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NEMATIC LIQUID CRYSTAL
COMPOSITION AND LIQUID CRYSTAL
DISPLAY DEVICE USING SAME

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 (A€),
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 (A€) and/or
refractive index anisotropy (An) for a display device.

A vertical alignment-mode display uses a liquid crystal
composition having negative A€ 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 AE, 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
v, 1s required. In particular, the necessity to decrease viscos-
ity 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
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.
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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

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 AC, a liquid
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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 (T)

[Chem. 1]

o
C(CHs)s

Rl—M! OH

C(CHs)s

(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]
I

(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 (A€) 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 A€ 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

10

15

20

25

30

35

40

45

50

55

60

65

4

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]

O
C(CHa);

RI—M! OH.

C(CHs)s

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—, —CO0—, —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 alkyl 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).

[Chem. 4]
(-2
C(CHz)3
R! OH
C(CHz)3
(-b)
C(CHz)s
I
RE—0—C—1L! OH
C(CHz)s
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-continued
(I-0)
C(CHs)s
RS OH
C(CHa)s
-4
C(CHs)s
C(CH;)3

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 X22 X23 X24

. . O O .
/21

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.
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 (II).

[Chem. 6]

(II-a)

10

15

20

25

30

40

45

50

55

60

65

6

-continued
(II-b)

(Il-c)
(II-d)
(Il-¢)

(LD

(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
(1I-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 (II), 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 (III).

[Chem. 7]

R314<:>—$M31 = 131

In a compound represented by the formula (III), 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. L3' 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.

R32
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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)
R41 ‘Q_Oil{‘u
(IV-b)
R43 R44
(IV-¢)
R4SO_O_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
(1IT), 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 A€ 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-
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, 1 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,
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8

a biphenyl derivative, a terphenyl derivative, or the like.
More specifically, a difunctional monomer represented by
general formula (V) is preferred.

[Chem. 9]
V)
y OOy
x5! 0 3 X352

(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),

7>' represents —OCH,—, —CH,0—, —CO0O—,
-—0oc0—, —CF,0— —OCF,—  —CH,CH,—,
—CF,CF,—,  —CH=—CH—0OCO—, —CH—CH—
0CO0—, —COO—CH=CH—, —OCO—CH—CH—,
—CO0O—CH,CH,—, —OCO—CH,CH,—, —CH,CH,—
0OCO—, —CH,CH,—0CO—, —CO0—CH,—,
—0CO—CH,—, —CH,—0CO—, —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-cyclohex-
ylene 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.)

Either a diacrylate derivative in which X°! and X>? both
represent hydrogen atoms or a dimethacrylate derivative in
which X°! and X°? 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—
(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.

73" 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, Z°" is
also preferably a linkage group other than a single bond, and
when M*! is a single bond, Z°" is preferably a single bond.
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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).

[Chem. 10]
(Va-1)
(Va-2)
. . F
(Va-3)
. F .
(Va-4)
F T
(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, alighment 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.

[Chem. 11]

(V-1)

OO

[
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-continued
(V-3)
\ < . . _> /
[6] @)
(V-4

M

(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
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 wm, and when a polarizing plate is used,
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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.

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 super high-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-
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ating ultraviolet light is preferably 0.1 mW/em?® to 100
W/em?® and more preferably 2 mW/ecm? to 50 W/em? A
quantity of irradiating ultraviolet light energy can be appro-
priately adjusted, but it is preferably 10 ml/ecm? to 500
Jlem? and more preferably 100 ml/cm? 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

C: Residual image at an unallowable level

D: Significant residual image

In the examples, compounds are described by using
abbreviations below.

(Side Chain)

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

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

-On —OC,H,,,,, linear alkoxy group having n carbon
atoms

-V —CH—CH,

V- CH,—CH—



US 9,745,513 B2

13
-V1 —CH—CH—CI,

-2V1 —CH,CH, CH—CH CH,
V2- CH,—CH—CH,—CH,—

(Ring Structure) 5
[Chem. 12]
F F 10
Oy Ph Ph5 15
F F F F
T
o]
@ 20
Nd4 Ch3
F
: : O
Ch Cbl Oc
E Cl 30
Ph15 33
Example 1
40

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.

