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NEMATIC LIQUID CRYSTAL COMPOSITION
AND LIQUID CRYSTAL DISPLAY ELEMENT
USING THE SAME

TECHNICAL FIELD

The present invention relates to a nematic liquid crystal
composition that exhibits a negative dielectric anisotropy
(AE), the liquid crystal composition being useful as a liquid
crystal display material, and a liquid crystal display element
using the same.

BACKGROUND ART

Liquid crystal display elements are used in not only
watches and electronic calculators, but also various measur-
ing instruments, panels for automobiles, word processors,
electronic notebooks, printers, computers, televisions,
clocks, advertisement display boards, etc. Typical examples
of a liquid crystal display system include a twisted nematic
(TN)-type display, a super-twisted nematic (STN)-type dis-
play, a vertical alignment (VA )-type display using a thin-film
transistor (TFT), and an in-plane-switching (IPS)-type dis-
play. It is desired that liquid crystal compositions used in
these liquid crystal display elements be stable against exter-
nal factors such as moisture, air, heat, and light, exhibit a
liquid crystal phase in as wide a temperature range as possible
with room temperature being at the center of the range, have
low viscosities, and have low drive voltages. Furthermore, the
liquid crystal compositions each contain several types to sev-
eral tens oftypes of compounds for the purpose of optimizing,
for example, dielectric anisotropy (A€) and/or birefringence
(An) for respective display elements.

In vertical alignment displays, liquid crystal compositions
having a negative A€ are used, and such displays are widely
used in liquid-crystal display televisions and the like. In all
driving systems, low-voltage driving, high-speed response,
and a wide operating temperature range have been desired.
Specifically, a large absolute value of A€, a low viscosity (1)),
and a high nematic phase-isotropic liquid phase transition
temperature (T,,) have been desired. Furthermore, it is nec-
essary to control the An of a liquid crystal composition to be
in an appropriate range in accordance with a cell gap on the
basis of a value of Anxd, which s the product of the An and the
cell gap (d). In addition, in the case where a liquid crystal
display element is applied to a television or the like, high-
speed responsiveness is important and thus a liquid crystal
composition having a small rotational viscosity v, is required.
In particular, recently, in order to reduce the cell gap for
realizing high-speed response, it has been necessary to
increase the An in addition to the decrease in the viscosity. For
this purpose, PTL 1 and PTL 2 disclose a liquid crystal
composition containing a compound having a terphenyl
structure substituted with a fluorine atom.

In order to practically use a liquid crystal composition in a
liquid crystal display element, it is necessary that no problem
occur in terms of display quality. In particular, a liquid crystal
composition used in an active-matrix driving liquid crystal
display element that is driven by TFT elements or the like
needs to have a high specific resistance or a high voltage
holding ratio. In addition, it is also necessary for such aliquid
crystal composition to be stable against external stimuli such
as light and heat. To meet this requirement, antioxidants for
improving stability against heat and liquid crystal composi-
tions containing the antioxidants have been disclosed (refer to
PTL 3 and PTL 4). However, the stability is not necessarily
sufficient. In particular, liquid crystal compounds having a
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large An have relatively low stability against light and heat,
and thus such a composition does not have sufficient quality
stability.

Furthermore, with the increasing number of applications
for liquid crystal display elements, methods of using the
liquid crystal display elements and methods of producing the
liquid crystal display elements have also been significantly
changed. In order to catch up with these changes, it has been
desired to optimize properties other than known basic physi-
cal property values. Specifically, regarding liquid crystal dis-
play elements that use liquid crystal compositions, vertical
alignment (VA)-type liquid crystal display elements,
in-plane-switching (IPS)-type liquid crystal display ele-
ments, and the like have been widely used, and very large
display elements having a 50-inch or larger display size have
been practically used. Regarding a method for injecting a
liquid crystal composition into a substrate, with the increase
in the size of substrates, a one-drop-fill (ODF) method has
been mainly used instead of an existing vacuum injection
method (refer to PTL 5). However, it has been found that a
drop mark formed when a liquid crystal composition is
droppedon a substrate results in a problem of a decrease in the
display quality. In order to form a pre-tilt angle of a liquid
crystal material in a liquid crystal display element and to
realize high-speed responsiveness, polymer-stabilized (PS)
liquid crystal display elements and polymer-sustained align-
ment (PSA) liquid crystal display elements have been devel-
oped (refer to PTL 6). However, the problem of a drop mark
has become a significant problem. These display elements are
characterized in that a monomer is added to a liquid crystal
composition and that the monomer in the composition is
cured. In many cases, the monomer is cured by irradiating the
composition with ultraviolet light. Therefore, in the case
where a component having low stability against lightis added
to the liquid crystal composition, the specific resistance or the
voltage holding ratio is decreased, and in some cases, the
generation of a drop mark may also be induced, resulting in a
problem of a decrease in the yield of the liquid crystal display
element due to display defects.

Accordingly, it has been desired to develop a liquid crystal
display element which has high stability against light, heat,
etc. and in which display defects such as image sticking and
a drop mark do not tend to occur while maintaining charac-
teristics and performance, such as high-speed responsive-
ness, which are desired for the liquid crystal display element.

CITATION LIST
Patent Literature

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

PTL 2: International Publication No. WO2007/077872

PTL 3: Japanese Unexamined Patent Application Publication
No. 9-124529

PTL 4: Japanese Unexamined Patent Application Publication
No. 2006-169472

PTL 5: Japanese Unexamined Patent Application Publication
No. 6-235925

PTL 6: Japanese Unexamined Patent Application Publication
No. 2002-357830

SUMMARY OF INVENTION
Technical Problem

An object of the present invention is to provide a liquid
crystal composition having a negative dielectric anisotropy
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(AE), the liquid crystal composition having a liquid crystal
phase over a wide temperature range, a low viscosity, good
solubility at low temperatures, a high specific resistance, and
ahigh voltage holding ratio, and being stable against heat and
light. Another object of the present invention is to provide, by
using the liquid crystal composition, for example, a VA-type
or polymer-stabilized vertical alignment (PSVA)-type liquid
crystal display element which has high display quality and in
which display defects such as image sticking and a drop mark
do not tend to occur.

Solution to Problem

The inventor of the present invention studied various liquid
crystal compounds and various chemical substances and
found that the objects can be achieved by combining specific
compounds. This finding led to the completion of the present
invention.

