer; or a sulfonic acid ester-
based plasticizer, and they can be used alone or in a mixture of
two or more kinds thereof.

[0092] Itis preferable that the low-molecular weight mate-
rial having a weight average molecular weight of 1,000 to
30,000 or plasticizer have 5 to 30 parts by weight based on
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100 parts by weight of the acrylic copolymer. Ifthe content is
less than 5 parts by weight, the stress releasing effect is not
revealed. Ifthe content exceeds 30 parts by weight, endurance
reliability may be deteriorated.

[0093] Multifunctional Crosslinking Agent

[0094] The acrylic pressure-sensitive adhesive composi-
tion according to the present invention may include 0.01 to §
parts by weight of'a multifunctional crosslinking agent based
on 100 parts by weight of an acrylic copolymer.

[0095] Themultifunctional crosslinking agent may use one
or more kinds selected from a group consisting of an isocy-
anate compound, an epoxy compound, an aziridine com-
pound, and a metal chelate compound, and more preferably
uses an isocyanate compound.

[0096] The isocyanate compound may use one or more
kinds selected from a group consisting of toluene diisocyan-
ate, xylenediisocyanate, diphenylmethanediisocyanate, hex-
amethylene diisocyanate, isoform diisocyanate, tetrameth-
ylxylene diisocyanate, naphthalene diisocyanate, and their
reactants with polyol like trimethylolpropane.

[0097] The epoxy compound may use one or more kinds
selected from a group consisting of ethyleneglycol digly-
cidylether, triglycidylether, trimethylolpropane trigly-
cidylether, N,N,N'N'-tetraglycidylethylenediamine, and
glycerine diglycidylether.

[0098] Theaziridine compound may use one or more kinds
selected from a group consisting of N,N'-toluene-2,4-bis(1-
aziridinecarboxide), N,N'-diphenylmethane-4,4'-bis(1-aziri-
dinecarboxide), triethylenemelamine, bisisoprothaloyl-1-(2-
methylaziridine), and tri-1-aziridinylphosphineoxide.

[0099] The metal chelate compound may use one or more
kinds selected from a group consisting of compounds pre-
pared by coordinating multivalent metal such as Al, Fe, Zn,
Sn, Ti, Sb, Mg, or V with acethylacetone or ethyl acetoac-
etate.

[0100] The content of the multifunctional crosslinking
agent is preferably 0.01 to 5 parts by weight based on 100
parts by weight of the acrylic copolymer (A). If the content is
less than 0.01 parts by weight, endurance is degraded due to
the low crosslinking degree of the pressure-sensitive adhe-
sive. If the content exceeds 5 parts by weight, endurance may
also be degraded due to the high crosslinking degree of the
pressure-sensitive adhesive.

[0101] Inamixing process for forming an acrylic pressure-
sensitive adhesive composition and a pressure-sensitive adhe-
sive layer, a crosslinking reaction by functional groups of the
multifunctional crosslinking agent described above should
not occur for even coating. After the coating followed by
drying and aging, a crosslinking structure is formed. thereby
obtaining a pressure-sensitive adhesive layer having strong
elasticity and cohesion.

[0102] Additive

[0103] The acrylic pressure-sensitive adhesive composi-
tion according to the present invention may further include a
silane coupling agent for improving adhesion stability and
thus more improving heat resistance/moisture resistance
when it is adhered to a glass substrate.

[0104] The silane coupling agent serves to be of help to
improve adhesion reliability when it is left for a long time
under high temperature and high humidity, and the content
thereof may be 0.005 to 5 parts by weight based on 100 parts
by weight of the acrylic copolymer (A). If the content is less
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than 0.005 parts by weight, the adhesion stability is not
improved. Ifthe content exceeds 5 parts by weight, endurance
reliability is degraded.

[0105] The silane coupling agent compound may use y-gly-
cycloxypropyl trimethoxysilane, y-glycycloxypropyl meth-
yldiethoxysilane, y-glycycloxypropyl triethoxysilane, y-mer-
captopropyl trimethoxysilane, vinyl trimethoxysilane, vinyl
triethoxysilane, y-methacryloxypropyl trimethoxysilane,
y-methacryloxypropyl triethoxysilane, y-aminopropyl tri-
methoxysilane, y-aminopropyl triethoxysilane, 3-isocyan-
atepropyl triethoxysilane, or y-acetoacetatepropyl trimethox-
ysilane, and they may be used alone or in a mixture thereof.
[0106] The acrylic pressure-sensitive adhesive composi-
tion according to the present invention may have added
thereto tackifier resin for regulating pressure-sensitive adhe-
sion performance and the content of the tackifier resin may be
in a range of 1 to 100 parts by weight based on 100 parts by
weight of the acrylic copolymer (A).

[0107] Ifthe content of the tackifier resin exceeds the above
limited amount, the compatibility or cohesive strength of the
pressure-sensitive adhesive may be reduced.

[0108] Thetackifier resin may be (hydrogenated) hydrocar-
bon resin, (hydrogenated) rosin resin, (hydrogenated) rosin
ester resin, (hydrogenated) terpene resin, (hydrogenated) ter-
pene phenol resin, polymerized rosin resin, or polymerized
rosin ester resin, and they may be used alone or in a mixture
of two or more kinds thereof.