45
TABLE 1
LC-1

Tni/* C. 78.1 50
An 0.087
Ae =-3.2
n/mPa - s 17.8
yl/mPa - s 114
3-CyCy-2 23
3-CyCy-V 10 53
3-CyCy-4 10
3-CyPh3-02 9
3-CyPh5-04 8
3-CyCyPhs-02 8
4-CyCyPhs-02 10 60
2-CyPhPh5-02 11
3-CyPhPh5-O2 11

Liquid crystal composition LCM-1 was prepared by add- 45
ing 0.03% of a compound represented by formula (I-c-1) to
99.97% of the liquid crystal composition LC-1.

14

[Chem. 13]

(Ic-1)
C(CHg)g

C3Hy OH

C(CHg)g

The physical property values thereof were substantially the
same as LC-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
Example 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 (II)
was prepared, and physical property values thereof were
measured.

TABLE 4
LC-A
Tni/° C. 77.8
An 0.084
Ae -3.27
n/mPa - s 20.3
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alignment. As a result, the response speed was 5.3 msec and

LC-A
yl/mPa - s 130
3-CyCy-2 10 3
3-CyCy-V 10
3-CyPh-1 8
3-CyCyPh-1 6
V-CyCyPh-1 10

inferior to LCM-1 described in Example 1.

Example 1 to Example 4

Liquid crystal compositions LC-2 to LC-4 shown below

were prepared, and physical property values thereof were
measured. The results are shown in a table below.

TABLE 4-continued

LC-A
3-CyPh3-02 8
3-CyPh3-04 8 35
5-CyPh3-04 11
3-CyCyPh35-02 10
4-CyCyPh3-02 10
5-CyCyPh35-02 9

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

40

45

TABLE 6
LC-2 LC-3 LC-4

Tni/° C. 778  Tni° C. 75.1  Tni° C. 75.0
An 0.094 An 0.129 An 0.103
Ae =35  Ae 3.2  Ae -3.11
n/mPa - s 171 n/mPa - s 178 mn/mPa-s 185
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-04 10 3-CyCy-4 7
3-CyCy-4 10 3-CyCyPh-02 6 3-CyPh-O1 8
3-CyPh5-02 9 3-CyPh5-02 10 3-CyCyPh-1 3
3-PhPh5-02 8 5-CyPh5-02 8 3-CyPh5-02 9
3-CyCyPh5-02 8 3-PhPh5S-02 10 3-PhPh5-02 8
4-CyCyPh5-02 10 3-CyCyPh5-02 12 3-CyCyPh5-02 8
2-CyPhPhS-02 11 4-CyCyPh5-02 8 4-CyCyPh5-02 10
3-CyPhPhS-02 11 2-CyCyPh5-1 5 2-CyPhPhS5-02 6

3-CyCyPh5-1 5 3-CyPhPhS-02 10

3-PhPhSPh-1 10 3-PhPh5Ph-2 6

4-PhPh5Ph-2 8

30

Liquid crystal compositions LCM-3 to LCM-5 were pre-
pared by adding 0.03% of a compound represented by
formula (I-c-1) to 99.97% of the liquid crystal compositions
LC-2 to LC-4, respectively. The physical property values
thereof were substantially the same as before the addition of
the compound. VHR after each of the liquid crystal com-
positions LCM-3 to LCM-5 was allowed to stand at a high
temperature of 150° C. for 1 hour was substantially the same
as initial VHR. A VA liquid crystal display device was
formed by using each of the liquid crystal compositions
LCM-3 to LCM-5, and image sticking and dropping marks
were meastired. As a result, excellent results were exhibited
as shown below.

the compound represented by the general formula (II) IABLE 7

showed increases in viscosity 1) and rotational viscosity y1 LCM-3 LCM4  LCM-S
as co.m.pared with the liquid crystal composition LCM-1 Ttial VEIR (%) 985 082 983
containing the compound represented by the general formula VHR (%) after 1 hour at 150° C. 98.1 98.0 98.1
(1D). Initial VHR of the liquid crystal composition LCM-2 >° Evaluation of dropping mark A A A
was 98.3% but after the composition was allowed to stand ~ Evaluation of image sticking A A A
at ahigh 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 Example 5

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

55

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.