The present invention provides a nematic liquid crystal
composition containing, as a first component, at least one
compound represented by general formula (I):

[Chem. 1]

o
C(CH;);

RI—M! oH

C(CHz);

(where R? represents a linear or branched alkyl group having
1 to 22 carbon atoms and at least one CH, group in the alkyl
group may be substituted with —O—, —CH—CH—,
—CO—, —0CO—, —CO0—, —(C=C—, —CF,0—, or
—OCF,— so 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 a second component, at least one compound selected from
the group consisting of compounds represented by general
formula (II):

[Chem. 2]
an

(where R*! and R*? each independently represent an alkyl
group having 1 to 10 carbon atoms or an alkenyl group having
2 to 10 carbon atoms and X?' to X?* each independently
represent a hydrogen atom or a fluorine atom), wherein a
dielectric anisotropy (A€) at 25° C. is -2.0 or less. Further-
more, the present invention provides a liquid crystal display
element using the liquid crystal composition.

Advantageous Effects of Invention
According to the liquid crystal composition of the present

invention, the liquid crystal composition having a negative
AE, asignificantly low viscosity can be achieved, solubility at
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low temperatures is good, and changes in the specific resis-
tance and the voltage holding ratio due to heat and light are
extremely small, and thus products obtained by using the
liquid crystal composition can be widely practically used.
Liquid crystal display elements, such as VA-type and PSVA-
type liquid crystal display elements, using the liquid crystal
composition are very useful because high-speed response can
be achieved and display defects are suppressed.

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 (1):

[Chem. 3]

O
C(CHz);

RI—M! OH

C(CHs)s

R! represents a linear or branched alkyl group having 1 to 22
carbon atoms and at least one CH, group in the alkyl group
may be substituted with —O—, —CH—CH—, —CO—,
—0CO0—,—CO00—, —C=C—,—CF,0—, or—OCF,—
so that oxygen atoms are not directly adjacent to each other.
Examples of R' preferably include a linear alkyl group, a
linear alkoxy group, a linear alkyl group in which one CH,
group is substituted with—OCO— or—COO—, a branched
alkyl group, a branched alkoxy group, and a branched alkyl
group in which one CH, group is substituted with—OCO—
or —COO—, all of which have 1 to 10 carbon atoms.
Examples of R' more preferably include a linear alkyl group,
a linear alkyl group in which one CH, group is substituted
with —OCO— or —COO—, a branched alkyl group, a
branched alkoxy group, and a branched alkyl group in which
one CH,, group is substituted with—OCO— or —COO—, all
of which have 1 to 20 carbon atoms. M' represents a trans-1,
4-cyclohexylene group, a 1,4-phenylene group, or a single
bond. M' is preferably a trans-1,4-cyclohexylene group or a
1,4-phenylene group.

More specifically, the compound represented by general
formula () is preferably a compound selected from com-
pounds represented by general formulae (I-a) to (I-d) below.

[Chem. 4]

(T-a)
C(CHy)s3

R OH

C(CHy);
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-continued

(I-b)
C(CHz);

REZ—0—C—1! OH

C(CHz);

(I-¢)
C(CHs)3

RB OH

C(CHz)3

(I-d)
C(CHz);

C(CHz);

In the above 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 hav-
ing 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 alinearalkylene group or branched alkylene group
having 1 to 8 carbon atoms. Among the compounds repre-
sented by general formulae (I-a) to (I-d), the compounds
represented by general formulae (I-c) and (I-d) are more
preferable.

The liquid crystal composition of the present invention
preferably contains one or two compounds represented by
general formula (I), and more preferably contains one to five
compounds represented by general formula (I). 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 the compound used as a second component and repre-
sented by general formula (IT):

[Chem. 5]
an

R?! and R** each independently represent an alkvl group
having 1 to 10 carbon atoms or an alkenyl group having 2 to
10 carbon atoms and X** to X** each independently represent
ahydrogen atom or a fluorine atom. At least one of X** 1o X**
is preferably a fluorine atom.

More specifically, the compound represented by general
formula (1) is preferably a compound selected from com-
pounds represented by general formulae (II-a) to (II-f) below:
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[Chem. 6]
(IT-a)

R2 R22

%

(II-b)

o]
les]

RZZ

’Tj [

(Il-c)

5]
i

RZZ

E

(I-d)

i
5]

RZ RZZ

(Il-¢)

=}
i
=5

R22

i

-5

1
=]
i
les]

RZZ

%

(where R*! and R?* each independently represent an alkyl
group having 1 to 10 carbon atoms or an alkenyl group having
2 to 10 carbon atoms.)

Among the compounds represented by general formulae
(1I-a) to (II-f), compounds represented by general formulae
(II-a), (1I-b), and (I1I-d) are more preferable.

Inthe present invention, at least one compound represented
by general formula (IT) is contained. One to ten compounds
represented by general formula (IT) are preferably contained,
and one to five compounds represented by general formula
(1) are particularly preferably contained. The content thereof
is preferably 5% to 30% by mass, and more preferably 5% to
20% by mass.

The liquid crystal composition of the present invention
may further contain, as a third component, at least one com-
pound represented by general formula (I1I):

[Chem. 7]

R3‘4<:>—6M31 pEl R

In the compound represented by general formula (I11), R*
and R3? each independently represent an alkyl group or
alkoxy group having 1 to 10 carbon atoms, or an alkenyl

am

)
1



US 8,906,472 B2

7

group having 2 to 10 carbon atoms. M>" is preferably a trans-
1,4-cyclohexylene group or a 1,4-phenylene group, and n™*
represents 0 or 1.

In the present invention, at least one compound represented
by general formula (III) may be contained. One to ten com-
pounds represented by general formula (III) are preferably
contained, and one to eight compounds represented by gen-
eral formula (III) are particularly preferably contained. 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
may further contain at least one compound selected from the
compound group represented by general formulae (IV-a) to
(Iv-d):

[Chem. 8]
(IV-a)
R41 O_Q R42
(IV-b)
(IV-c)
(IV-d)

(where 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).