[0109] In addition, the present invention may additionally
use epoxy resin, and a curing agent in a mixture for particular
purposes, and may properly have added thereto a ultraviolet
(UV) stabilizer, antioxidants, a coloring agent, a reinforcing
agent, a filler, an antifoaming agent, a surfactant, and an
antistatic agent for general purposes.

[0110] The present invention also relates to a polarizer
comprising a polarization film; and a pressure-sensitive adhe-
sive layer formed on one side or both sides of the polarization
film and containing the pressure-sensitive adhesive composi-
tion according to the present invention.

[0111] The polarizer according to the present invention
includes the pressure-sensitive adhesive layer made of the
pressure-sensitive adhesive composition on one side or both
sides of the polarization film, and the polarization film or a
polarization device of the polarizer is not specifically limited.
[0112] For example, the polarization film may be prepared
by adding a polarization component such as iodine or dich-
roic dye onto a polyvinyl alcohol-based resin film and elon-
gating it. Also, there is no limitation in the thickness of the
polarization film and so the polarization film may be made in
conventional thickness. In addition, the polyvinyl alcohol-
based resin may be polyvinyl alcohol, polyvinyl formal, poly-
vinyl acetal and polyvinyl ethylene, or a saponified vinyl
acetate copolymer.

[0113] On both sides of the polarization film, multilayer
films may be formed, which are made by laminating protec-
tive films such as cellulose-based film like triacetyl cellulose,
etc; polyester-based film like polycarbonate film, polyethyl-
ene terephthalate, etc; poly ether sulphone-based film; poly
olefin-based film having the structure of polyethylene,
polypropylene, polyolefin film having cyclo-based structure
or norbornene-based structure, or an ethylene propylene
copolymer. The thickness of such protective films is not lim-
ited specifically, and conventional thickness may be accepted.
[0114] In the present invention, a method for forming the
pressure-sensitive adhesive layer on the polarization film is
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notspecifically limited. For example, the method may include
coating the pressure-sensitive adhesive directly on the surface
of the polarization film with Bar Coater and then drying it, or
coating the pressure-sensitive adhesive on the surface of the
dissecting substrate followed by drying and transferring the
pressure-sensitive adhesive layer onto the surface of the
polarization film, followed by aging.

[0115] The polarizer according to the present invention
may have laminated thereon one or more layers providing
supplementary functions, such as a protective layer, a reflect-
ing layer, an anti-glare film, a phase retardation film, a com-
pensation film for wide view angle, or a brightness enhancing
film.

[0116] The present invention also relates to a liquid crystal
display (LCD) device comprising a liquid crystal panel in
which the polarizer is attached onto one side or both sides of
a liquid crystal cell.

[0117] Thepolarizeraccording to the present invention can
be applied to all general LCD devices, and the kind of liquid
crystal panel is not specifically limited. Preferably, the
present invention may construct an LCD device comprising a
liquid crystal panel in which the polarizer is attached onto one
side or both sides of a liquid crystal cell.

Embodiment

[0118] Whilethe present invention will now be described in
more detail by using embodiment and comparative examples,
the embodiment is used to help understanding of the present
invention, without limiting the scope of the present invention.

[0119] (A) Acrylic Copolymer
Preparation Example 1
[0120] To a1 L reactor equipped with a cooling system for

reflux of nitrogen gas and easy regulation of temperature, a
monomer mixture composed of 98 parts by weight of n-bu-
tylacrylate (n-BA) and 2 parts by weight of 2-hydroxyethyl
(meth)acrylate (2-HEMA) was added, and then 120 parts by
weight of ethylacetate (EAc) was added thereto as a solvent.
To remove oxygen, nitrogen gas was purged for 60 minutes,
and the temperature was kept at 60° C., and then 0.03 parts by
weight of azobisisobutyronitrile (AIBN) was added thereto as
areaction initiator and reacted for 8 hours. After reaction, the
mixture was diluted with ethylacetate (EAc), thereby prepar-
ing an acrylic copolymer having 20 weight percent of solid
and having a weight average molecular weight of 1,500,000.

Preparation Examples 2 and 3

[0121] By excluding or adding some of components from
or to Preparation Example 1 as shown in Table 1, a high
molecular weight acrylic copolymer was prepared and results
thereof are shown in Table 1.

TABLE 1
Prepa- Prepa- Prepa-
ration ration ration

Symbol Component Example ] Example 2 Example 3

Copolymer i) n-BA 98 95 83
Composition i) MA — — 15
i) 2-HEMA 2 — 2
i) AA — 5 —
Initiator AIBN 0.03 0.03 0.03
Solvent EAC 120 110 150



US 2011/0051051 Al

TABLE 1-continued

Prepa- Prepa- Prepa-
ration ration ration

Symbol  Component Example 1 Example 2 Example 3

Weight Average Molecular Weight 150 160 120

(10 thousand)

n-BA: n-butylacrylate

MA: methylacrylate

2-HEMA: 2-hydroxyethyl(meth)acrylate
AA: acrylic acid

AIBN: azobisisobutyronitrile

EAc: ethylacetate (unit: part by weight)