60
TABLE 8
Evaluation of dropping mark C

Evaluation of image sticking C LG5

Tni/° C. 73.1
. . An 0.103
In addition, a response speed was measured by using a 45 Ac a0

cell with ITO which had a cell gap of 3.5 um and a polyimide nmPa - s 17.5

alignment film applied thereto for inducing homeotropic
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TABLE 8-continued TABLE 10
LGS LCM-7 LCM-8
yUmPa - 121 Initial VHR (%) 98.2 98.4
3-CyCy-2 25 5 VHR (%) after 1 hour at 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-CyPh3-02 9
3-PhPh3-02 8
3-CyCyPh3-02 8 10 Example 8
4-CyCyPh3-02 10
i:gygglﬁg:gg 18 Liquid crystal composition LCM-9 was prepared by add-
3-Pl}1/Ph5Ph-2 6 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 Example 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 " (T-b-1)
before the addition of the compound. VHR after the liquid
crystal composition LCM-6 was allowed to stand at a high C(CHy)s
temperature of 150° C. for 1 hour was substantially the same
as initial VHR. A VA liquid crystal display device was CysHsy—0 o
formed by using the liquid crystal composition LCM-6, and 5
image sticking and dropping marks were measured. As a
result, excellent results were exhibited as shown below. Y C(CHz);
TABLE 9 The physical property values thereof were substantially the
LCM-6 30 same as before the addition of the compound. VHR after the
ETE— 5o liquid crystal composition LCM-9 was allowed to stand at a
Vﬁﬁ ) afl*e; )1 hour at 150° C. 021 high tem.pgr.ature of 150° C. for 1. hgur was sub.stantially t.he
Evaluation of dropping mark A same as initial VHR. Also, a VA liquid crystal display device
Evaluation of image sticking A 55 Was formed by using the liquid crystal composition LCM-9,
and image sticking and dropping marks were measured. As
a result, excellent results were exhibited as shown below.
Example 6 and Example 7 TABLE 11
o . 40 LCM-9
Liquid crystal compositions LCM-7 and LCM-8 were
prepared by adding 0.03% of a compound represented by Initial VHR (%) 98.6
formula (I-a-1) to 99.97% of the liquid crystal composition ggﬁl;@naffzjohog a;iff ¢ 951'3
LC-1 described in Example 1 and LC-5 described in Evaluation of img; stgicking A
Example 5, respectively. 45
[Chern. 14] Example 9
(-a-1) Polymerizable liquid crystal composition CLCM-1 was
C(CHs)s 30 prepared by adding, to 99.7% of the liquid crystal compo-
sition LCM-1 described in Example 1, 0.3% of a polymer-
Colyo OH izable compound represented by
55
C(CHys [Chem. 16]
. . [0) 0]
The physical property values thereof were substantially the
same as before the addition of the compound. VHR after |
each of the liquid crystal compositions LCM-7 and LCM-8 0 0
was allowed to stand at a high temperature of 150° C. for 1
hour was substantiglly the same as initigl VHR. AVA l%qu%d and uniformly dissolving the compound, and the polymer-
crystal display q§w'1ce was formed by using each.ofthe IIQUId izable liquid crystal composition was injected, by a vacuum
crystal compositions LCM-7 and LCM-8, and image stick- 65 injection method, into a cell with ITO having a cell gap of

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

3.5 um and a polyimide alignment film applied thereto for
inducing homeotropic alignment. After the injection, the
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polymerizable compound in the polymerizable liquid crystal
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