In the present invention, at least one compound selected
from the compound group represented by general formulae
(IV-a) to (IV-d) may be contained. One to ten compounds
selected from the compound group are preferably contained,
and one to eight compounds selected from the compound
group are particularly preferably contained. 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 has
a dielectric anisotropy (AE€) of 2.0 to -6.0 at 25° C. The A€
is more preferably -2.0 to -5.5 at 25° C. The liquid crystal
composition of the present invention has a birefringence (An)
of 0.08 to 0.14 at 25° C. The An is more preferably 0.09 to
0.13, and particularly preferably 0.09 to 0.12 at 25° C. More
specifically, in the case ofa small cell gap, the An is preferably
0.10t00.13. In the case of a large cell gap, the An is preferably
0.08 to 0.10. The liquid crystal composition of the present
invention has a viscosity (II) of 10 to 30 mPas, more prefer-
ably 10 to 25 mPa-s, and particularly preferably 10 to 22
mPa-s at 20° C. The liquid crystal composition of the present
invention has a nematic phase-isotropic liquid phase transi-
tion temperature (T,,) of 60° C. to 120° C., more preferably
70° C.t0 100° C., and particularly preferably 70° C. to 85° C.

The liquid crystal composition of the present invention
may contain a common nematic liquid crystal, smectic liquid
crystal, cholesteric liquid crystal, polymerizable monomer,
and the like in addition to the above compounds.

10

15

20

25

30

35

45

50

55

60

65

8

The liquid crystal composition of the present invention
may contain a polymerizable compound in order to produce a
liquid crystal display element such as a PS mode-, PSA
mode-, or PSVA-mode liquid crystal display element.
Examples of the polymerizable compound include photopo-
lymerizable monomers that are polymerized by energy rays
such as light. In terms of the structure, examples thereof
include polymerizable compounds having a liquid crystal
skeleton in which plural six-membered rings are linked to
each other, for example, biphenyl derivatives and terphenyl
derivatives. More specifically, a preferable polymerizable
compound is a bifunctional monomer represented by general
formula (V):

[Chem. 9]
]
y OOy
X5l 0 0 XSZ

(where X°! and X°2 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,),— (where s represents an integer of 2 to 7 and the
oxygen atom is bonded to an aromatic ring);

7> represents —OCH,—, —CH,0—, —COO0O—,
—C00—, —CF,0—, —0OCF,—, —CH,CH,, —CF,CF,,
—CH—CH—0C0O—, —CH—CH—0C0O—, —C00—
CH—CH—, —OCO—CH—CH—, —COO—CH,CH,—,
—0C0—CH,CH,—, —CH,CH,—C00—, —CH,CH,—
0Cco, —COO—CH,, —0OCO—CH,, —CH,—CO0O,
—CH,—0CO—, —CY'=CY?*— (where Y* and Y* each
independently represent a fluorine atom or a hydrogen atom),
—C=C—, or a single bond; and

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

Diacrylate derivatives in which each of X' and X repre-
sents a hydrogen atom and dimethacrylate derivatives in
which each of X*' and X°* represents a methyl group are
preferable. Compounds in which one of X*' and X°? repre-
sents a hydrogen atom and the other represents a methyl
group are also preferable. Regarding the rate of polymeriza-
tion of these compounds, the rate of polymerization of the
diacrylate derivatives is the highest, the rate of polymeriza-
tion of the dimethacrylate derivatives is the lowest, and the
rate of polymerization of the asymmetric compounds is
between that of the diacrylate derivatives and that of the
dimethacrylate derivatives. Preferable embodiments can be
used in accordance with the use of the compound. In a PSA
display element, the dimethacrylate derivatives are particu-
larly preferable.

Sp' and Sp? each independently represent a single bond, an
alkylene group having 1 to 8 carbon atoms, or —O—
(CH,),—InaPSA display element, at least one of Sp* and Sp*
is preferably a single bond. That is, embodiments in which
each of Sp* and Sp? represents a single bond or embodiments
in which one of Sp' and Sp? represents a single bond and the
other represents an alkylene group having 1to 8 carbon atoms
or —O—(CH,),— are preferable. In such a case, an alkyl
group of 1 to 4 is preferable, and s is preferably 1 to 4.
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7' is preferably —OCH,—, —CH,0—, —C0O0O—,
—C00—, —CF,0—, —0CF,—  —CH,CH,—,
—CF,CF,—, or a single bond, more preferably —COO—,
—COO—, or a single bond, and particularly preferably a
single bond.

M?>! represents a 1,4-phenylene group in which any hydro-
gen atom may be substituted with a fluorine atom, a trans-1,
4-cyclohexylene group, or a single bond. M>" is preferably a
1,4-phenylene group or a single bond. When C represents a
ring structure other than a single bond, Z°' may be a linking
group other than a single bond. When M>! is a single bond,
Z°! is preferably a single bond.

From the above points, specifically, the ring structure
between Sp' and Sp? in general formula (V) is preferably
selected from the structures described below.

In general formula (V), when M*! represents a single bond
and the ring structure is formed by two rings, the ring struc-
ture represents preferably any one of formulae (Va-1) to (Va-
5) below, more preferably any one of formulae (Va-1) to
(Va-3), and particularly preferably formula (Va-1).

[Chem. 10]

(Va-1)

(Va-2)

(Va-3)

(Va-4)

>
s

2

(Va-5)

i
i

1

(In the above formulae, both ends are bonded to Sp* and Sp2.)

Polymerizable compounds having any of these skeletons
are most suitably used in PSA-type liquid crystal display
elements in terms of alignment control force after polymet-
ization, and thus a good alignment state can be obtained by
the polymerizable compounds. Accordingly, display uneven-
ness 1is suppressed or no display unevenness is generated.

Accordingly, polymerizable monomers represented by
general formulae (V-1) to (V-4) are particularly preferable.
Among these, the polvmerizable monomer represented by
general formula (V-2) is the most preferable.
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[Chem. 11]

WW

(V-4
¢} 0

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

In the case where a monomer is added to the liquid crystal
composition of the present invention, polymerization pro-
ceeds even when no polymerization initiator is present. How-
ever, a polymerization initiator may be incorporated in order
to accelerate the polymerization. Examples of the polymer-
ization initiator include benzoin ethers, benzophenones,
acetophenones, benzyl ketals, and acylphosphine oxides.