Preparation Example 4

[0122] To a 1L reactor equipped with a cooling system for
reflux of nitrogen gas and easy regulation of temperature, a
monomer mixture composed of 78 parts by weight of n-bu-
tylacrylate (n-BA), 20 parts by weight of benzylacrylate, and
2 parts by weight of 2-hydroxy ethyl (methjacrylate
(2-HEMA) was added according to composition as shown in
Table 2, and then 120 parts by weight of ethylacetate (EAc)
was added thereto as a solvent. To remove oxygen, nitrogen
gas was purged for 60 minutes, and the temperature was kept
at 60° C., and then 0.03 parts by weight of azobisisobutyroni-
trile (AIBN) was added thereto as a reaction initiator and
reacted for 8 hours. After reaction, the mixture was diluted
with ethylacetate (EAc), thereby preparing an acrylic copoly-
mer containing an aromatic group having 20 weight percent
of solid and having a weight average molecular weight of
1,500,000.

Preparation Examples 5 to 9

[0123] By excluding or adding some of components from
or to Preparation Example 4 as shown in Table 2, an acrylic
copolymer containing a high molecular weight aromatic
group was prepared and results thereof are shown in Table 2.

TABLE 2

11
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[0124] (B) Optically Anisotropic Compound

Preparation Example 10

[0125]

0
HO o
OH KOH
1

e ats

O
Hex”" OH - -
EDC
2
Hex—0Q
>: :O
4
[0126] 1.0 equivalent of Compound 1 was dissolved in a

mixture solvent of ethanol:water=7:3, and then 1.0 equivalent
of bromohexane and 2.2 equivalent of KOH were added
thereto and stirred at 90° C. for 10 hours. Ethanol was com-
pletely removed by reduced pressure distillation and then
water was additionally added to the mixture. 10% HCl(aq)
was slowly added to the mixture to regulate pH between 1-3,
thereby obtaining Compound 2 ata yield of 90% and over. 1.0
equivalent of Compound 2 and 1.0 equivalent of Compound 3

Preparation Examples

Symbol  Component 4 5 6 7 8 9
Copolymer i) n-BA 78 90 53 96 58 98
Composition i) MA 15
ii) BzA 20 5 2
ii) PHEA 35 40
iit) 2-HEMA 2 2 2 2 2
i) AA 5
Initiator AIBN 0.03 0.03 0.03 0.03 0.03 0.03
Solvent EAC 120 110 150 120 120 120
Weight Average Molecular Weight 150 160 120 150 150 150
(10 thousand)

n-BA: n-butylacrylate,

MA: methylacrylate

BzA: benzylacrylate

PHEA: phenoxyethylacrylate

2-HEMA: 2-hydroxyethyl(meth)acrylate
AA: acrylic acid

AIBN: azobisisebutyronitrile

EAc: ethylacetate (unit: part by weight)
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were dissolved in CH,Cl,. 1.2 equivalent of EDC and 0.1
equivalent of DMAP were added to the mixture and stirred for
about 10 hours at room temperature. After completion of
reaction, the mixture was worked up with CH,Cl, and refined
with silica gel, and thus final Compound 4 was prepared at a
vield of 88% and over. This was checked by 1HNMR.
1HNMR (400 MHz, CDCl;): § 0.93 (t, 3H), 1.29~1.45 (m,
4H), 1.46~1.57 (m, 2H), 1.78~1.89 (m, 2H), 4.05 (t,2H), 7.20
(dd, 1H), 7.35 (d, 2H), 7.43 (t, 1H), 7.67 (d, 2H), 7.69~7.80
(m, 5H), 7.83 (d, 1H).

Preparation Example 11
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-continued

Cul, CSZCO3

\_6

[0127]
HO Br
OH
5 3
KOH EDC
1
@]
/\/)/ ; .

[0128] 1.0 equivalent of Compound 1 was dissolved in a

mixture solvent ofethanol:water=7:3, and then 1.0 equivalent
of 2-ethylhexyl bromide 5 and 2.2 equivalent of KOH were
added thereto and stirred at 90° C. for 10 hours. Ethanol was
completely removed by reduced pressure distillation and then
water was additionally added to the mixture. 10% HCl(aq)
was slowly added to the mixture to regulate pH between 1-3,
thereby obtaining alkoxybenzoic acid at a yield of 90% and
over. 1.0 equivalent of the benzoic acid compound and 1.0
equivalent of Compound 3 were dissolved in CH,Cl,. 1.2
equivalent of EDC and 0.1 equivalent of DMAP were added
to the mixture and stirred for about 10 hours at room tem-
perature. After completion of reaction, the mixture was
worked up with CH,Cl, and refined with silica gel, and thus
final Compound 6 was prepared at a yield of 85% and over.
This was checked by IHNMR. 1THNMR (400 MHz, CDCl,):
80.90~0.97 (m, 6H), 1.29~1.38 (m, 4H), 1.38~1.61 (m, 4H),
1.69~1.81 (m, 1H), 3.94 (dd, 2H), 7.21 (dd, 1H), 7.34 (d, 2H),
7.42 (t, 1H), 7.66 (d, 2H), 7.68~7.78 (m, SH), 7.80 (d, 1H).