20
TABLE 13

Device formed
using CLCM-3

Device formed
using CLCM-2

the irradiation intensity on a cell surface was 10 mW/cm?®, 35 Evaluation of dropping mark D D
thereby producing a vertical alignment liquid crystal display ~ Fveluation of image sticking b ¢
device. As a result of measurement of image sticking and
dropping marks of th.e .liquid crystal display device, excel- Example 10 to Example 13
lent results were exhibited as shown below. "
Polymerizable liquid crystal compositions CLCM-4,
TABLE 12 CLCM-5, and CLCM-6 were prepared by adding, to 99.7%
of the liquid crystal compositions LCM-3 to 5 described in
Evaluation of dropping mark A Bxamples 2 to 4, respectively, 0.3% of a polymerizable
Evaluation of image sticking A 15 compound represented by
[Chem. 18]
Comparative Example 3 and Comparative Example . .
Polymerizable liquid crystal compositions CLCM-2 and i go O>/ f
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- 2 and umformly thSprlIlg the compqqnd, and ?a.Ch of the
parative Example 2, respectively, 0.3% of a polymerizable polymerlza.bl.e hquld crystal compositions was 111]ecteq, by
compound re resen;e ab ’ a vacuum injection method, into a cell with ITO having a
P P Y cell gap of 3.5 um and a polyimide alignment film applied
thereto for inducing homeotropic alignment. After the injec-
3 tion, the polymerizable compound in the polymerizable
(Chem. 17] liquid crystal composition was polymerized by light irradia-
tion for 600 seconds using a high-pressure mercury lamp
0 0 having a peak wavelength of 300 to 400 nm with a voltage
applied so that the irradiation intensity on a cell surface was
35 10 mW/cm?, thereby producing a vertical alignment liquid
0 0 crystal display device.
TABLE 14
and uniformly dissolving the compound, and each of the
polymerizable liquid crystal compositions was injected, by Device formed  Device formed ~ Device formed
a vacuum injection method, into a cell with ITO having a 40 using CLCM-4 using CTLCMS using CLCM-6
cell gap of 3.5 um and a polyimide alignment film applied Evaluation of dropping A A A
thereto for inducing homeotropic alignment. After the injec- fémi‘ donof i R N A
tion, the polymerizable compound in the polymerizable St‘ilcaklilﬁglon o rmage
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 . Asa risult foiilmcfasu;(iement Olf dlmalge s(‘;lckmg and dlrlop-
lied so that the irradiation intensity on a cell surface was ping marks of the Lquid crystal cispiay devices, excellent
appiic ;. ] : : " e results were exhibited as shown above.
10 mW/cm?®, thereby producing a vertical alignment liquid
crystal display device. 50 Example 14 to Example 4
. As a result of megsur.ement of in.lage StiCkin anfl drqp- Liquid crystal compositions LC-6 to LC-29 shown below
ping marks of the liquid crystal display devices, inferior were prepared, and physical property values thereof were
results to Example 9 were exhibited as shown below. measured. The results are shown in tables below.
TABLE 15
1C-6  LC7  LC-8 LG9 LC10 LC-11 LC-12
Tni 873 893 832 702 719 B3 TL7
An 0.163 0163 0158 0155 0157 0.157 0.156
Ae -64  -597 =592 557 -647 649 -63