To the liquid crystal composition of the present invention,
the composition containing a polymerizable compound, a
liquid crystal alignment capability is provided by polymeriz-
ing the polymerizable compound contained in the liquid crys-
tal composition by irradiation with ultraviolet light. The lig-
uid crystal composition of the present invention is used in a
liquid crystal display element in which the amount of trans-
mitted light is controlled by using the birefringence of the
liquid crystal composition. The liquid crystal composition of
the present invention is useful for various liquid crystal dis-
play elements, such as an active-matrix liquid crystal display
element (AM-LCD), a twisted nematic liquid crystal display
element (TN-LCD), a super-twisted nematic liquid crystal
display element (STN-LCD), an optically compensated bire-
fringence liquid crystal display element (OCB-LCD), and an
in-plane-switching liquid crystal display element (IPS-LCD).
The liquid crystal composition of the present invention is
particularly useful for an AM-LCD, and can be used in a
transmissive or reflective liquid crystal display element.

Two substrates of a liquid crystal cell used in a liquid
crystal display element may be composed of glass or a flex-
ible transparent material such as a plastic material. One of the
substrates may be composed of an opaque material such as
silicon. A transparent substrate having a transparent electrode
layer can be produced by, for example, sputtering indium tin
oxide (ITO) on a transparent substrate such as a glass plate.

A color filter can be produced by, for example, a pigment
dispersion method, a printing method, an electrodeposition
method, ora staining method. A method for producing a color
filter will be described by taking the pigment dispersion

V-1
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method as an example. First, a curable coloring composition
for a color filter is applied onto the above-mentioned trans-
parent substrate, and is then patterned. The curable coloring
composition is then cured by heating or light irradiation.
These steps are performed for each of three colors of red,
green, and blue. Thus, pixel portions of the color filter can be
formed. Furthermore, pixel electrodes each including an
active element such as a TFT, a thin-film diode, or a metal-
insulator-metal specific resistance element may be provided
on the substrate.

The substrates are arranged so as to face each other such
that the transparent electrode layer is disposed inside. In this
step, the gap between the substrates may be adjusted with a
spacer therebetween. In this case, the gap is preferably
adjusted so that the thickness of a light-modulating layer
obtained is in the range of 1 to 100 um, and more preferably
1.5 to 10 um. When a polarizer is used, it is preferable to
adjust the product of the birefringence An of the liquid crystal
and a cell thickness d so that the maximum contrast is
obtained. When two polarizers are provided, the polarizing
axis of each of the polarizers may be adjusted so that a
satisfactory angle of view and contrast can be obtained. Fur-
thermore, a retardation film for widening the angle of view
may also be used. Examples of the spacer include glass par-
ticles, plastic particles, alumina particles, and a photoresist
material. Subsequently, a sealant such as an epoxy thermo-
setting composition or the like is applied onto the substrate by
screen printing so as to form a liquid-crystal injection port.
The substrates are then bonded to each other, and the sealant
is thermally cured by heating.

As a method for interposing the polymerizable compound-
containing liquid crystal composition between two sub-
strates, a commonly used vacuum injection method, an ODF
method, or the like can be employed. In the vacuum injection
method, although a drop mark is not generated, this method
has a problem in that a mark of injection is left. However, in
the present invention, the liquid crystal composition can be
suitably usedina display element produced by using the ODF
method.

As a method for polymerizing the polymerizable com-
pound, a method in which polymerization is conducted by
irradiation with active energy rays such as ultraviolet light
and an electron beam, which can be used alone, in combina-
tion, or sequentially, is preferable because a moderate rate of
polymerization is desirable in order to obtain a good align-
ment performance of the liquid crystal. In the case where
ultraviolet light is used, either a polarized light source or an
unpolarized light source may be used. When polymerization
is conducted in a state in which the polymerizable compound-
containing liquid crystal composition is interposed between
two substrates, it is necessary that at least a substrate on the
irradiation surface side have transparency appropriate for the
active energy rays. Only specific portions may be polymer-
ized using a mask during light irradiation, and unpolymerized
portions may then be polymerized by further irradiation with
active energy rays while the alignment state of the unpoly-
merized portions is changed by changing a condition such as
the electric field, the magnetic field, the temperature, or the
like. In particular, when ultraviolet exposure is performed, the
ultraviolet exposure is preferably performed while an alter-
nating electric field is applied to the polymerizable com-
pound-containing liquid crystal composition. Regarding the
alternating electric field applied, an alternating current having
a frequency of preferably 10 Hz to 10 kHz, and more prefer-
ably 60 Hz to 10 kHz is applied, and the voltage applied is
selected in accordance with a desired pre-tilt angle of the
liquid crystal display element. That is, the pre-tilt angle of the
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liquid crystal display element can be controlled by control-
ling the voltage applied. In a liquid crystal display element of
the multi-domain vertical alignment (MVA) mode, it is pref-
erable to control the pre-tilt angle to 80 to 89.9 degrees from
the standpoint of alignment stability and the contrast.

The temperature during the irradiation is preferably within
a temperature range in which the liquid crystal state of the
liquid crystal composition of the present invention is main-
tained. Polymerization is preferably conducted at a tempera-
ture close to room temperature, that is, typically at a tempera-
ture in the range of 15° C. to 35° C. As a lamp for generating
ultraviolet light, a metal halide lamp, a high-pressure mercury
lamp, an ultrahigh-pressure mercury lamp, or the like can be
used. As for the wavelength of ultraviolet light for irradiation,
it is preferable to radiate ultraviolet light in a wavelength
range which is not included in an absorption wavelength
range of the liquid crystal composition. Preferably, part of
ultraviolet light is cut off and used, as required. The intensity
of ultraviolet light for irradiation is preferably 0.1 mW/cm® to
100 W/cm?, and more preferably 2 mW/em? to 50 W/cm?.
The amount of energy of the ultraviolet light for irradiation
can be appropriately adjusted, and is preferably 10 mJ/cm? to
500 Jicm?, and more preferably 100 mJ/cm? to 200 J/em?®.
During the irradiation of ultraviolet light, the intensity of the
ultraviolet light may be changed. The ultraviolet-irradiation
time is appropriately selected in accordance with the intensity
of the ultraviolet light for irradiation, and is preferably 10 to
3,600 seconds and more preferably 10 to 600 seconds.

The liquid crystal display element using the liquid crystal
composition of the present invention is a useful display ele-
ment which realizes both high-speed response and suppres-
sion of display defects. The liquid crystal display element is
particularly useful as a liquid crystal display element for
active-matrix driving and can be applied to a liquid crystal
display element for the VA mode, the PSVA mode, the PSA
mode, the IPS mode, or the electrically controlled birefrin-
gence (ECB) mode.