Preparation Example 12

[0129]

-continued

[0130] 1.0 equivalent of Compound 7 and 1.0 equivalent of
Compound 8 were dissolved in a mixture solvent of dioxane:
DMF=9:1, and then 2.0 equivalent of Cs,COj, 0.1 equivalent
of Cul, and 0.1 equivalent of 1,1,1-tris(hydroxymethyl)
ethane were added thereto and stirred at 110° C. for 20 hours.
After completion of reaction, the mixture was worked up with
ether and water, and refined with silica gel, and thus Com-
pound 9 was prepared at a yield of about 90%. This was
checked by IHNMR. IHNMR (400 MHz, CDCl,): 8 0.93 (¢,
3H), 1.48~1.63 (m, 2H), 2.30 (1, 3H), 7.02~7.53 (m, 6H), 7.65
(d, 2H), 7.69~7.74 (m, 4H).
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Preparation Example 13
[0131]

Mar. 3, 2011

2.2eq.
m-cPBA 0}
aats O
S CN S CN
I
0
o 10

1.0 eq.
YCPBA

0]

eV
N CN
11

[0132] 1.0 equivalent of Compound 9 was dissolved in a
CH,Cl, solvent, and then 2.2 equivalent of m-chloroperben-
zoic acid (m-CPBA) was slowly added thereto at temperature
of 0° C. This mixture was stirred for 30 minutes at room
temperature and then worked up, and was refined with silica
gen, thereby preparing Compound 10 at a yield of 80%. By
using 1.0 equivalent of m-CPBA, instead of 2.2 equivalent of
m-CPBA, sulfoxide Compound 11 was prepared. This was
checked by IHNMR. 1HNMR (400 MHz, CDCl,): 6 0.93 (z,
3H), 1.48~1.63 (m, 2H), 2.30 (t,3H), 7.18~7.22 (m, 2H), 7.63
(d, 2H), 7.65~7.70 (m, 4H), 7.99~8.05 (m, 4H).

Preparation Example 14

[0133]
HO
\/\/\/BI
I 5C0; -
12
OO
0O cl
. 14
NiCL,(PPhy);
13
0
\_§ . O . .
15

[0134] 1.0 equivalent of Compound 12 was dissolved in
butanone, and then 1.2 equivalent of hexylbromide and 1.2
equivalent of K,CO; were added thereto and stirred at 80° C.
for about 5 hours. After completion of reaction, the mixture
was worked up with ether and refined with silica gel, and thus
Compound 13 was prepared at a yield of 90% and over.
Compound 14 can be prepared by using SOCl, and TEA in an
acid compound (Compound 19 to be described below) in a
general manner. 1.0 equivalent of Compound 13 and 1.0
equivalent of Compound 14 were dissolved in a benzene
solvent from which moisture was removed, and then NiCl,
(PPh,), was added to the mixture as a catalyst and stirred for
about 2 hours at room temperature. This mixture was worked
up by using water and ether, and thus final Compound 15 was
obtained at a yield of about 70% by using silica gel column
chromatography. This was checked by ITHNMR. THNMR
(400 MHz, CDCL,): & 0.98 (t, 3H), 1.30~1.45 (m, 4H),
1.45~1.59 (m, 2H), 1.80-1.89 (m, 2H), 4.05 (t, 2H), 7.21~7.
60 (m, 9H), 7.87 (s, 1H), 7.92 (m, 3H).

Preparation Example 15

[0135]
HO
TBSCI
—_
Imidazole

H

16
O
SN
OTBS K,CO;
17

TBAF
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-continued
O,
Hex—0O o . .
19
OH -
EDC
18
\/WO 0
O
20
[0136] 1.0 equivalent of Compound 16 was dissolved in

THF and then 1.0 equivalent of tert-butyldimethylsilyl chlo-
ride (TBSCI) and 1.2 equivalent of imidazole were added to
the mixture and stirred for about 5 hours at 80° C. After
completion of reaction, generated salt was filtered and then
the mixture was refined with silica gel, and thus Compound
17 was prepared at a yield of 80%. Compound 17 was dis-
solved in butanone and 1.2 equivalent of hexylbromide and
1.2 equivalent of K,CQO; were added thereto and then stirred
for about 10 hours at 80° C. After completion of reaction, the
mixture was worked up with ether and refined with silica gel,
and then dissolvedin THF. 1.1 equivalent of TBAF was added
to the mixture to carry out deprotection. The mixture was
stirred for about 1 hour at room temperature, worked up with
ether, and then refined with silica gel, thereby preparing Com-
pound 18. 1.0 equivalent of Compound 18 and 1.0 equivalent
of Compound 19 were dissolved in CH,Cl,, and then 1.2
equivalent of EDC and 0.1 equivalent of DMAP were added
thereto and stirred for about 10 hours at room temperature.
After completion of reaction, the mixture was worked up with
CH,Cl, and refined with silica gel, and thus preparing Com-
pound 20 was at a yield of 85%. This was checked by
IHNMR. 1HNMR (400 MHz, CDCL): 8 0.97 (t, 3H),
1.29~1.44 (m, 4H), 1.45~1.57 (m, 2H), 1.78~1.89 (m, 2H),
4.03 (t, 2H), 7.22~7.56 (m, 9H), 7.60 (d, 1H), 7.88 (d, 1H),
8.11 (d, 2H).

