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(7) ABSTRACT

A liquid crystal composition having negative dielectric
anisotropy, large refractive index anisotropy, and low vis-
cosity and containing as a first component, one or two or
more compounds represented by general formula (I) and, as
a second component, one or two or more compounds rep-
resented by general formula (IT), wherein dielectric anisot-
ropy (Ae) at 25° C. is -2.0 or less. Also, a liquid crystal
display device having high contrast, fast response, and
excellent display quality without causing image sticking and
display defects.

8 Claims, No Drawings



US 10,316,251 B2
Page 2

(56) References Cited

U.S. PATENT DOCUMENTS

2006/0011888 Al 1/2006
2006/0182897 Al 8/2006
2007/0007493 Al 1/2007
2007/0012898 Al 1/2007
2008/0011984 Al 1/2008
2008/0075891 Al 3/2008
2008/0121843 Al 5/2008
2009/0090892 Al 4/2009
2009/0103011 Al 4/2009
2009/0206300 Al 8/2009
2009/0242835 Al 10/2009
2009/0309066 Al  12/2009
2009/0324853 Al 12/2009
2010/0134751 Al 6/2010
2010/0272925 Al 10/2010
2011/0063553 Al 3/2011
2011/0101270 Al 5/2011
2011/0248216 Al 10/2011
2011/0255048 Al 10/2011
2011/0272631 Al 11/2011
2012/0229744 Al 9/2012
2012/0268706 A1 10/2012
2013/0027654 Al 1/2013
2014/0010973 Al 1/2014
2014/0022473 Al 1/2014
2014/0027671 Al 1/2014
2014/0183400 Al 7/2014
2014/0226119 Al 8/2014
2015/0286081 Al  10/2015

Reiffenrath et al.
Saito et al.
Hattori et al.
Saito et al.
Fujita et al.
Goto et al.
Heckmeier et al.
Fujita et al.
Bernatz et al.
Satou et al.
Fujita et al.

Klasen-Memmer et al.

Bernatz et al.

Klasen-Memmer et al.

Goetz et al.
Hanaoka et al.
Manabe et al.

Klasen-Memmer et al.

Goetz et al.
Saito

Hattori et al.
Goebel et al.
Fujita et al.
Gotoh et al.
Goetz et al.
Goto et al.
Gotoh et al.
Kuriyama et al.
Kuriyama et al.

FOREIGN PATENT DOCUMENTS

CN 101356251 A
CN 101418220 A
CN 102015963 A
DE 10117224 Al
DE 102008064171 Al
EP 1970362 Al
Jp 06-235925 A
Jp H6238925 A
Jp 9-124529 A
Jp HO124529 A
Jp 2002-357830 A
Jp 2003-327965 A
Jp 2006-502205 A
Jp 2006-169472 A
Jp 2006-225450 A
Jp 2007-023095 A
Jp 2007-031694 A
Jp 2007-246534 A

1/2009
4/2009
4/2011
2/2002
7/2010
9/2008
8/1994
8/1994
5/1997
5/1997
12/2002
11/2003
1/2006
6/2006
8/2006
2/2007
2/2007
9/2007

Jp 2008-088164 A 4/2008
Jp 2008-285570 A 11/2008
Jp 2010-256904 Al  11/2010
Jp 2014-043561 A 3/2014
Jp 2014-141648 A 8/2014
KR 2010-0117030 A 11/2010
KR 2012-0120992 A 11/2012
™ 200718776 A 5/2007
™ 200819520 A 5/2008
™ 200927892 A 7/2009
™ 200930797 A 7/2009
™ 201031735 A 9/2010
™ 201033337 A 9/2010
W 201033338 A 9/2010
W 201111482 A 4/2011
W 201124512 A 7/2011
™™ 201247625 A 12/2012
™™ 1452119 B 9/2014
™ 1597352 B 9/2017
WO 96/32365 A 10/1996
WO 2007/077872 Al 7/2007
WO 2007/108307 Al 9/2007
WO 2011/055643 Al 5/2011
WO 2014/006963 Al 1/2014
OTHER PUBLICATIONS

Office Action dated Apr. 3, 2014, issued in Chinese Patent Appli-
cation No. 201280003458.1.

Office Action dated Apr. 3, 2014, issued in Taiwanese Patent
Application No. 101130192.

International Search Report of PCT/JP2012/070838 dated Oct. 2,
2012, with form PCT/ISA/220 and PCT/ISA/237, with partial
English translation.

International Search Report dated Jan. 7, 2014, issued in application
No. PCT/JP2013/080023.

Office Action dated Dec. 16, 2013, issued in corresponding Tai-
wanese application No. 101130192. (4 pages).

Office Action dated Feb. 25, 2015, issued in counterpart Korean
application No. 10-2014-7026858, with English translation. (7
pages).

Office Action dated Dec. 21, 2017, issued in counterpart Japanese
application No. 2014-041639, with English translation. (11 pages).
Office Action dated May 8, 2018, issued in counterpart Japanese
application No. 2014-041639, with English translation. (8 pages).
Chen, Robert H., “Liquid Crystal Displays: Fundamental Physics
and Technology”, John Wiley & Soons, Inc., National Taiwan
University, 2011, First Edition, 16 pages.

Office Action dated Oct. 29, 2018, issued in counterpart Korean
Application No. 10-2015-7033720, with English translation (12
pages).

* cited by examiner



US 10,316,251 B2

1

NEMATIC LIQUID CRYSTAL
COMPOSITION AND LIQUID CRYSTAL
DISPLAY DEVICE USING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Divisional of U.S. patent application
Ser. No. 14/773,067. filed on Sep. 4, 2015, which is a § 371
National Stage Application of PCT International Application
No. PCT/IP2013/079561 filed on Oct. 31, 2013, which is
based upon and claims the benefit of priority from the prior
Japanese Patent Application No. 2013-043988, filed on Mar.
6, 2013, the entire contents of which are incorporated herein
by reference.

TECHNICAL FIELD

The present invention relates to a nematic liquid crystal
composition useful as a liquid crystal display material and
exhibiting a negative value of dielectric anisotropy (Ae), and
also relates to a liquid crystal display device using the
composition.

BACKGROUND ART

Liquid crystal display devices have been used for watches
and electronic calculators, various measuring apparatuses,
automotive panels, word processors, electronic notebooks,
printers, computers, televisions, watches, advertising dis-
plays, etc. Typical examples of a liquid crystal display mode
include a TN (twisted nematic) mode, a STN (super twisted
nematic) mode, a VA (vertical alignment) mode using TFT
(thin-film transistor), an IPS (in-plane switching) mode, and
the like. Liquid crystal compositions used for these liquid
crystal display devices are required to have stability to
external stimuli such as moisture, air, heat, light, and the
like, exhibit a liquid crystal phase within as wide a tem-
perature range as possible including room temperature as a
center, and have low viscosity and low drive voltage.
Further, each of the liquid crystal compositions is composed
of several types to several tens types of compounds in order
to have optimum values of dielectric anisotropy (Ag) and/or
refractive index anisotropy (An) for a display device.