EXAMPLES

The present invention will be described in more detail by
way of Examples, but the present invention is not limited to
these Examples. It should be noted that “%” in compositions
of Examples and Comparative Examples described below
represents “% by mass”.

Characteristics measured in Examples are as follows:

T,;: nematic phase-isotropic liquid phase transition tem-
perature (° C.)

An: birefringence at 25° C.

AE: dielectric anisotropy at 25° C.

T: viscosity at 20° C. (mPa-s)

v, rotational viscosity at 25° C. (mPa-s)

VHR: voltage holding ratio (%) at 60° C. at a frequency of
60 Hz and an applied voltage of 1 V

Image Sticking:

Image sticking of a liquid crystal display element was
evaluated as follows. A predetermined fixed pattern was dis-
played in a display area for 1,000 hours, and a uniform image
was then displayed on the full screen. The level of a residual
image of the fixed pattern was evaluated by visual observation
on the basis of the four-level criteria described below.

A: No residual image was observed.

B: A residual image was slightly observed, but was at an
acceptable level.

C: A residual image was observed, and was at an unaccept-
able level.
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D: A residual image was observed, and was at a very poor _continued
level. F F

Drop Mark: .

A drop mark of a liquid crystal display element was evalu-
ated as follows. When a black color was displayed on the full s @
screen, a drop mark appearing as a white portion was evalu-
ated by visual observation on the basis of the four-level cri-

teria described below.
A: No residual image was observed.

B: A residual image was slightly observed, but was at an 10
acceptable level.

C: A residual image was observed, and was at an unaccept- o
able level.

D: A residual image was observed, and was at a very poor
level. 15

In the description of compounds in Examples, the abbre-
viations below are used.

(Side Shain)
-n: —C,H,,., linear alkyl group having a number of car-
bon atoms of n 20

n-: C H,, ., linear alkyl group having a number of carbon
atoms of n

—0,: —0OC, H,,,, linear alkoxy group having a number

of carbon atoms of n
—V: —CH—CH, 25
V—: CH,—CH—

—V1: —CH—CH—CH,

(Ring Structure) Cbl
0]
Chem. 12
[Chem. 12] d
Oc
E Cl
35
Cy
::: P15
40
Ph
F F
Example 1
45
Ph5 A liquid crystal composition LC-1 shown below was pre-
pared.
[Chem. 13]
Chemical structure Ratio Abbreviation
24% 3-Cy—Cy-2
CsHy CoHs
10% 3-Cy—Cy-4
C3H7 C4H9
5% 3-Cy—Cy-5

CGs3Hy CsHyy

:
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-continued

[Chem. 13]

Chemical structure Ratio Abbreviation

2% 3-Cy—Ph—O1

C3Hy OCH;3

%

F F 13% 3-Cy—Ph5—02
F F 9% 2-Cy—Ph—Ph5—02
CZHSMOCZHS
F T 9% 3-Cy—Ph—Ph5—02
F F 5% 3-Cy—Cy—Ph5—03
CsH; folen:
F F 6% 4-Cy—Cy—Ph5—02
C4H, OC,H;
F F 5% 5-Cy—Cy—Ph5—02
CsHyy 0C;Hs

6% 3-Ph—Ph5—Ph-2

Gy CHs

CyHy C,Hs

F F
¥ T 6% 4-Ph—Ph5—Ph-2

16
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The values of the physical properties of the liquid crystal TABLE 2
composition LC-1 were as follows. —— N
Eedunot oot 2
TABLE 1
Tar° C. 81.0 :
Aﬁl 0.103 Furthermore, a response speed was measured using a cell
1o 1.483 with ITO, the cell having a cell gap of 3.5 um and including
Z// 2%; polyimide alignment layers that induced homeotropic align-
v _201 " ment. The response speed was 4.5 ms.
n/mPa - s 20.3
e v Comparative Example 1
A liquid crystal composition LCM-1 was prepared by add- o - )
ing 0.03% of a compound represented by formula (I-c-1): The liquid crystal composition LC-1, to which the com-
pound represented by formula (I-c-1) described in Example 1
was not added, had an initial VHR of 98.5%. In contrast, the
[Chem. 14] VHR after the composition LC-1 was left to stand at a high
(LeD) temperature of 150° C. for one hour was 86.1%, which was
C(CHz)s 20 significantly decreased from the initial VHR.
A VA liquid crystal display element was prepared by using
ol ol the liquid crystal composition LC-1, and image sticking and
7 a drop mark of the liquid crystal display element were evalu-
ated by the methods described above. Results inferior to those
C(CHz)s 25 of Example 1 were obtained as shown below.
t0 99.97% of the liquid crystal composition LC-1. The values TABLES
of the physical properties of LCM-1 were substantially the Evaluation of drop mark C
same as those of LC-1. The initial VHR of the liquid crystal s Evaluation of image sticking b

composition LCM-1 was 98.5%, and the VHR after the com-
position LCM-1 was left to stand at a high temperature of
150° C. for one hour was 98.5%. A vertical alignment (VA)
liquid crystal display element was prepared by using the
liquid crystal composition LCM-1, and image sticking and a 55

Comparative Example 2

drop mark of the liquid crystal display element were evalu- A liquid crystal composition LC-2 that did not contain a
ated by the methods described above. Good results were compound represented by general formula (II), the composi-
obtained as shown below. tion LC-2 being shown below, was prepared.
[Chem. 15]
Chemical structure Ratio Abbreviation
15% 3-Cy—Cy-2
C3H7 CZHS
12% 3-Cy—Cy-4
5% 3-Cy—Cy-5

GH; CsHyy
5% 3-Cy—Ph—01

GHy OCH;

3

7% 5-Ph—Ph-1
CsHyy

4%  3-Cy—Cy—Ph-l
G CH

CH;

X
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-continued

20

[Chem. 13]

Chemical structure Ratio

Abbreviation

6%

6%

CsH; 0C4H,

C2H5 @_@ OC7H5

12%

CZHS OCZHS
12%

C3H; 0CyHs
5%

CH; OC3H,
F F 6%

CoH 0C,H;
F F 5%

CsHyy OC;Hs

2-Cy—Ph5—02

3-Cy—Ph5—04

2-Cy—Ph—Ph5—02

3-Cy—Ph—Ph5—02

3-Cy—Cy—Ph5—03

4-Cy—Cy—Ph5—02

5-Cy—Cy—Ph5—02

The values of the physical properties of the liquid crystal
composition L.C-2 were as follows.