Preparation Example 16

[0137]

HO

\/\/Br
—_—

K>CO;3

21
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-continued
/\/_ 9 %Ti—
Br  Cul, PdCly(PPhs)
TEA
22
PV a I_O
z > _ %
=g— — -
| Cul, PdCly(PPhy),
5 DBU, 1,0
N8
25
[0138] 1.0 equivalent of m-bromophenol (Compound 21)

was dissolved in butanone, and then 1.2 equivalent of bro-
mobutane and 1.2 equivalent of K,CO; were added thereto
and stirred for about 5 hours at 80° C. After completion of
reaction, the mixture was worked up by using ether and water,
and refined with silica gel, and thus Compound 22 was
obtained at a yield of about 95%. 1.0 equivalent of Compound
22, 1.0 equivalent of trimethylsilylacetylene, 0.1 equivalent
of Cul, 0.03 equivalent of PACl,(PPh,),, and 4.0 equivalent of
triethylamine were dissolved in benzene and stirred for about
10 hours at 60° C. After completion of reaction, the mixture
was worked up with ether and water, and refined with silica
gel, and thus Compound 23 was prepared at a yield of about
90%. 1.0 equivalent of Compound 23, 1.0 equivalent of Com-
pound 24, 0.1 equivalent of Cul, 0.03 equivalent of PdCl,
(PPh,),, 6.0 equivalent of DBU, and 1.0 equivalent of H,O
were dissolved in benzene and stirred for about 10 hours at
60° C. After completion of reaction, the mixture was worked
up with ether and water, and refined with silica gel, and thus
final Compound 25 was obtained at a yield of about 85%. This
was checked by ITHNMR. 1THNMR (400 MHz, CDCIL,): &
1.06 (t, 3H), 1.73~1.92 (m, 4H), 4.07 (t, 2H), 7.17 (d, 1H),
7.22 (d, 1H), 7.25~7.30 (m, 3H), 7.47 (m, 3H), 7.68 (s, 1H).
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Preparation Example 17
[0139]

15
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26

EDC

0
NN

27

[0140] Compound 27 having a substituent in a para position
was synthesized in the same preparation method used in
Preparation Example 10, in which Compound 26 was used
instead of Compound 1.

Example 1
Mixing Process

[0141] 100 parts by weight (solid) of a high molecular
weight acrylic copolymer obtained in Preparation Example 1
and 5 parts by weight of an optically anisotropic compound
obtained in Preparation Example 10 were homogeneously
mixed, and then 0.1 part by weight of toluene diisocyanate
adduct of trimethylolpropane and 0.1 part by weight of'y-gly-
cycloxypropyl trimethoxysilane were added thereto as a
crosslinking agent. This mixture was diluted in a proper con-
centration considering coating properties and then homoge-
neously mixed. The resulting product was coated on a releas-
ing sheet and dried, thereby obtaining a 25 um homogeneous
pressure-sensitive adhesive layer.

[0142] (Laminating Process)

[0143] The prepared pressure-sensitive adhesive layer was
subjected to pressure-sensitive adhesion processing to an
iodine polarizer having a thickness of 185 wm, after which
aging was carried out for 7 days. The obtained polarizer was
cut into proper sizes and evaluated.

Examples 2 to 8

[0144] Based on mixture of Example 1 at a mixture ratio of
Tables 3 and 4, the mixing process and the laminating process
were carried out in the same manner as Example 1 by using an
acrylic copolymer prepared by Preparation Examples 1 to 3,
an optically anisotropic compound prepared by Preparation
Examples 10 to 17, and a multifunctional crosslinking agent.

Examples 9 to 15

[0145] Based on mixture of Example 9 at a mixture ratio of
Tables 5 and 6, the mixing process and the laminating process
were carried out in the same manner as Example 1, an acrylic
copolymer containing an aromatic group prepared by Prepa-

ration Examples 4 to 9, and an optically anisotropic com-
pound and a crosslinking agent prepared by Preparation
Examples 10 to 17.

Comparative Examples 1 to 4

[0146] By mixing or partially mixing some of components
based on mixture of Example 1 at a mixture ratio of Table 4,
the mixing process and the laminating process were per-
formed on an acrylic copolymer in the same manner as
Example 1.

Comparative Examples 5 to 10

[0147] By mixing or partially mixing some of components
based on mixture of Example 1 at a mixture ratio of Table 6,
the mixing process and the laminating process were per-
formed on an acrylic copolymer in the same manner as
Example 1.

Test Example

[0148] To evaluate the characteristics of a pressure-sensi-
tive adhesive composition prepared in Examples 1 to 15 and
Comparative Examples 1 to 10, the following test items were
investigated and results thereof are shown in Tables 3 to 6.
[0149] 1. Compatibility

[0150] A pressure-sensitive adhesive prepared in Examples
and Comparative Examples was coated on a releasing sheet
and dried, and then it is checked if the pressure-sensitive
adhesive becomes hazy due to poor compatibility. The pres-
sure-sensitive adhesive was attached onto a polarizer and was
kept at room temperature, low temperature (-20° C.), and
high temperature (50° C.) for 6 months, in order to check if
crystallization of an optically anisotropic compound
occurred.