A vertical alignment-mode display uses a liquid crystal
composition having negative Ae and is widely used for
liquid crystal TV etc. On the other hand, low-voltage driv-
ing, fast response, and a wide operating temperature range
are required for all driving methods. That is, a large absolute
value of Ag, low viscosity (1), and a high nematic-isotropic
liquid phase transition temperature (T,,) are required. Also,
in view of setting of Anxd which is the product of An and a
cell gap (d), it is necessary to adjust An of a liquid crystal
composition within a proper range according to the cell gap.
In addition, when a liquid crystal display device is applied
to a television or the like, fast response is regarded as
important, and thus a liquid crystal composition having low
¥, is required. In particular, the necessity to decrease vis-
cosity and, at the same time, increase An has recently arisen
for decreasing a cell gap to achieve fast response. Therefore,
Patent Literature 1 and Patent Literature 2 already disclose
liquid crystal compositions using a compound having a
fluorine-substituted ter-phenyl structure.

On the other hand, in order to practically use a liquid
crystal composition for a liquid crystal display device, the
liquid crystal composition is required to cause no defect in
display quality. In particular, a liquid crystal composition
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used in an active matrix drive liquid crystal display device
which is driven by TFT elements or the like is required to
have high resistivity value or high voltage holding ratio. In
addition, it becomes necessary to be stable for external
stimuli such as light, heat, and the like. Accordingly, an
antioxidant for improving stability for heat and a liquid
crystal composition using the antioxidant are disclosed
(refer to Patent Literature 3 and Patent Literature 4), but the
stability is not necessarily satisfactory. In particular, liquid
crystal compounds having large An have relatively low
stability for light and heat, and thus quality stability of
compositions is not satisfactory.

Further, with expanding application of liquid crystal dis-
play devices, significant changes are found in use method
and manufacturing method thereof. In order to cope with
these changes, it is demanded to optimize characteristics
other than basic physical property values which have been
known. That is, VA (vertical alignment)-mode and IPS
(in-plane switching)-mode liquid crystal display devices
using liquid crystal compositions are widely used, and
supersized liquid crystal devices of 50 inches or more are put
into practical application. With increases in substrate size,
instead of a usual vacuum injection method, a one drop fill
(ODF) method becomes the mainstream of a method of
injecting a liquid crystal composition into a substrate (refer
to Patent Literature 5). However, when a liquid crystal
composition is dropped on a substrate, the problem of
degrading display quality by dropping marks is surfaced.
Further, for the purpose of forming a pre-tilt angle of a liquid
crystal material in a liquid crystal display device and of
achieving fast response, a PS liquid crystal display device
(polymer stabilized) and a PSA liquid crystal display device
(polymer sustained alignment) are developed (refer to Patent
Literature 6), but the problem of dropping marks becomes a
larger problem. That is, these display devices are character-
ized by adding a monomer to a liquid crystal composition
and curing the monomer in the composition, and, in many
cases, the monomer is cured by irradiating the composition
with ultraviolet light. Therefore, when a component having
low stability for light is added, a decrease in resistivity value
or voltage holding ratio is caused and, in some causes, the
occurrence of dropping marks is induced at the same time,
thereby causing the problem of degrading the yield of liquid
crystal display devices due to display defects.

Accordingly, there is demand for development of a liquid
crystal display device having high stability to light, heat, and
the like and causing little display defects such as image
sticking, dropping marks, and the like while maintaining the
characteristics and performance, such as fast response and
the like, which are required for liquid crystal display
devices. There is also demand for development of a liquid
crystal display device causing little display defects such as
image sticking, dropping marks, and the like even in a
vertical alignment-mode display in which alignment is con-
trolled by a general vertical alignment film, not in a mode in
which a polymer layer is formed in a liquid crystal layer
formed by polymerizing a polymerizable compound.

CITATION LIST
Patent Literature

PTL 1: Japanese Unexamined Patent Application Publi-
cation No. 2003-327965

PTL 2: WO 2007/077872

PTL 3: Japanese Unexamined Patent Application Publi-
cation No. 9-124529
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PTL 4: Japanese Unexamined Patent Application Publi-
cation No. 2006-169472
PTL 5: Japanese Unexamined Patent Application Publi-
cation No. 6-235925
PTL 6: Japanese Unexamined Patent Application Publi-
cation No. 2002-357830

SUMMARY OF INVENTION
Technical Problem

A problem to be solved by the invention is to provide a
liquid crystal composition having negative Ae, a liquid
crystal phase over a wide temperature range, low viscosity,
good solubility at a low temperature, high resistivity and
voltage holding ratio, and stability to heat and light, and
further provide, by using the liquid crystal composition, a
VA-mode or PSVA-mode liquid crystal display device hav-
ing good display quality and causing little display defects
such as image sticking, dropping marks, and the like. In
particular, the problem is solved by a liquid crystal compo-
sition containing, as a component, a compound having a
polar group-containing biphenyl moiety.

Solution to Problem

As a result of research on various liquid crystal com-
pounds and various chemical substances, the inventors of
the present invention found that the problem can be solved
by combining specified compounds, leading to the achieve-
ment of the present invention.

The present invention provides a nematic liquid crystal
composition containing, as a first component, one or two or
more compounds represented by general formula (I)

[Chem. 1]

o
C(CHz)3

R'—M! OH

C(CHz)3

(in the formula, R' represents a linear alkyl group or
branched alkyl group having 1 to 24 carbon atoms, one or
two or more CH, groups in the alkyl group may be substi-
tuted by —O—, —CO—, —OCO—, or —COO— so0 that
oxygen atoms are not directly adjacent to each other, and M
represents a trans-1,4-cyclohexylene group, a 1,4-phenylene
group, or a single bond), and, as s second component, one or
two or more compounds represented by general formula (II)

[Chem. 2]

o

Xll XZZ X23 X24

© . O O .
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(in the formula, R** and R** each independently represent an
alkyl group or alkoxy group having 1 to 10 carbon atoms or
an alkenyl group having 2 to 10 carbon atoms, X** to X**
each independently represent a hydrogen atom or a fluorine
atom, and at least one of X! to X** represents a fluorine
atom), wherein dielectric anisotropy (Ag) is =2.0 or less, and
further provides a liquid crystal display device using the
liquid crystal composition.

Advantageous Effects of Invention

A liquid crystal composition having negative Ae accord-
ing to the present invention can have significantly low
viscosity and exhibits good solubility at a low temperature,
and very small changes in resistivity and voltage holding
ratio with heat and light, and thus has high practicability for
products, and a VA-mode or PSVA-mode liquid crystal
display device using the liquid crystal composition can
achieve fast response and suppresses display defects, and is
very useful.

DESCRIPTION OF EMBODIMENTS

In a liquid crystal composition of the present invention, in
a compound used as a first component and represented by
general formula (I),

[Chem. 3]

@
C(CHz);

R!—M! OH

C(CHz)3

R! represents a linear alkyl group or branched alkyl group
having 1 to 24 carbon atoms, one or two or more CH,, groups
in the alkyl group may be substituted by —O—,
—CH=CH—, —CO—, —0CO—, —C00—, —C=C—,
—CF,0—, or —OCF,— so that oxygen atoms are not
directly adjacent to each other, a linear alkyl group or linear
alkoxy group having 1 to 10 carbon atoms, a linear alkyl
group in which one CH, group is substituted by —OCO—
or —COO—, a branched alkyl group, a branched alkoxy
group, and a branched alkyl group in which one CH, group
is substituted by —OCO— or —COO— are preferred, and
a linear alkyl group having 1 to 24 carbon atoms, a linear
alkyl group in which one CH, group is substituted by
—O0CO— or —COO—, a branched alkyl group, a branched
alkoxy group, and a branched alky] group in which one CH,
group is substituted by —OCO— or —COO— are more
preferred. M" represents a trans-1,4-cyclohexylene group, a
1,4-phenylene group, or a single bond, and a trans-1,4-
cyclohexylene group or a 1,4-phenylene group is preferred.