n/mPa - s 328 356 317 248 24 242 231
y UmPa - s 25% 320 267 169 184 195 191
3-CyCy-2 11
3-CyCy-V1 11 11 12 12 12 6
V-CyCy-V1 6
5-PhPh-1 7
1-PhPh-2V1 7 7 7
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TABLE 15-continued
LC-6 LC7 LG8 LG9  LC-10 LC-11 LC-12
V-CyCyPh-1 10
V2-CyCyPh-1 10 10 10
V-CyPhPh-3 10 10
3-CyPhPh-2 10
5-CyPhPh-2 10
3-PhPhs-02 17 18 18 18 16
3-PhPhS-04 16 16
5-PhPhs-02 16 18 18 18 20
5-PhPh5-04 17 17
3-CyCyPh3-02 12 10
3-CyCyPh3-03 12
4-CyCyPh3-02 10 10 12
2-CyPhPh3-02 12 13 13 10
3-CyPhPh-02 13 12 12 15
3-PhPhSPh-2 10 10 14
4-PhPhSPh-2 14 14 10
3-CyPhPh5Ph-2 5 5
5-CyPhPh5Ph-2 10 5 5
20
TABLE 16 TABLE 17-continued
LC-13 LC-14 LC-15 LC-16 LC17 LC18  LC-19 LC-20 LC-21 LG22
Tni 75 74 75 75.6 3-PhPh5Ph-3
An 0.103 0.105 0.103 0.105 4-PhPhSPh-2 7 4 4 5
Ae -3.09 -3.28 -3.11 -3.16
n/mPa - s 19.8 18.1 185 18.3
ylimPa - s 138 118 129 129
3-CyCy-2 23 21 25 25 TABLE 18
3—CyCy—4 7 30
3-CyCy-5 9 LC-23 LC-24 LC-25 LC-26
2-CyCy-V1 1
3-CyCy-V1 7 Tni 87.7 81.5 81.8 81.8
3-CyPh-O1 8 8 8 An 0.079 0.094 0.087 0.081
3-CyPh-O4 3 Ae -3.58 -3.39 -3.11 -3.1
3-CyCyPh1 3 3 3 35 nmPa - s 31.6 19.4 20.2 213
3-CyCyPh3 3 y1/mPa - s 188 128 131 139
3-CyCy-2 5 23 23 23
3-CyPh5-O2 8 9 9 9
: 3-CyCy-4 10 10 10
3-PhPh5-O2 9 8 8 8 3-CyCy-5 10 10
3-CyCyPh5-02 9 9 8 8 3-CyCy-01 5
4-CyCyPh5-02 9 9 10 10 3-CyCy-03 6
2-CyPhPh3-02 8 8 6 6 40 5-CyCy-01 5
3-CyPhPh5-02 8 8 10 10 3-CyPh-01 ]
3-PhPh5Ph-2 6 6 6 3-CyCyPh-1 12
4-PhPh5Ph-2 6 3-CyPh3-02 9 9 10 9
3-CyPh5-O4 7 8
5-CyPh5-O2 9
45 5-CyPh-04 5
TABLE 17 3-PhPh5-02 8
3-CyCyPh5-1 25
LC17 LC18 LC19 LC-20 LC21  LC22 3-CyCyPh5-02 12 8 8 13
4-CyCyPh5-02 10 10 13
Tni 0.8 771 795 9T 90.6  T23 5-CyCyPh5-02 14 9
An 0.112 0108 0.109 0.104 0.108 0.084 50 2-CyPhPh5-02 11 1
Ae -3.17 =315 =31 -345 -551 =32 3-CyPhPh5-02 1 11
n/mPa - s 177 167 165 169 40 16.6
y UmPa - ¢ 118 104 112 107 235 89
3-CyCy-2 4
3-CyCy-V 30 39 35 32 10 38 TABLE 19
3-CyCy-V1 9 4 3 3 55
3-CyPh5-02 10 16 10 16 14 20 LC-27 1L.C-28 1.C-29
3-CyPhS-04 6 6
5-CyPh5-02 12 4 Tni 81.4 81.7 81.4
2-CyCyPh3-1 10 An 0.096 0.089 0.086
2-CyCyPh3-02 6 10 Ae -3.56 -3.27 -3.33
3-CyCyPhs-02 11 9 11 11 10 11 60 n/mPa - s 18.2 189 21.6
3-CyCyPh3-03 6 8 6 13 yl/mPa - § 121 125 142
4-CyCyPh3-02 10 9 3-CyCy-2 23 23 10
5-CyCyPh3-02 10 3-CyCy-4 10 10
2-CyPhPh3-02 7 7 7 3-CyCy-V1 10 10 10
3-CyPhPh3-02 7 7 7 7 3-CyPh-O1 8
3-CyPhPh3-04 7 7 3-CyCyPh-1 6
3-PhPh5Ph-1 4 65 V-CyCyPh-1 10
3-PhPhSPh-2 14 7 10 7 3 3-CyPh5-O2 9 9 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-CyPhs-O4 8 8 Initial VHR (%) 98.4 98.3 98.6 98.5
5-CyPhs-O4 11 5 VHR (%) after 1 hour 98.1 98.1 98.3 98.2
3-PhPh3-02 8 at 150° C.
3-CyCyPh3-02 g 8 10 Evaluation of dropping A A A A
4-CyCyPhS-02 10 10 10 mark
5-CyCyPh5-02 9 Evaluation of image A A A A
2-CyPhPh3-02 11 11 sticking
3-CyPhPhS-02 11 11 10
Liquid crystal compositions LCM-7 to LCM-30 were TABLE 24
prepared by adding 0.03% of a compound represented by
formula (I-c-1) to 99.97% of the liquid crystal compositions LCM-28  LCM-29  LCM-30
. : 15
LC-6 1o 29, respectively. Tnitial VER (%) 98.4 98.3 98.5
VHR (%) after 1 hour at 150° C. 98.1 98.0 98.1
Evaluation of dropping mark A A A
[Chem. 19] Evaluation of image sticking A A A
20