[0151] 2. Endurance Reliability

[0152] The polarizer (90 mmx170 mm) coated with the
pressure-sensitive adhesive prepared in Examples and Com-
parative Examples was attached onto both sides of a glass
substrate (110 mmx190 mmx0.7 mm) with each optical
absorbing axis crossed. The glass substrate was subjected to a
clean room work at the applied pressure of about 5 kg/cm® so
that bubbles or impurities might not be generated. In order to
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evaluate moisture-heat resistance of the specimens, they were
left at a temperature of 60° C. and a relative humidity of 90%
for 1000 hours and then observed about formation of bubbles
or releases. The specimens were left at room temperature for
24 hours immediately before evaluation of their states. The
evaluation standard for endurance reliability was as follows:
[0153] O: No bubble or release phenomenon was
observed.
[0154] A: A few bubbles or release phenomenon
occurred.
[0155] X:Alarge quantity of bubbles or release phenom-
enon occurred.
[0156] 3. Uniformity of Light Transmission (Light Leak-
age)
[0157] To investigate uniformity of light transmission with
the same specimen as the aforementioned specimen, the glass
substrate was observed about whether light was leaked in a
dark room using a backlight. To test uniformity of light trans-
mission, a coated polarizer (200 mmx200 mm) was attached
onto both sides of a glass plate (210 mmx210 mmx0.7 mm)
crossed at 90°. The uniformity of light transmission was
evaluated with the following standard:
[0158] ©: Non-uniformity phenomenon of light trans-
mission was difficult to determine by the naked eye.
[0159] O: Some few non-uniformity phenomenon of
light transmission was present.
[0160] A: More or less non-uniformity phenomenon of
light transmission was present.
[0161] X: A large quantity of non-uniformity phenom-
enon of light transmission was present.
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TABLE 3

Examples

1

2 3 4

(A) Acrylic
copolymer

(B) Optically

anisotropic
compound

Preparation 1
Example 1
Preparation
Example 2
Preparation
Example 3
Preparation
Example
10
Preparation
Example
11
Preparation
Example
12
Preparation
Example
13
Preparation
Example
14

Multifunctional
crosslinking agent

Compatibility
Endurance Reliability

Uniformity of light
transmission (light leakage)

00

100

0.1

©

100 100

100

10 30

0.1 0.13 0.1

O
@ ® ®

0.1

good good good good good good
O ) O )

c]

100

0.1

O
©

TABLE 4

Examples

Comparative Examples

[}

(7%

(A) Acrylic
copolymer

®)
Optically
anisotropic

compound

Preparation
Example 1
Preparation
Example 2
Preparation
Example 3
Preparation
Example
15
Preparation
Example
16
Preparation
Example
17
Preparation
Example
10

Multifunctional

crosslinking agent
Compatibility
Endurance Reliability
Uniformity of light

transmission (light
leakage)

100 100

15

0.1 0.1 0.

good good good good
o 0 0

100

20

6} €] X

1

100

0.

O

A

100

35

1 0.1

A
A

100

0.1

Crystallization ~ Crystallization
X
X
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[0162] As canbe seen from results shown in Tables 3 and 4,
in Examples 1 to 8 according to the present invention, com- TABLE 5
patibility, endurance reliability, and uniformity of light trans- Examples
mission (light leakage) are excellent. On the other hand, when
. . . . 9 10 11 12 13 14
an optically anisotropic compound was not added as in Com-
parative Example 1, uniformity of light transmission is poor, (A) Acrylic  Preparation 100 100
L. . . . copolymer  Example 4
resulting in light leakage. In Comparative Example 2, in spite Preparation 100 100
of good compatibility, the content of the optically anisotropic Exampl? 5 10 100
. . . reparation
compound used in the present invention was small, thereby Example 6
leading to unsatisfactory performance in uniformity of light (B) Optically  Preparation 3
. . . . . anisotropic  Example 10
transmission. In Comparative Example 3, the optically aniso- compound  Preparation 20
tropic compound was used in an excessive content. As a ];Xff’mple. 1 0s
. . T reparation .
result, there is some problem in endurance reliability, crys- Example 12
tallization occurs in the pressure-sensitive adhesive layer, and Er ePa”lltl‘g 15
e e o . . xample
positive birefringence resulting from the pressure-sensitive Preparation 5
adhesive increases, thereby causing the light leakage phe- ];Xff’mple. 14 ,
. reparation
nomenon. In Comparative Example 4, when a compound Example 15
having a substituent in a para position, which was prepared in Crosslinking agent or o1 o1 0l 01 Ol
. Compatibility good good good good good good
Preparation Example 17, was added, a large amount of crys- Endurance Reliability O 0 O O 0O 0O
tallization occurs in the pressure-sensitive adhesive layer, Uniformity of light CHENC © e ©o o
L T . . transmission (light leakage)
resulting in poor endurance reliability and poor uniformity of
light transmission.
TABLE 6
Example Comparative Examples
15 5 6 7 8 9 10
(A) Acrylic  Preparation 100 100 100
copolymer  Example 4
Preparation 100
Example 5
Preparation 100
Example 7
Preparation 100
Example 8
Preparation 100
Example 9
(B) Preparation 1 1
Optically Example
anisotropic 10
compound  Preparation 02 25
Example
11
Preparation 5
Example
16
Preparation 5
Example
17
Crosslinking agent 0.1 0.1 01 01 01 01 0.1
Compatibility good good good good good good Crystallization
Endurance Reliability O O O C O O X
Uniformity of light ©] X A A A A X