More specifically, compounds represented by general

formula (I-a) to general formula (I-d) below are preferred as
the compound represented by the general formula (I).
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[Chem. 4]

(I-a)
C(CHz)s

RU OH

&

C(CHz)3

{-b)
C(CHs)s

OH

~
=
|
o
I
O=0
)

C(CHz);

(I-0)
C(CHz);

OH

;

C(CHz);

(I-d)
C(CHz);

RB OH

:

C(CHz);

In the formulae, R™ is preferably a linear alkyl group or
branched alkyl group having 1 to 10 carbon atoms, R is
preferably a linear alkyl group or branched alkyl group
having 1 to 20 carbon atoms, R*? is preferably a linear alkyl
group, branched alkyl group, linear alkoxy group, or
branched alkoxy group having 1 to 8 carbon atoms, and L'
is preferably a linear alkylene group or branched alkylene
group having 1 to 8 carbon atoms. Among the compounds
represented by the general formula (I-a) to the general
formula (I-d), the compounds represented by the general
formula (I-c) and the general formula (I-d) are more pre-
ferred.

The liquid crystal composition of the present invention
preferably contains one or two compounds represented by
the general formula (I) and more preferably one to five
compounds, and the content thereof is preferably 0.001% to
1% by mass, more preferably 0.001% to 0.1% by mass, and
particularly preferably 0.001% to 0.05% by mass.

In a compound used as a second component and repre-
sented by general formula (1I),

[Chem. 5]

n

Xll XZZ X23 X24

Rl | ' O O R22
21

n

R?! and R*? each independently represent an alkyl group or
alkoxy group having 1 to 10 carbon atoms, or an alkenyl
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group having 2 to 10 carbon atoms. X' to X** each
independently represent a hydrogen atom or a fluorine atom,
and at least one of X?! to X** represents a fluorine atom.

More specifically, compounds represented by general
formula (II-a) to general formula (II-f) below are preferred
as the compound represented by the general formula (ID).

[Chem. 6]

(IL-)

R21 R22

(II-b)

[

RZ 1 RZ

(Il-c)

i
i

[

RZI RZ

(II-d)

les]

Rl 1 RZZ

(Il-¢)

5]
i
5]

RZ 1 RZZ

(I

o]
5]
i
5]

RZ 1 RZZ

(In the formulae, R*' and R** each independently repre-
sent an alkyl group or alkoxy group having 1 to 10 carbon
atoms, or an alkenyl group having 2 to 10 carbon atoms.)

Among the compounds represented by general formula
(lI-a) to general formula (II-f), the compounds represented
by general formula (II-a), general formula (II-c), and general
formula (I-d) are more preferred.

The liquid crystal composition of the present invention
contains at least one compound represented by the general
formula (I), preferably contains one to ten compounds, and
particularly preferably contains one to five compounds, and
the content thereof is preferably 5% to 50% by mass and
more preferably 5% to 40% by mass.

The liquid crystal composition of the present invention
can further contain a compound selected from a compound
group represented by general formula (IIT).
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[Chem. 7]

R314<:>—$M313 = 13
n

In a compound represented by the formula (II), R** and
R*? each independently represent an alkyl group or alkoxy
group having 1 to 10 carbon atoms or an alkenyl group
having 2 to 10 carbon atoms. M>! represents a trans-1,4-
cyclohexlene group. L*' represents a single bond,
—CH,CH,—, or —CH,0—. n*" represents 0 or 1.

The present invention can contain a compound repre-
sented by the general formula (IIT), preferably contains one
to ten compounds, and particularly preferably one to eight
compounds, and the content thereof is preferably 5% to 50%
by mass and more preferably 5% to 30% by mass.

The liquid crystal composition of the present invention
can further contain a compound selected from a compound
group represented by general formula (IV-a) to general
formula (IV-d).

[Chem. 8]
(IV-a)
(IV-b)
(IV-¢)
R4SO_Q_Q R46
(IV-d)

(In the formulae, R*' to R*® each independently represent
an alkyl group or alkoxy alkyl group having 1 to 10 carbon
atoms or an alkenyl group having 2 to 10 carbon atoms.)

The present invention can contain a compound selected
from the compound group represented by the general for-
mula (IV-a) to the general formula (IV-d), preferably con-
tains one to ten compounds, and particularly preferably one
to eight compounds, and the content thereof is preferably 5%
to 80% by mass, more preferably 10% to 70% by mass, and
particularly preferably 20% to 60% by mass.

The liquid crystal composition of the present invention
preferably contains the compounds represented by the gen-
eral formula (I), the general formula (1I), the general formula
(IIl), the general formula (IV-a) to the general formula
(IV-d), and the general formula (V) at a total content of 90%
to 100% by mass and more preferably 95% to 100% by
mass.

The liquid crystal composition of the present invention
preferably has a Ae at 25° C. of -2.0 to -6.0 and more
preferably -2.5 to -5.5. In addition, An at 25° C. is prefer-
ably 0.08 to 0.14, more preferably 0.09 to 0.13, and par-
ticularly preferably 0.09 to 0.12. In further detail, in corre-
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8

spondence to a thin cell gap, An at 25° C. is preferably 0.10
to 0.13, while in correspondence to a thick cell gap, An at
25° C. is preferably 0.08 to 0.10. Further, n at 20° C. is
preferably 10 to 30 mPa's, more preferably 10 to 25 mPas,
and particularly preferably 10 to 22 mPas, and T, is
preferably 60° C. to 120° C., more preferably 70° C. to 100°
C., and particularly preferably 70° C. to 85° C.

Besides the above-described compounds, the liquid crys-
tal composition of the present invention may further contain
a usual nematic liquid crystal, smectic liquid crystal, cho-
lesteric liquid crystal, or polymerizable monomer.

The liquid crystal composition of the present invention
can contain a polymerizable compound for manufacturing a
PS-mode, PSA-mode, or PSVA-mode liquid crystal display
device. Examples of the polymerizable compound which
can be used include photopolymerizable monomers sub-
jected to polymerization which proceeds with energy rays
such as light, and polymerizable compounds having as a
structure a liquid crystal skeleton in which a plurality of
six-member rings are connected to each other, for example,
a biphenyl derivative, a terphenyl derivative, or the like.
More specifically, a difunctional monomer represented by
general formula (V) is preferred.

[Chem. 9]
V)

H O_SPI_D_MSI_ZSI_O_SPZ_O >_<
x> 0 0 X2,

(In the formula, X°* and X3 each independently represent
a hydrogen atom or a methyl group,
Sp' and Sp? each independently represent a single bond, an
alkylene group having 1 to 8 carbon atoms, or —O—
(CH,),— (wherein s represents an integer of 2 to 7, and an
oxygen atom is bonded to an aromatic ring),

7> represents —OCH,—, —CH,0—, —COO0O—,
-0c0—, —CF,0—, —OCF,—, —CH,CH,—,
—CF,CF,—, ~ —CH=CH—C00—, —CH=CH—
0CO—, —COO—CH—CH—, —OCO—CH—CH—,
—CO0—CH,CH,—, —OCO—CH,CH,—, —CH,CH,—
COO—, —CH,CH,—0CO—, —CO0—CH,—,
—0CO—CH,—, —CH,—CO0—, —CH,—0CO—,

—CY'—=CY*— (wherein Y' and Y? each independently
represent a fluorine atom or a hydrogen atom), —C=C—, or
a single bond, M>' represents a 14-phenylene group, a
trans-1,4-cyclohexylene group, or a single bond, and any
hydrogen atom of all 1,4-phenylene groups in the formula
may be substituted by a fluorine atom.)