(1) The invention claimed is:
C(CHs)s 1. A nematic liquid crystal composition comprising, as a
first component, at least one compound represented by
5 general formula (I)

CiH, OH
. O
C(CH3)3 C(CH3)3
30
As in Example 1, the physical property values thereof were R—M! ol
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. 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

LOM14  LOMA1S  LOMA16  LOM-17 branched alkyl group having 1 to 24 carbon atoms, one or

Taitial VIR (%) o84 086 08.6 o two or more CH, groups in the alkyl group may be substi-

50
VHR (%) after 1 hour 98.2 98.3 98.2 98.3 tuted by —0—, —CO—, —OCO—, or —COO— s0 that
at 150° C,

Evaluation of dropping A A A A oxygen atoms are not directly adjacent to each other, and M*
k

gj;maﬁon of image A A A A represents a trans-1,4-cyclohexylene group or a 1,4-phe-

sticking

55 nylene group, and, as s second component, one or two or

more compounds represented by general formula (I1-d)

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. 98.0 982 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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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, wherein
dielectric anisotropy (A€) at 25° C. is =2.0 or less,

(I-d)

wherein the content of the compound represented by the
general formula (T) is 0.001% by mass to 1% by mass,
and the content of the compound represented by the
general formula (IT) is 5% by mass to 30% by mass.

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 (I11),

R314<:>—€M313 13!
n

in the formula, R*' and R*Z 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>* repre-
sents a trans-1,4-cyclohexylene group, one or two —CH,—
in the trans-1,4-cyclohexylene group may be substituted by
—O— s0 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, [** represents a
single bond, —CH,CH,—, or —CH,0—, and n’" repre-
sents 0 or 1.

R32

3. The liquid erystal 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)

(IV-b)

(IV-¢)
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-continued

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.

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

OO

X0 0

aV-d)

V)

XSZ

in the formula, X°! and X°? each independently represent a
hydrogen atom or a methyl group, Sp' and Sp® each inde-
pendently 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>t represents —OCH,—, —CH,0—, —C0OO—,
—0C0—, —CF,0—, —OCF,—, —CH,CH,—,
—CF,CF,—, —CH=CH—C0O0—, —CH=CH—
0CO—, —COO0—CH=CH—, —0OCO—
CH—CH—, —CO0—CH,CH,—, —0OCO—
CH,CH,—, —CH,CH,—C00—, —CH,CH,—
0CO—, —COO—CH,—, —0OCO—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.

5. 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.

6. 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 4 is used as the liquid crystal composition.

I S T
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