TABLE 4
Ty/° C 81.4
An 0.101
no 1.484
€y 3.23
e 6.09
Ae -2.86
n/mPa- s 22.6
y/mPa - s 122

A liquid crystal composition LCM-2 was prepared by add-
ing 0.03% of the compound represented by formula (I-c-1) to
99.97% of the liquid crystal composition L.C-2. The values of
the physical properties of LCM-2 were substantially the same
as those of LC-2. The results showed that the viscosity  and
the rotational viscosity y, of the liquid crystal composition
LC-2, which did not contain a compound represented by
general formula (II), were significantly, namely, about 10%,
higher than those of the liquid crystal composition LCM-1,
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which contained a compound represented by general formula
(II). The initial VHR ofthe liquid crystal composition LCM-2
was 98.3%, whereas the VHR after the composition LCM-2
was left to stand at a high temperature of 150° C. for one hour
was 97.4%.

A VA liquid crystal display element was prepared by using
the liquid crystal composition LCM-2, and image sticking
and a drop mark of the liquid crystal display element were
evaluated by the methods described above. Results inferior to
those of Example 1 were obtained as shown below.

TABLE 5
Evaluation of drop mark C
Evaluation of image sticking B

A response speed was measured using a cell with ITO, the
cell having a cell gap of 3.5 pm and including polyimide
alignment layers that induced homeotropic alignment. The
response speed was 5.3 ms, which was inferior to that of
LCM-1 described in Example 1.
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Examples 2 to 4

Liquid crystal compositions LC-3 to LC-5 shown below
were prepared, and the values of the physical properties of
LC-3 to LC-5 were measured. The results are shown in the
table below.

TABLE 6
Example 2
Liquid crystal composition LC-3

Tws° C. 76.0
An 0.103
no 1.484
€ 3.34
€ 6.25
Ae -2.91
n/mPa-s 19.8
y/mPa-s 110
3-Cy—Cy-2 24%
3-Cy—Cy-4 10%
3-Cy—Ph—01 7%
3-Cy—Ph5—02 14%

2-Cy—Ph—Ph5—02
3-Cy—Ph—Ph5—02
3-Cy—Cy—Ph5—03
4-Cy—Cy—Ph5—02

7%
9%
5%
7%

5-Cy—Cy—Ph5—02 5%
3-Ph—Ph5—Ph-2 6%
4-Ph—Ph5—Ph-2 6%
Example 3

Liquid crystal composition LC-4
Ty C. 74.9
An 0.102
no 1.484
€ 3.23
€ 6.09
Ae -2.86
n/mPa - s 21.1
y/mPa s 116
3-Cy—Cy-2 22%
3-Cy—Cy-4 11%
5-Ph—Ph-1 8%
3-Cy—Cy—Ph-1 2%
3-Cy—Ph5—02 7%
3-Cy—Ph5—04 8%

2-Cy—Ph—Ph5—02
3-Cy—Ph—Ph5—02
3-Cy—Cy—Ph5—03
4-Cy—Cy—Ph5—02
5-Cy—Cy—Ph5—02

6%
7%
7%
7%
7%

3-Ph—Ph5—Ph-2 4%
4-Ph—Ph5—Ph-2 4%
Example 4

Liquid crystal composition LC-3
T,/° C. 76.9
An 0.117
no 1.489
€, 3.20
€ 6.22
Ae -3.02
n/mPa-s 20.5
y/mPa-s 116
5-Ph—FPh-1 13%
3-Cy—Cy—V 18%
3-Cy—Cy—V1 7%
V—Cy—Cy—Ph-1 5%
3-Cy—Ph5—02 7%
3-Cy—Ph5—04 8%

2-Cy—Ph—Ph5—02
3-Cy—Ph—Ph5—02
3-Cy—Cy—Ph5—03
4-Cy—Cy—Ph5—02

6%
7%
7%
7%
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TABLE 6-continued

5-Cy—Cy—Ph5—02
3-Ph—Ph5—Ph-2
4-Ph—Ph5—Ph-2

7%
4%
4%

Liquid crystal compositions LCM-3 to LCM-5 were
respectively prepared by adding 0.03% of the compound
represented by formula (I-c-1)t0 99.97% of the liquid crystal
compositions LC-3 to LC-5. The values of the physical prop-
erties of LCM-3 to LCM-5 were substantially the same as
those before the addition of the compound.

The initial VHR of each of the liquid crystal compositions
LCM-3 to LCM-5 was substantially the same as the VHR
after the composition was left to stand at a high temperature of
150° C. for one hour. VA liquid crystal display elements were
prepared by using the liquid crystal compositions LCM-3 to
LCM-5, and image sticking and a drop mark of each of the
liquid crystal display elements were evaluated. Good results
were obtained as shown below.

TABLE 7
LCM-3 LCM-4 LCM-5
Initial VHR (%) 98.4 9.2 98.5
VHR (%) after 1 hour at 150° C. 98.1 9%.2 98.1
Evaluation of drop mark A A A
Evaluation of image sticking A A A

Examples 5 to 7

Liquid crystal compositions LC-6 to LC-8 shown below
were prepared, and the values of the physical properties of
LC-6 to LC-8 were measured. The results are shown in the
table below.

TABLE 8
Example 5
Liquid crystal composition LC-6

T/ C 80.1
An 0.093
no 1.479
€ 3.14
€ 6.09
Ae -2.95
r/mPa - s 19.0
y,/mPa s 96
3-Cy—Cy-2 23%
3-Cy—Cy-4 6%
3-Cy—Cy—V 9%
3-Cy—Cy—V1 5%
3-Cy—Ph5—02 %
3-Cy—Ph5—04 7%
2-Cy—Ph—Ph5—02 6%
3-Cy—Ph—Ph5—02 %
3-Cy—Cy—Ph5—03 7%
4-Cy—Cy—Ph5—02 8%
5-Cy—Cy—Ph5—02 7%
3-Ph—Ph5—Ph-2 4%
4-Ph—Ph5—Ph-2 4%