Fither a diacrylate derivative in which X*! and X°* both
represent hydrogen atoms or a dimethacrylate derivative in
which X' and X°2 both represent methyl groups is pre-
ferred, and a compound in which one of X°! and X*
represents a hydrogen atom, and the other represents a
methyl group is also preferred. Among these compounds, the
diacrylate derivative has the highest polymerization rate, the
dimethacrylate derivative has a lower polymerization rate,
and an asymmetric compound has a medium polymerization
rate between them. A preferred form can be used according
to application. The dimethacrylate derivative is particularly
preferred for a PSA display device.

Sp* and Sp” each independently represent a single bond,
an alkylene group having 1 to 8 carbon atoms, or —O—
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(CH,),—, but at least one of Sp* and Sp? is preferably a
single bond for a PSA display device. Specifically, a com-
pound in which Sp* and Sp? both represent single bonds or
a form in which one represents a single bond, and the other
represents an alkylene group having 1 to 8 carbon atoms, or
—O—(CH,),— is preferred. In this case, a 1-4 alkyl group
is preferred, and s is preferably 1 to 4.

27" is preferably —OCH,—, —CH,0—, —COO—,
—0C0—, —CF,0—, —OCF,— —CH,CH,—,
—CF,CF,—, or a single bond, more preferably —COO—,

—OCO—, or a single bond, and particularly preferably a
single bond.

M>" represents a 1,4-phenylene group in which a desired
hydrogen atom may be substituted by a fluorine atom, a
trans-1,4-cyclohexylene group, or a single bond, but a
1,4-phenylene group or a single bond is preferred. When C
represents a ring structure other than a single bond, 7" is
also preferably a linkage group other than a single bond, and
when M*! is a single bond, Z°" is preferably a single bond.

In view of the above, specifically, a ring structure between
Sp' and Sp? in the general formula (V) is preferably a
structure described below.

In the general formula (V), when M>! represents a single
bond, and the ring structure includes two rings, the ring
structure is preferably represented by formula (Va-1) to
formula (Va-5), more preferably represented by formula
(Va-1) to formula (Va-3). and particularly preferably repre-
sented by formula (Va-1).

[Cherm. 10]
(Va-1)
(Va-2)
. . F
(Va-3)
. F .
(Va-4)
F F
(Va-5)

i
les]

5

(in the formulae, each end is bonded to Sp* or Sp?).

A polymerizable compound having such a skeleton has,
after polymerization, alignment regulating force optimum
for a PSA-mode liquid crystal display device, and thus a
good alignment state can be achieved, thereby suppressing
display unevenness or causing no display unevenness.

In view of the above, polymerizable monomers of general
formula (V-1) to general formula (V-4) are particularly
preferred, and general formula (V-2) is most preferred.

[
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[Chem. 11]

WW

(V-4)

(In the formulae, Sp* represents an alkylene group having 2
to 5 carbon atoms.)

When the monomer is added to the liquid crystal com-
position of the present invention, polymerization proceeds
even in the absence of a polymerization initiator, but the
polymerization initiator may be added for accelerating
polymerization. Examples of the polymerization initiator
include benzoin ethers, benzophenones, acetophenones,
benzylketals, acylphosphine oxides, and the like.

The liquid crystal composition containing the polymeriz-
able compound of the present invention is imparted with a
liquid crystal alignment ability when the polymerizable
compound contained is polymerized by irradiation with
ultraviolet light, and is used for a liquid crystal display
device in which a quantity of light transmitted is controlled
by using birefringence of the liquid crystal composition. The
liquid crystal composition is useful for liquid crystal display
devices, such as AM-LCD (active matrix liquid crystal
display device), TN (nematic liquid crystal display device),
STN-LCD (super twisted nematic liquid crystal display
device), OCB-LCD, and IPS-LCD (in-plane switching lig-
uid crystal display device) particularly useful for AM-LCD,
and can be used for transmissive or reflective liquid crystal
display devices.

Two substrates of a liquid crystal cell used in a liquid
crystal display device can be formed by using a transparent
material with flexibility, such as glass or plastic, and one of
the two substrates may be made of an opaque material such
as silicon or the like. A transparent substrate including a
transparent electrode layer can be formed by sputtering
indium tin oxide (ITO) on a transparent substrate such as a
glass plate or the like.

A color filter can be formed by, for example, a pigment
dispersion method, a printing method, an electrodeposition
method, a dyeing method, or the like. The method for
forming a color filter by the pigment dispersion method is
described as an example. A curable colored composition for
a color filter is applied on the transparent substrate, pat-
terned, and then cured by heating or light irradiation. This

v-D
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process is performed for each of the three colors of red,
green, and blue, thereby forming a pixel portion for a color
filter. In addition, a pixel electrode provided with an active
element such as TFT, a thin-film diode, a metal-insulator-
metal resistivity element, or the like may be installed on the
substrate.

The substrates are opposed to each other so that the
transparent electrode layers face inward. In this case, the gap
between the substrates may be adjusted through a spacer.
The resulting light control layer is preferably adjusted to
have a thickness of 1 to 100 pm. The thickness is more
preferably 1.5 to 10 um, and when a polarizing plate is used,
the product of refractive index anisotropy An of a liquid
crystal and cell thickness d is preferably adjusted to maxi-
mize contrast. When two polarizing plates are used, an angle
of view and contrast can be improved by adjusting the
polarizing axis of each of the polarizing plates. Further, a
retardation film can be used for widening the angle of view.
Examples of the spacer include glass particles, plastic par-
ticles, alumina particles, photoresist materials, and the like.
Then, a sealing agent such as an epoxy-based curable
composition or the like is screen-printed in a form having a
liquid crystal inlet on each of the substrates, the substrates
are bonded together, and then the sealing agent is thermally
cured by heating.

A usual vacuum injection method or ODF method can be
used as a method for holding the liquid crystal composition
containing the polymerizable compound between the sub-
strates, but the vacuum injection method has the problem of
leaving injection marks, in spite of causing no dropping
marks. However, the present invention can preferably use
the ODF method in a process for manufacturing a liquid
crystal display device.

Since an appropriate polymerization rate is desired for
achieving good liquid crystal-aligning performance, a pre-
ferred method of polymerizing the polymerizable compound
is a polymerization method in which the compound is
polymerized by irradiation with one or combination of two
or more of active energy rays such as ultraviolet light,
electron beams, and the like, or by sequential irradiation
with these active energy rays. When ultraviolet light is used,
either a polarized light source or an unpolarized light source
may be used. When the liquid crystal composition contain-
ing the polymerizable compound is polymerized in a state of
being held between the two substrates, at least the substrate
on the irradiation surface side must be imparted with trans-
parency to the active energy rays. In addition, another
method may be used, in which only a specified portion is
polymerized by using a mask during light irradiation, and
then the alignment state of an unpolymerized portion is
changed by changing a condition such as an electric field, a
magnetic field, or a temperature, followed by further polym-
erization by irradiation with active energy rays. In particular,
ultraviolet exposure is preferably performed by applying an
alternating-current electric field to the liquid crystal com-
position containing the polymerizable compound. The alter-
nating-current electric field is preferably applied with an
alternating current at a frequency of 10 Hz to 10 kHz, more
preferably a frequency of 60 Hz to 10 kHz, and a voltage
selected depending on a desired pre-tilt angle of the liquid
crystal display device. That is, the pre-tilt angle of the liquid
crystal display device can be controlled by the voltage
applied. In a MVA-mode liquid crystal display device, the
pre-tilt angle is preferably controlled to 80 degrees to 89.9
degrees from the viewpoint of alignment stability and con-
trast.