transmission (light

leakage)
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[0163] Ascanbe seen from results shown in Tables 5 and 6,
in Examples 9 to 15 according to the present invention, com-
patibility, endurance reliability, and uniformity of light trans-
mission (light leakage) are good. On the other hand, as in
Comparative Example 5, when an optically anisotropic com-
pound was not added, light leakage occurs due to poor uni-
formity of light transmission. In Comparative Example 6, in
spite of good compatibility, the content of the optically aniso-
tropic compound used in the present invention was small,
thereby leading to unsatisfactory performance in uniformity
of light transmission. In Comparative Example 7, the opti-
cally anisotropic compound was used in an excessive amount,
whereby the positive birefringence of the pressure-sensitive
adhesive increases under residual stress and thus light leakage
becomes severe. In Comparative Example 8, the content of
aromatic acrylic ester is small, resulting in light leakage. In
Comparative Example 9, aromatic acrylic ester is used in an
excessive amount, whereby the positive birefringence of the
pressure-sensitive adhesive increases under residual stress
and thus light leakage becomes severe. In Comparative
Example 10, when a compound having a substituent in a para
position, which was prepared in Preparation Example 17, was
added, a large amount of crystallization occurs in the pres-
sure-sensitive adhesive layer, thereby resulting in poor endur-
ance reliability and poor uniformity of light transmission.

1. An acrylic pressure-sensitive adhesive composition,
comptising:

(A) acrylic copolymer; and

(B) an optically anisotropic compound comprising one or

more substituents containing one of an alkyl group, an
alkenyl group, and an alkynyl group ina meta position of
mesogel.

2-9. (canceled)

10. The acrylic pressure-sensitive adhesive composition of
claim 1, wherein the acrylic copolymer (A) is an aromatic
group-containing acrylic copolymer.

11. The acrylic pressure-sensitive adhesive composition of
claim 10, wherein the aromatic group-containing acrylic
copolymer comprises:

i) a (meth)acrylic acid ester monomer having an alkyl

group of 1 to 14 carbon atoms;

R;—X, Qi
Qs
Ry— )
Q Qs
Qs Q7
Qs Qo

Quo Qu
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ii) a crosslinking functional group-containing monomer;
and
1i1) an aromatic group-containing acrylic monomer that can
be copolymerized with the (meth)acrylic acid ester
monomet.
12. (canceled)
13. The acrylic pressure-sensitive adhesive composition of
claim 11, wherein the aromatic group-containing acrylic
monomer iii) is a compound expressed by Formular 1:

[Formular 1]
Ry

I
CH,=C—C0—(OR),—X—Ar,

where R, indicates hydrogen or a methyl group,

R, indicates an alkylene group of 1 to 12 carbon atoms,

n indicates an integer of 0 to 3,

X indicates oxygen, sulfur, or an alkylene group of 1 to 4

carbon atoms, and

Arindicates an aromatic group unsubstituted or substituted

with halogen or alkyl of 1 to 12 carbon atoms.

14. The acrylic pressure-sensitive adhesive composition of
claim 13, wherein the compound expressed by Formular 1 is
one or more kinds selected from a group consisting of phe-
noxy ethyl(meth)acrylate, benzyl(meth)acrylate, 2-phe-
nylthio-1-ethyl(meth)acrylate, 6-(4,6-dibromo-2-isoprophyl
phenoxy)-1-hexyl(meth)acrylate, 6-(4,6-dibromo-2-sec-bu-
tyl phenoxy)-1-hexyl(meth)acrylate, 2,6-dibromo-4-non-
vlphenyl(meth)acrylate, 2,6-dibromo-4-dodecyl phenyl
(meth)acrylate,  2-(1-naphtyloxy)-1-ethyl(meth)acrylate,
2-(2-naphtyloxy)-1-ethyl(meth)acrylate, 6-(1-naphtyloxy)-
1-hexyl(meth)acrylate, 6-(2-naphtyloxy)-1-hexyl (meth)
acrylate, 8-(1-naphtyloxy)-1-octyl(meth)acrylate, and 8-(2-
naphtyloxy)-1-octyl (meth)acrylate.

15-17. (canceled)

18. The acrylic pressure-sensitive adhesive composition of
claim 1, wherein the optically anisotropic compound (B)
comprising one or more substituents containing one of an
alkyl group, an alkenyl group, and an alkynyl group in a meta
position of mesogen is expressed by Formular 2:

[Formular 2]

Xy Q

7I—7
w_J N\
_<Z=Z>_

7—7Z

or /N
~ )
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-continued
Q2 Qi3
7—1
O~
=1
Qu Qis
ZisC—WorN;

Q, through Q,5, and W are, independently of one another,
hydrogen, halogen, cyano, —R,, —OR,, —NR.R; or
—C(—O0)Rs, respectively, and

1, m, and n are, independently of one another, an integer of
0 to 3, and l+m+n is an integer of 1 or over; and