Example 6

Liquid crystal composition L.C-7

Ty/° C. 80.4
An 0.113
no 1.487
€ 3.19
[ 6.18
Ae -2.99
n/mPa - s 20.2
y/mPa-s 107
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TABLE 8-continued TABLE 10
5-Ph—Ph-1 10% Example 8
3-Cy—Cy—V 20% Liquid crystal composition LC-9
3-Cy—Cy—V1 9%
V-Cy—Cy—Ph-1 4% 5 Tpr° C. 75.3
3-Cy—Ph5—02 7% An 0.097
3-Cy—Ph5—04 7% no 1.481
2-Cy—Ph—Ph5—02 6% € 3.15
3-Cy—Ph—Ph5—02 7% €L 6.14
3-Cy—Cy—Ph5—03 % Ae -299
4-Cy—Cy—Ph5—O02 8% 10 ”/;?HI;Z s 1(1)515-1
5-Cy—Cy—Ph5—02 7% “él_ oy 204
3-Ph—PhS—Ph-2 4% S Ph P o
4-Ph—Ph5—Ph-2 4% 30y Cy v Lo
3-Cy—Cy—V1 6%
Example 7 s 3-Cy—Phs—O2 7%
Liquid erystal composition I.C-§ 3-Cy—Ph3—04 8%
2-Cy—Ph—PhS—02 6%
Tn* C. 80.2 3-Cy—Ph—Ph5—02 7%
An 0.1119 3-Cy—Cy—Ph5—03 7%
o 1.4850 4-Cy—Cy—Ph5—02 7%
€ 3.30 5-Cy—Cy—Ph5—02 7%
e 6.4 20 3-PhPhS—Ph-2 4%
Ae 294 4-Ph—Ph5—Ph-2 4%
n/mPa - s 18.7
y/mPa - s 108 o Fxample9
3CyPhOL 4% Liquid crystal composition L.C-10
3-Cy—Cy—V 25% -
3-Cy—Cy—V1 10% » Zﬁ’/ ¢ Sé'} 05
2-Cy—Ph5—02 7% o g4
3-Cy—Ph5s—04 8% . 3%
2-Cy—Ph—Ph5—02 5% . 611
3-Cy—Ph—Ph5—02 6% Ae 283
3-Cy—Cy—Ph5—03 6% 30 nmPa s 20.8
4-Cy—Cy—Ph5—02 7% y/mPa - s 119
5-Cy—Cy—Ph5—02 6% 3-Cy—Cy-2 25%
3-Ph—PhS—Ph-2 8% 3-Cy—Cy-4 10%
4-Ph—Ph5—Ph-2 8% 3-Cy—Ph—O1 4%
2-Cy—Ph5—02 12%
35 2-Cy—Ph—Ph5—02 5%
] - 0,
Liquid crystal compositions LCM-6 to LCM-8 were 383;;1;71;11115513323 302
respectively prepared by adding 0.03% of the compound 4-Cy—Cy—Ph5—02 8%
represented by formula (I-c-1)t0 99.97% of the liquid crystal 5-Cy—Cy—Ph5—02 7%
compositions LC-6 to LC-8. The values of the physical prop- 3-Ph—Ph3—Ph-2 3
: 20 4-Ph—Ph5—Ph-2 8%

erties of LCM-6 to LCM-8 were substantially the same as
those before the addition of the compound.

The initial VHR of each of the liquid crystal compositions
LCM-6 to LCM-8 was substantially the same as the VHR
after the composition was left to stand at a high temperature of
150° C. for one hour. VA liquid crystal display elements were
prepared by using the liquid crystal compositions LCM-6 to
LCM-8, and image sticking and a drop mark of each of the
liquid crystal display elements were evaluated. Good results
were obtained as shown below.

TABLE 9
LCM-6 LCM-7 LCM-8
Initial VHR (%) 98.3 9R.5 984
VHR (%) after 1 hour at 150° C. 98.2 98.1 98.1
Evaluation of drop mark A A A
Evaluation of image sticking A A A

Examples 8 and 9

Liquid crystal compositions LC-9 and LC-10 shown below
were prepared, and the values of the physical properties of
LC-9 and LC-10 were measured. The results are shown in the
table below.
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Liquid crystal compositions LCM-9 and LCM-10 were
respectively prepared by adding 0.03% of a compound rep-
resented by formula (I-a-1):

[Chem. 16]

(La-1)
C(CHj)3

CoHyo OH

C(CH;)3

to 99.97% of the liquid crystal compositions LC-9 and
LC-10. The values of the physical properties of LCM-9 and
LCM-10 were substantially the same as those before the
addition of the compound.

The initial VHR of each of the liquid crystal compositions
LCM-9 and LCM-10 was substantially the same as the VHR
after the composition was left to stand at a high temperature of
150° C. for one hour. VA liquid crystal display elements were
prepared by using the liquid crystal compositions LCM-9 and
LCM-10, and image sticking and a drop mark of each of the
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liquid crystal display elements were evaluated. Good results
were obtained as shown below.

TABLE 11
LCM-9 LCM-10
Initial VHR (%) 97.9 97.6
VHR (%) after 1 hour at 150° C. 97.5 973
Evaluation of drop mark A A
Evaluation of image sticking A A
Example 10

A polymerizable liquid crystal composition CLCM-1 was
prepared by adding 0.3% of a polymerizable compound rep-
resented by a formula:

[Chem. 17]

S QAtyw

t0 99.7% of the liquid crystal composition LCM-1 described
in Example 1, and uniformly dissolving the polymerizable
compound. This polymerizable liquid crystal composition
was injected, by a vacuum injection method, into a cell with
ITO, the cell having a cell gap of 3.5 um and including
polyimide alignment layers that induced homeotropic align-
ment. After the injection, the liquid crystal cell was irradiated
for 600 seconds using a high-pressure mercury lamp having a
peak wavelength of 300 to 400 nm while the irradiation inten-
sity on the surface of the cell was adjusted to 10 mW/cm? in
a state where a voltage was applied, thus fabricating a verti-
cal-alignment liquid crystal display element in which the
polymerizable compound in the polymerizable liquid crystal
composition was polymerized. Image sticking and a drop
mark of the liquid crystal display element were evaluated.
Good results were obtained as shown below.