10

15

20

25

30

35

40

45

50

55

60

65

12

The temperature during irradiation preferably falls in a
temperature range in which the liquid crystal state of the
liquid crystal composition of the present invention can be
maintained. Polymerization is preferably performed at a
temperature close to room temperature, typically a tempera-
ture of 15° C. to 35° C. A metal halide lamp, a high-pressure
mercury lamp, a superhigh-pressure mercury lamp, or the
like can be used a lamp which generates ultraviolet light.
With respect to a wavelength of irradiating ultraviolet light,
irradiation with ultraviolet light within a wavelength region
which is not an absorption wavelength region of the liquid
crystal composition is preferred. and if required, ultraviolet
light is preferably partially cut off. The intensity of irradi-
ating ultraviolet light is preferably 0.1 mW/cm? to 100
W/em® and more preferably 2 mW/em?® to 50 W/em?. A
quantity of irradiating ultraviolet light energy can be appro-
priately adjusted, but it is preferably 10 ml/cm? to 500

fem?, and more preferably 100 ml/em? to 200 J/em®.
During ultraviolet irradiation, the intensity may be changed.
The time required for ultraviolet irradiation is appropriately
selected according to the intensity of irradiating ultraviolet
light, but is preferably 10 seconds to 3600 seconds and more
preferably 10 seconds to 600 seconds.

A liquid crystal display device using the liquid crystal
composition of the present invention is useful, particularly
useful for a liquid crystal display device for active matrix
driving, because both fast response and suppression of
display defects are achieved, and the liquid crystal display
device can be applied to a liquid crystal display device for
a VA mode, a PSVA mode, a PSA mode, an IPS mode, or an
ECB mode.

EXAMPLES

The present invention is described in further detail below
by way of examples, but the present invention is not limited
to these examples. In the examples and comparative
examples below, “%” in a composition represents “% by
mass”.

The characteristics measured in the examples are as
follows.

T, nematic-isotropic liquid phase transition temperature
¢ C)

An: refractive index anisotropy at 20° C.

Ae: dielectric anisotropy at 20° C.

1: viscosity at 20° C. (mPa-s)

v1: rotational viscosity at 20° C. (mPa-s)

VHR: voltage holding ratio (%) at 50° C. under the
conditions of a frequency of 60 Hz and a voltage of 5 V
applied

Image Sticking:

Image sticking of a liquid crystal display device was
evaluated by display of a predetermined fixed pattern within
a display area for 1200 hours and then uniform display over
the entire screen to visually observe the level of residual
image of the fixed pattern based on the following 4 levels:

A: No residual image

B: Slight residual image at an allowable level

C: Residual image at an unallowable level

D: Significant residual image

Dropping Marks:

Dropping marks of a liquid crystal display device were
evaluated by visually observing white dropping marks
appearing on the surface of a full black display based on the
following 4 levels:

A: No residual image

B: Slight residual image at an allowable level
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D: Significant residual image
In the examples, compounds are described by using

abbreviations below.
(Side Chain)

US 10,316,251 B2

-n —C,H,,., linear alkyl group having n carbon atoms
n- C H,,,,— linear alkyl group having n carbon atoms

—On —OC H
atoms

—V —CH=CH,

V— CH,=CH—

2n+1

—V1 —CH—CH—CH,
-2V1 —CH,—CH,—CH—CH—CH,

V2- CH,—CH—CH,

(Ring Structure)

—CH,—

linear alkoxy group having n carbon

[Chem. 12]

4}@@

&

OG- Cr

T Cl

Phl5

Example 1

Liquid crystal composition LC-1 shown below was pre-
pared, and physical property values thereof were measured.
The results are shown in a table below.

TABLE 1

Tni/° C.

An

Ag

n/mPa - s
yl/mPa - s
3-CyCy-2
3-CyCy-V
3-CyCy-4
3-CyPh3-02
3-CyPh3-04
3-CyCyPh3-02
4-CyCyPh5-02
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TABLE 1-continued
LC-1
2-CyPhPh5-O2 11
3-CyPhPh3-O2 11

Liquid crystal composition LCM-1 was prepared by add-
ing 0.03% of a compound represented by formula (I-c-1) to
99.97% of the liquid crystal composition LC-1.

[Chem. 13]

(I-c-1)
C(CHy)

C,H; oH

C(CHj)3

The physical property values thereof were substantially the
same as L.C-1. Initial VHR of the liquid crystal composition
LCM-1 was 98.7% but after the composition was allowed to
stand at a high temperature of 150° C. for 1 hour, VHR was
98.5%. A VA liquid crystal display device was formed by
using the liquid crystal composition LCM-1, and image
sticking and dropping marks were measured by the above-
described methods. As a result, excellent results were exhib-
ited as shown below.

TABLE 2
Evaluation of dropping mark A
Evaluation of image sticking A

Further, a response speed was measured by using a cell
with ITO which had a cell gap of 3.5 um and a polyimide
alignment film applied thereto for inducing homeotropic
alignment. As a result, a response speed of 4.6 msec was
exhibited.

Comparative Example 1

The liquid crystal composition LC-1 to which the com-
pound represented by the formula (I-c-1) described in
Bxample 1 was not added showed an initial VHR of 98.5%
but after the composition was allowed to stand at a high
temperature of 150° C. for 1 hour, VHR was 86.7% and
greatly decreased from the initial VHR.

Also, a VA liquid crystal display device was formed by
using the liquid crystal composition LC-1, and image stick-
ing and dropping marks were measured by the above-
described methods. As a result, inferior results to Example
1 were exhibited as shown below.

TABLE 3
Evaluation of dropping mark C
Evaluation of image sticking D

Comparative Example 2

Liquid crystal composition LC-A shown below and not
containing a compound represented by general formula (I1)
was prepared, and physical property values thereof were
measured.
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alignment film applied thereto for inducing homeotropic
alignment. As a result, the response speed was 5.3 msec and

LC-A inferior to LCM-1 described in Example 1.
Tni/° C. 77.8 s
An 0.084 Example 1 to Example 4
Ac -3.27
n/mPa - s 20.3
ylUmPa - s 130 Liquid crystal compositions LC-2 to LC-4 shown below
3-CyCy-2 10 were prepared, and physical property values thereof were
measured. The results are shown in a table below.
TABLE 6
LC-2 LC-3 LC4
Thi/° C. 778 Tni° C. 751 Tni° C. 75.0
An 0.094 An 0.129 An 0.103
Ae S35 Ae 32 A -3.11
n/mPa - s 17.1 n/mPa - s 17.8 n/mPa - s 18.5
yl/mPa - s 110 yl/mPa - s 114 yl/mPa - s 129
3-CyCy-2 23 3-CyCy-2 8 3-CyCy-2 25
3-CyCy-V 10 3-CyPh-O4 10 3-CyCy-4 7
3-CyCy-4 10 3-CyCyPh-02 6 3-CyPh-O1 8
3-CyPhs-02 9 3-CyPhs-02 10 3-CyCyPh-1 3
3-PhPh3-02 8 5-CyPhs-02 8 3-CyPhs-02 9
3-CyCyPhs-02 8 3-PhPh5-02 10 3-PhPhS-02 8
4-CyCyPhs-02 10 3-CyCyPhs-02 12 3-CyCyPhs5-02 8
2-CyPhPhS-02 11 4-CyCyPhs-02 8 4-CyCyPh5-02 10
3-CyPhPhS-02 11 2-CyCyPhs-1 5 2-CyPhPhS-02 6
3-CyCyPhs-1 5 3-CyPhPhS-02 10
3-PhPhsPh-1 10 3-PhPhSPh-2 6
4-PhPhSPh-2 8
30 . . e
TABLE 4-continued Liquid crystal compositions LCM-3 to LCM-5 were pre-
pared by adding 0.03% of a compound represented by
LC-A formula (I-c-1) to 99.97% of the liquid crystal compositions
3-CyCy-V 10 LC-2 to LC-4, respectively. The physical property values
3-CyPh-1 8 35 thereof were substantially the same as before the addition of
if(é};(é};i}}llll 18 the compound. VHR after each of the liquid crystal com-
3-CyPhs-02 8 positions LCM-3 to LCM-5 was allowed to stand at a high
3-CyPh3-04 8 temperature of 150° C. for 1 hour was substantially the same
3-CyPh3-04 1 as initial VHR. A VA liquid crystal display device was
3-CyCyPh5-02 10 40 . L .
4CyCyPhs-02 10 formed by using each of the liquid crystal compositions
5-CyCyPh5-02 9 LCM-3 to LCM-5, and image sticking and dropping marks