Y, Gy, G,, X, and X, are, independently of one another, a
single bond, —O—, —NR,— —S—, —SO—,
—S0,—, C,-C; alkylene, C,-C, alkenylene, C,-Cg
alkynylene, or —U-T-V—, respectively,

wherein -T- indicates carbonyl (—C(—0)—), U and V
indicate a single bond, —O—, —NR,—, —S—,
—(CH,),—, —O(CH;),—, —(CH,),0—, respec-
tively, and p indicates an integer of 1 to 5,

E indicates hydrogen, halogen, cyano, —NCO, —NCS,
—R,, or —OR, and

R;, Ry, and R, indicate, independently of one another,
hydrogen, C,-C,, alkyl unsubstituted or substituted with
one or more halogens, C,-C,, alkenyl unsubstituted or
substituted with one or more halogens, C,-C,, alkynyl
unsubstituted or substituted with one or more halogens,
or —(R40) R, in which R indicates C,-C; alkylene,
R, indicates C,-C, alkyl, and q indicates an integer of 1
to 5butis not included if both of R, and R, are hydrogen
at the same time.

19. The acrylic pressure-sensitive adhesive composition of
claim 18, wherein in the compound expressed by Formular 2,
Y, G,, and G, are, independently of one another, a single
bond, —O—, —NR,—, —S—, —S0—,—S0,—,—(CH,)
,— —CH=CH— —C(=0)0— —OC=0)—,
—C(=0)—,—C(=O)NR,—, —NR,C(—0)—,—C(=0)
S— —SC=0)— —CE=O)O(CH,),— —OCE=0)
(CH,),— —(CH,),0C(=0)—, or —(CH,),C(=0)0—,
respectively, and p indicates an integer of 1 to 5.

20. The acrylic pressure-sensitive adhesive composition of
claim 18, wherein in the compound expressed by Formular 2,
G, and G, are, independently of each another, a single bond,
—CH=—CH—, or —C=C—, respectively.

21. The acrylic pressure-sensitive adhesive composition of
claim 18, wherein in the compound expressed by Formular 2,
X, and X, are, independently of each other, a single bond,
—0—, —NR;— —S—, —80—, —S0,—, —(CH,),—,
—C(=0)NR;—, —NR,C(—0)—, —NR,C(—=O)NR,—,
—C(=0)0—, —OC(=0)—, or —OC(=0)O—, respec-
tively, and p indicates an integer of 1 or 2.

22. The acrylic pressure-sensitive adhesive composition of
claim 18, wherein in the compound expressed by Formular 2,
R,andR, are C;-C, , alkyl, C,-C , alkenyl, or C,-C, , alkynyl
of linear or branch type, unsubstituted or substituted with one
or more halogens, respectively.

23. The acrylic pressure-sensitive adhesive composition of
claim 18, wherein in the compound expressed by Formular 2,
R;, Ry, and R, are, independently of one another,

19
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—(CH,CH,0),CH, —(CH,CHCH,0),CHs, or
—(CHCH;CH,0),CHs, respectively, and q indicates an inte-
gerof 1to 5.

24. The acrylic pressure-sensitive adhesive composition of
claim 1, wherein the content of the optically anisotropic com-
pound (B) comprising one or more substituents containing
one of an alkyl group, an alkenyl group, and an alkynyl group
in ameta position of mesogen is 5 to 30 parts by weight based
on 100 parts by weight of the acrylic copolymer (A).

25. The acrylic pressure-sensitive adhesive composition of
claim 1, further comprising (C) alow molecular weight mate-
rial having a weight average molecular weight of 1,000 to
30,000 or a plasticizer.

26. The acrylic pressure-sensitive adhesive composition of
claim 25, wherein the low molecular weight material (C)
having a weight average molecular weight of 1,000 to 30,000
1s a (meth)acrylic acid ester monomer having an alkyl group
of 1 to 14 carbon atoms.

27. The acrylic pressure-sensitive adhesive composition of
claim 25, wherein the plasticizer (C) is one or more selected
from a group consisting of a phthalic acid-based plasticizer, a
fatty acid ester-based plasticizer, a phosphoric ester-based
plasticizer, an epoxy-based plasticizer, a trimellitate-based
plasticizer, a pyromellitate-based plasticizer, a benzoic acid-
based plasticizer, a polyester-based plasticizer, and a sulfonic
acid ester-based plasticizer.

28. (canceled)

29. The acrylic pressure-sensitive adhesive composition of
claim 1, further comprising a multifunctional crosslinking
agent.

30. The acrylic pressure-sensitive adhesive composition of
claim 29, wherein the multifunctional crosslinking agent is
one or more kinds selected from a group consisting of an
isocyanate compound, an epoxy compound, an aziridine
compound, and a metal chelate compound.

31-39. (canceled)

40. A polarizer comprising:

a polarization film; and

a pressure-sensitive adhesive layer formed on one side or

both sides of the polarization film and containing the
pressure-sensitive adhesive composition according to
claim 1

41. The polarizer of claim 40, wherein the polarizer com-
prises a layer of one or more kinds selected from a group
consisting of a protective layer, a reflective layer, a phase
retardation film, a compensation film for wide view angle,
and a brightness enhancing film.

42. A liquid crystal display (LCD) device comprising a
liquid crystal panel in which the polarizer according to claim
40 is attached onto one side or both sides of a liquid crystal
cell.
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