Liquid crystal composition LCM-2 was prepared by add-
ing 0.03% of a compound represented by formula (I-¢c-1) to
99.97% of the liquid crystal composition LC-A. The physi-
cal property values thereof were substantially the same as
LC-A. The liquid crystal composition LCM-2 not containing
the compound represented by the general formula (II)
showed increases in viscosity 1 and rotational viscosity y1
as compared with the liquid crystal composition LCM-1
containing the compound represented by the general formula
(II). Initial VHR of the liquid crystal composition LCM-2
was 98.3% but after the composition was allowed to stand
at a high temperature of 150° C. for 1 hour, VHR was 95.9%.
Also, a VAliquid crystal display device was formed by using
the liquid crystal composition LCM-2, and image sticking
and dropping marks were measured by the above-described
methods. As a result, inferior results to Example 1 were
exhibited as shown below.

TABLE 5
Evaluation of dropping mark C
Evaluation of image sticking C

In addition, a response speed was measured by using a
cell with ITO which had a cell gap of 3.5 pm and a polyimide
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were meastred. As a result, excellent results were exhibited
as shown below.

TABLE 7
LCM-3 LCM-4 LCM-5
Initial VHR (%) 98.5 98.2 9.3
VHR (%) after 1 hour at 150° C. 98.1 98.0 98.1
Evaluation of dropping mark A A A
Evaluation of image sticking A A A
Example 5

Liquid crystal composition LC-5 shown below was pre-
pared, and physical property values thereof were measured.
The results are shown in a table below.

TABLE 8
LC-5
Tni/° C. 73.1
An 0.103
Ae -3.12
n/mPa - s 175
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TABLE 8-continued TABLE 10
LC-5 LCM-7 LCM-8
yUmPa - 121 Initial VHR (%) 98.2 98.4
3-CyCy-2 25 5 VHR (%) after 1 hour ar 150° C. 98.0 98.1
3-CyCy-V 7 Evaluation of dropping mark A A
3-CyPh-O1 8 Evaluation of image sticking A A
3-CyCyPh-1 3
3-CyPhs-02 9
3-PhPh3-02 8
3-CyCyPh3-02 8 10 Example 8
4-CyCyPh3-02 10
Z‘CyPﬂPT‘Oz 6 Liquid crystal composition LCM-9 was prepared by add-
i:gﬁ)h;ﬁf 2 12 ing 0.03% of a compound represented by formula (I-b-1) to
99.97% of the liquid crystal composition LC-1 described in
15 BExample 1.
Liquid crystal composition LCM-6 was prepared by add-
ing 0.03% of a compound represented by formula (I-c-1) to
99.97% of the liquid crystal composition LC-5. The physical [Chem. 15]
property values thereof were substantially the same as 20 (I-b-1)
before the addition of the compound. VHR after the liquid C(CHy)3
crystal composition LCM-6 was allowed to stand at a high
temperature of 150° C. for 1 hour was substantially the same CyeHr—0 O
as initial VHR. A VA liquid crystal display device was
formed by using the liquid crystal composition LCM-6, and 55
image sticking and dropping marks were measured. As a 0 C(CHs)
result, excellent results were exhibited as shown below.
The physical property values thereof were substantially the
TABLE 9 same as before the addition of the compound. VHR after the
LCM-6 39" liquid crystal composition LCM-9 was allowed to stand at a
— high temperature of 150° C. for 1 hour was substantially the
Ivl?glﬁl XHRﬁ(%)l hour at 150° € gg-f same as initial VHR. Also, a VA liquid crystal display device
Evaluégt/itgnaofe zmpgﬁfgamﬂk ' A was formed by gsing the liquiq crystal composition LCM-9,
Evaluation of image sticking A and image sticking and dropping marks were measured. As
B oa result, excellent results were exhibited as shown below.
TABLE 11
Example 6 and Example 7
LCM-9
40 = -
Liquid crystal compositions LCM-7 and LCM-8 were Initial VER (%) 986
. VHR (%) after 1 hour at 150° C. 98.3
prepared by adding 0.03% of a compound represented by Evaluation of dropping mark A
formula (I-a-1) to 99.97% of the liquid crystal composition Evaluation of image sticking A
LC-1 described in Example 1 and LC-5 described in
Example 3, respectively. 45
Example 9
[Chem. 14] Polymerizable liquid crystal composition CLCM-1 was
(La-1) prepared by adding, to 99.7% of the liquid crystal compo-
C(CHz)s 50 sition LCM-1 described in Example 1, 0.3% of a polymer-
izable compound represented by
CoHyo OH
[Chem. 16]
55
C(CHz);
O 0
The physical property values thereof were substantially the > < > <
same as before the addition of the compound. VHR after | 0 0
each of the liquid crystal compositions LCM-7 and LCM-8
was allowed to stgnd at a high tempe.re.lture of ISOOvC' .for .1 and uniformly dissolving the compound, and the polymer-
hour was substantially the same as initial VHR. AVAliquid jzable liquid crystal composition was injected, by a vacuum
crystal display q§w'1ce was formed by using each.ofthe IIQUId injection method, into a cell with ITO having a cell gap of
crystal compositions LCM-7 and LCM-8, and image stick- ¢s 3.5 um and a polyimide alignment film applied thereto for

ing and dropping marks were measured. As a result, excel-
lent results were exhibited as shown below.

inducing homeotropic alignment. After the injection, the
polymerizable compound in the polymerizable liquid crystal
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composition was polymerized by light irradiation for 600
seconds using a high-pressure mercury lamp having a peak
wavelength of 300 to 400 nm with a voltage applied so that
the irradiation intensity on a cell surface was 10 mW/em?,
thereby producing a vertical alignment liquid crystal display 5
device. As a result of measurement of image sticking and
dropping marks of the liquid crystal display device, excel-
lent results were exhibited as shown below.

TABLE 12 10
Evaluation of dropping mark A
Evaluation of image sticking A
15

Comparative Example 3 and Comparative Example
4

Polymerizable liquid crystal compositions CLCM-2 and
CLCM-3 were prepared by adding, to 99.7% of the liquid
crystal composition LC-1 used in Comparative Example 1
and the liquid crystal composition LCM-2 used in Com-
parative Example 2, respectively, 0.3% of a polymerizable
compound represented by

20

25
[Chem. 17]

AT A SO

and uniformly dissolving the compound, and each of the
polymerizable liquid crystal compositions was injected, by 33
a vacuum injection method, into a cell with ITO having a
cell gap of 3.5 um and a polyimide alignment film applied
thereto for inducing homeotropic alignment. After the injec-
tion, the polymerizable compound in the polymerizable
liquid crystal composition was polymerized by light irradia-
tion for 600 seconds with a high-pressure mercury lamp
having a peak wavelength of 300 to 400 nm with a voltage
applied so that the irradiation intensity on a cell surface was
10 mW/cm?, thereby producing a vertical alignment liquid
crystal display device.

As a result of measurement of image sticking and drop- 45
ping marks of the liquid crystal display devices, inferior
results to Example 9 were exhibited as shown below.

40

20
Example 10 to Example 13

Polymerizable liquid crystal compositions CLCM-4,
CLCM-5, and CLCM-6 were prepared by adding, to 99.7%
of the liquid crystal compositions LCM-3 to 5 described in
Examples 2 to 4, respectively, 0.3% of a polymerizable
compound represented by

[Chem. 18]

Iy

and uniformly dissolving the compound, and each of the
polymerizable liquid crystal compositions was injected, by
a vacuum injection method, into a cell with ITO having a
cell gap of 3.5 um and a polyimide alignment film applied
thereto for inducing homeotropic alignment. After the injec-
tion, the polymerizable compound in the polymerizable
liquid crystal composition was polymerized by light irradia-
tion for 600 seconds using a high-pressure mercury lamp
having a peak wavelength of 300 to 400 nm with a voltage
applied so that the irradiation intensity on a cell surface was
10 mW/em?, thereby producing a vertical alignment liquid
crystal display device.

TABLE 14

Device formed Device formed Device formed
using CLCM-4 using CLCM-5 using CLCM-6

Evaluation of dropping A A A
mark

Evaluation of image A A A
sticking

As a result of measurement of image sticking and drop-
ping marks of the liquid crystal display devices, excellent
results were exhibited as shown above.

Example 14 to Example 4

Liquid crystal compositions LC-6 to LC-29 shown below
were prepared, and physical property values thereof were
measured. The results are shown in tables below.

TABLE 15

LC-6 LC-7 LC-8 LC9 Lec-10 LC-11 LC-12

TABLE 13
50
Device formed  Device formed using
using CLCM-2 CLCM-3
Evaluation of dropping mark D D
Evaluation of image sticking D C
Tni
An
Ag
n/mPa - s
yl/mPa - s
3-CyCy-2
3-CyCy-V1

V-CyCy-V1

87.3 89.3 83.2 70.2 71.9 73.3 71.7
0.163 0.163  0.158 0155 0157 0157 0.156
-6.4 =597 =592 =557 -647 -649 =63

32.8 35.6 31.7 24.8 24 24.2 23.1
256 320 267 169 184 195 191
11
11 11 12 12 12 6
6
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TABLE 15-continued
LC6  LC7 LG8 LG9 LC10 LC-1l Le-12
S-PhPh-1 7
1-PhPh-2V1 7 7 7
V-CyCyPh-1 10
V2-CyCyPh-1 10 10 10
V-CyPhPh-3 10 10
3-CyPhPh-2 10
5-CyPhPh-2 10
3-PhPh3-02 17 18 18 18 16
3-PhPh3-04 16 16
5-PhPh3-02 16 18 18 18 20
5-PhPh3-04 17 17
3-CyCyPh3-02 12 10
3-CyCyPh3-03 12
4-CyCyPh3-02 10 10 12
2-CyPhPh5-02 12 13 13 10
3-CyPhPh5-02 13 12 12 15
3-PhPh5Ph-2 10 10 14
4-PhPh5Ph-2 14 14 10
3-CyPhPh5Ph-2 5 5
5-CyPhPh5Ph-2 10 5 5
TABLE 16 TABLE 17-continued
LC-13 LC-14 LC-15 LC-16 55 LC-17 LC-18 LC-19 LC-20 LC-21 LC-22
Tni 75 74 75 75.6 3-PhPh5Ph-2 14 7 10 7 3
An 0.103 0.105 0.103 0.105 3-PhPh5Ph-3
Ae -3.09 -3.28 -3.11 -3.16 4-PhPhSPh-2 7 4 4 5
n/mPa - s 19.8 18.1 18.5 18.3
ylmPa - s 138 118 129 129
3-CyCy-2 23 21 25 25 30
3-CyCy-4 7
3-CyCy-5 9 TABLE 18
2-CyCy-V1 11
3-CyCy-V1 7 LC-23 LC-24 LC-25 LC-26
3-CyPh-O1 8 8 8 ,
3-CyPh-O4 g 35 Tni 87.7 815 81.8 81.8
3-CyCyPh-1 3 3 3 An 0.079 0.094 0.087 0.081
3-CyCyPh3 3 Ae -3.58 -3.39 -3.11 -3.1
n/mPa - s 31.6 194 202 213
3-CyPh3-02 8 9 9 9 .
S PiPhS.On 9 ! ! ! yl/mPa - s 188 128 131 139
3-CyCy-2 5 23 23 23
3-CyCyPh3-02 9 9 8 8 3-CyCy-4 10 10 10
4-CyCyPh5-02 9 9 10 10 40 3-CyCy-5 10 10
2-CyPhPh5-02 8 8 6 6 3_Cycy_01 5
3-CyPhPh5-02 8 8 10 10 3-CyCy-03 6
3-PhPh5Ph-2 6 6 6 5-CyCy-01 5
4-PhPh5Ph-2 6 3-CyPh-01 8
3-CyCyPh-1 12
45 3-CyPh3-02 9 9 10 9
3-CyPhs5-O4 7 8
TABLE 17 5-CyPh35-02 9
5-CyPhs5-O4 5
3-PhPh3-02 8
LC-17 LC-18 LC-19 LC-20 LC-21 LG22 3. CyCyPS 1 55
Tni 80.8 771 79.5 799 906 723 50 3-CyCyPh5-02 12 8 8 13
An 0.112 0108 0109 0.104 0.108 0.084 4-CyCyPh5-02 10 10 13
A€ -3.17 =315 -3.1 345 551 -3.72 5-CyCyPh5-02 14 9
nmPa - s 177 167 165 169 40 16.6 2-CyPhPh3-02 11 11
yl/mPa - s 118 104 112 107 233 89 3-CyPhPh5-02 1 11
3-CyCy-2 4
3-CyCy-V 30 39 35 32 10 38 55
3-CyCy-Vl1 9 4 3 3
3-CyPh3-02 10 16 10 16 14 20 TABLE 19
3-CyPh5-04 6 6
5-CyPhs-02 12 4 LC-27 LC-28 LC-29
2-CyCyPh3-1 10
2-CyCyPh3-02 6 10 6 Tni 814 817 81.4
3-CyCyPhs-02 11 9 11 11 10 1 An 0.096 0.089 0.086
3-CyCyPh3-03 6 8 6 13 Ae -3.36 -3.27 -3.33
4-CyCyPh3-02 10 9 n/mPa - s 18.2 189 216
5-CyCyPh3-02 10 ylimPa - s 121 125 142
2-CyPhPh5-02 7 7 7 3-CyCy-2 23 23 10
3-CyPhPh5-02 7 7 7 7 3-CyCy-4 10 10
3-CyPhPh3-04 7 7 65 3-CyCy-V1 10 10 10
3-PhPh5Ph-1 4 3-CyPh-O1 8
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TABLE 19-continued TABLE 23
LC-27 LC-28 LC-29 LCM-24  LCM-25 LCM-26 LCM-27
3-CyCyPh-1 6 Initial VHR (%) 98.4 98.3 98.6 98.5
V-CyCyPh-1 10 5 VHR (%) after 1 hourat  98.1 98.1 98.3 98.2
3-CyPhs-02 9 9 8 150° C.
3-CyPh3-04 8 8 Evaluation of dropping A A A A
5-CyPhs-O4 11 mark
3-PhPh5-02 8 Evaluation of image A A A A
3-CyCyPh3-02 8 8 10 sticking
4-CyCyPhs-02 10 10 10 10
5-CyCyPhs-02 9
2-CyPhPh3-02 1 1
3-CyPhPh3-02 11 11 TABLE 24
L . LCM-28  LCM-29  LCM-30
Liquid crystal compositions LCM-7 to LCM-30 were | J
prepared by adding 0.03% of a compound represented by Initial VHR (%) 98.4 98.3 98.5
formula (I-c-1) to 99.97% of the liquid crystal compositions ~ VHR (%) after 1 hour at 150° C. 98.1 98.0 98.1
LC-6 to 29. respectivel Evaluation of dropping mark A A A
» e5p Y Evaluation of image sticking A A A
20
[Chem. 19]
(e-1) The invention claimed is:
C(CHs)3 1. A nematic liquid crystal composition comprising, as a
first component, at least one compound represented by
5 general formula (I)
C3H; OH
. O
C(CHgz)z C(CHj)z
30
Asin E)fample 1, the physical property values tl.le.:reof were Rl—=M! o
substantially the same as those before the addition of the
compound represented by formula (I-c-1).
Also, as a result of measurement of physical property C(CHy);
values described below of the liquid crystal compositions
LCM-7 to LCM-30, excellent results were exhibited.
TABLE 20
LCM-7 LCM-8 LCM-9 LCM-10 LCM-11 LCM-12  LCM-13
Initial VHR (%) 98. 98. 98. 98. 98. 98.
VHR (%) after 1 hour at 150° C.  98. 98. 98. 98. 98. 98. 98.
Evaluation of dropping mark A A A A A A A
Evaluation of image sticking A A A A A A A
45
TABLE 21 in the formula, R' represents a linear alkyl group or
LOM-14  LOM-IS  LOMA16 LOMAA7 branched alkyl group having 1 to 24 carbon atoms, one
Tnitial VHR (%) 08.4 08.6 08.6 %5 o or two or more CH, groups in the alkyl group may be
Vl-?so(%(g after 1 hour 98.2 98.3 98.2 983 substituted by —0—, CO—, —OCO—, or
at 150° C.
Evaluation of dropping A A A A —COO— so that oxygen atoms are not directly adja-
mark .
Evaluation of image A A A A cent to each other, and M' represents a single bond,
sticking 35 and, as s second component, at least one compound
represented by general formula (IT)
TABLE 22
LCM-18 LCM-19 LCM-20 LCM-21 LCM-22 LCM-23
Initial VHR (%) 98.3 98.4 98.5 98.4 98.6 98.4
VHR (%) after 1 hour at 150° C. 980 98.2 98.1 98.1 98.3 98.0
Evaluation of dropping mark A A A A A A
Evaluation of image sticking A A A A A A
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25

n

XZI XZZ X23 X24

Rll . O O R22
n 21

in the formula, R*! and R*? each independently represent
an alkyl group or alkoxy group having 1 to 10 carbon
atoms or an alkenyl group having 2 to 10 carbon atoms,
n** represents 0 or 1, X*! to X** each independently
represent a hydrogen atom or a fluorine atom, and at
least one of X*' to X** represents a fluorine aton,
wherein dielectric anisotropy (Ae) at 25° C. is =2.0 or
less.
2. The nematic liquid crystal composition according to
claim 1, comprising, as a third component, one or two or
more compounds represented by general formula (I1I),

R3IQM313 T L3l
n

in the formula, R?! and R*? each independently represent

an alkyl group or alkoxy group having 1 to 10 carbon

atoms or an alkenyl group having 2 to 10 carbon atoms,

M?! represents a trans-1,4-cyclohexylene group, one or

two —CH,— in the trans-1,4-cyclohexylene group

may be substituted by —O— so that oxygen atoms are

not directly adjacent to each other, one or two hydrogen

atoms in the phenylene group may be substituted by a

fluorine atom, L*' represents a single bond,

—CH,CH,—, or —CH,0—, and n*' represents 0 or 1.

3. The liquid crystal composition according to claim 1,

comprising a compound selected from a compound group

represented by general formula (IV-a) to general formula
(Iv-d),

(IV-2)
R41 %Rm
(IV-b)
(IV-0)

(IV-d)

in the formulae, R* to R*® each independently represent
an alkyl group or alkoxy group having 1 to 10 carbon
atoms or an alkenyl group having 2 to 10 carbon atoms.

10

15

20

40

45

50

55

60

26

4. The nematic liquid crystal composition according to
claim 1, wherein in the general formula (I), R' represents a
linear alkyl group or branched alkyl group having 1 to 10
carbon atoms.

5. The nematic liquid crystal composition according to
claim 1, wherein the content of the compound represented
by the general formula (I) is 0.001% by mass to 1% by mass,
and the content of the compound represented by the general
formula (II) is 5% by mass to 30% by mass.

6. The nematic liquid crystal composition according to
claim 1, comprising a polymerizable compound represented
by general formula (V),

V)

y OO
XSI 0 0 XSZ

in the formula, X>* and X>? each independently represent
a hydrogen atom or a methyl group,

Sp* and Sp? each independently represent a single bond,
an alkylene group having 1 to 8 carbon atoms, or
—O—(CH,),— wherein s represents an integer of 2 to
7, and an oxygen atom is bonded to an aromatic ring,

73" represents —OCH,—, —CH,0—, —COO—,
—0C0—, —CF,0—, —OCF,—, —CH,CH,—,
—CF,CF,—, —CH=CH—CO0O-—, —CH=CH
0CO—, —C00—CH=—CH—, —0C0—
CH=CH—, —COO—CH,CH,—, —OCO—
CH,CH,—, —CH,CH,—C00—, —CH,CH,—
0CO—, ~ —COO—CH,—, ~ —OCO—CH,—,

—CH,—C00—, —CH,—0CO—, —CY'=CY*—
wherein Y' and Y* each independently represent a
fluorine atom or a hydrogen atom, —C=C—, or a
single bond,

M>! represents a 1,4-phenylene group, a trans-1,4-cyclo-
hexylene group, or a single bond, and any hydrogen
atom of all 1,4-phenylene groups in the formula may be
substituted by a fluorine atom.

7. A liquid crystal display device comprising a first
substrate provided with a common electrode composed of a
transparent conductive material, a second substrate provided
with a pixel electrode that is composed of a transparent
conductive material and a thin film transistor that controls
the pixel electrode provided for each pixel, and a liquid
crystal composition held between the first substrate and the
second substrate, wherein alignment of liquid crystal mol-
ecules in the liquid crystal composition with no voltage
applied is substantially vertical to the substrates, and the
nematic liquid crystal composition according to claim 1 is
used as the liquid crystal composition.

8. A polymer stabilized-mode liquid crystal display device
produced by polymerizing a polymerizable compound con-
tained in a liquid crystal composition with or without a
voltage applied, wherein the nematic liquid crystal compo-
sition containing the polymerizable compound according to
claim 6 is used as the liquid crystal composition.

* ok %k
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