TABLE 12

Evaluation of drop mark
Evaluation of image sticking

>

Comparative Examples 3 and 4

Polymerizable liquid crystal compositions CLCM-2 and
CLCM-3 were respectively prepared by adding 0.3% of a
polymerizable compound represented by a formula:

[Chem. 18]

QALY

to 99.7% of the liquid crystal composition LC-1 used in
Comparative Example 1 and the liquid crystal composition
LCM-2 used in Comparative Example 2, and uniformly dis-
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solving the polymerizable compound. Each of these polymer-
izable liquid crystal compositions was injected, by a vacuum
injection method, into a cell with ITO, the cell having a cell
gap of 3.5 um and including polyimide alignment layers that
induced homeotropic alignment. After the injection, each of
the liquid crystal cells was irradiated for 600 seconds using a
high-pressure mercury lamp having a peak wavelength of300
to 400 nm while the irradiation intensity on the surface of the
cell was adjusted to 10 mW/cn1? in a state where a voltage was
applied, thus fabricating vertical-alignment liquid crystal dis-
play elements in which the polymerizable compound in the
polymerizable liquid crystal compositions was polymerized.
Image sticking and a drop mark of the liquid crystal display
elements were evaluated. Results inferior to those of Example
10 were obtained as shown below.

TABLE 13
Element Element
prepared using prepared using
CLCM-2 CLCM-3
Evaluation of drop mark D D
Evaluation of image sticking D C

Examples 11 to 13

Polymerizable liquid crystal compositions CLCM-4,
CLCM-5, and CLCM-6 were respectively prepared by add-
ing 0.3% of a polymerizable compound represented by a
formula:

[Chem. 19]

t0 99.7% of the liquid crystal compositions LCM-6, LCM-7,
and LCM-8 respectively described in Examples 5, 6 and 7,
and uniformly dissolving the polymerizable compound. Each
of these polymerizable liquid crystal compositions was
injected, by a vacuum injection method, into a cell with ITO,
the cell having a cell gap of 3.5 pm and including polyimide
alignment layers that induced homeotropic alignment. After
the injection, each of the liquid crystal cells was irradiated for
600 seconds using a high-pressure mercury lamp having a
peak wavelength of 300 to 400 nm while the irradiation inten-
sity on the surface of the cell was adjusted to 10 mW/cm? in
a state where a voltage was applied, thus fabricating vertical-
alignment liquid crystal display elements in which the poly-
merizable compound in the polymerizable liquid crystal com-
positions was polymerized.

TABLE 14
Element Element Element
prepared prepared prepared
using using using
CLCM-4 CLCM-5 CLCM-6
Evaluation of drop mark A A A
Evaluation of image sticking A A A
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Image sticking and a drop mark of each of the liquid crystal
display elements were evaluated. Good results were obtained
as shown above.

The invention claimed is:

1. A nematic liquid crystal composition comprising:

as a first component, at least one compound represented by

general formula (I):

[Chem. 1]

@
C(CHs)s

R!I—M! OH

C(CH3)3

(where R' represents a linear or branched alkyl group hav-
ing 1 to 22 carbon atoms and one CH,, group in the alkyl
group may be substituted with —O—; and M" repre-
sents a trans-1,4-cyclohexylene group, or asingle bond);
and,

as a second component, at least one compound selected
from the group consisting of compounds represented by
general formula (11):

[Chem. 2]
an

(where R*! and R* each independently represent an alkyl
group having 1 to 10 carbon atoms or an alkenyl group
having 2 to 10 carbon atoms and X*! to X** each inde-
pendently represent a hydrogen atom or a fluorine atom),
wherein a dielectric anisotropy (A€) at 25° C. is =2.0 or
less.

2. The nematic liquid crystal composition according to

claim 1, further comprising, as a third component, at least one
compound represented by general formula (I11):

[Chem. 3]

a

(where 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>! repre-
sents a trans-1,4-cyclohexylene group or a 1,4-phe-
nylene group, one or two —CH,— groups in the trans-
1,4-cyclohexylene group may be substituted with
—O— so that oxygen atoms are not directly adjacent to
each other, and one or two hydrogen atoms in the phe-
nylene group may be substituted with a fluorine atom;
and n’' represents 0 or 1).
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3. The liquid crystal composition according to claim 1 or 2,
further comprising at least one compound selected from the
compound group represented by general formulae (IV-a) to
(Iv-d):

[Chem. 4]
(V-2)
R41 O_Q R42
(IV-b)
(IV-¢)
R4SO_O_Q R46
(Iv-d)

(where R* to R*® each independently represent an alkyl
group or alkoxy group having 1 to 10 carbon atoms, oran
alkenyl group having 2 to 10 carbon atoms).

4. The nematic liquid crystal composition according to
claim 3 wherein, in general formula (I), R* represents a linear
or branched alkyl group having 1 to 10 carbon atoms and M*
represents a trans-1,4-cyclohexylene group.

5. The nematic liquid crystal composition according to
claim 4, wherein the content of the at least one compound
represented by general formula (T) is 0.001% to 1% by mass,
and the content of the at least one compound represented by
general formula (11) is 5% to 30% by mass.

6. The nematic liquid crystal composition according to
claim 5, further comprising a polymerizable compound rep-
resented by general formula (V):

[Chem. 5]
V)
y OOy
XSI 0 0 XSZ

(where X! and X*? each independently represent a hydro-
gen atorn or a methyl group;

Sp* and Sp* each independently represent a single bond, an
alkylene group having 1 to 8 carbon atoms, or —O—
(CHZ)Si

(where s represents an integer of 2 to 7 and the oxygen atom
is bonded to an aromatic ring);

7> represents —OCH,—, —CH,0—, —COO—,
—0C0—, —CF,0— —OCF,— —CH,CH,—,
—CF,CF,—, —CH—CH—C0O0—, —CH—CH—
0CO—,—COO0—CH=CH—, —OCO—CH=CH—,
—COO—CH,CH,—, —OCO—CH,CH,—,
—CH,CH,—CO0—, —CH,CH,—0CO0—,
—CO0—CH,—, —OCO—CH,—, —CH,—C00—,
—CH,—0CO—, —CY'=CY*— (where Y' and Y*
each independently represent a fluorine atom or a hydro-
gen atom), —C=C—, or a single bond; and
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M?>! represents a 1,4-phenylene group, a trans-1,4-cyclo-
hexylene group, or a single bond, and any hydrogen
atom in all the 1,4-phenylene groups in the formula may
be substituted with a fluorine atom).

7. A liquid crystal display element comprising a first sub-
strate having a common electrode composed of a transparent
conductive material; a second substrate having pixel elec-
trodes composed of a transparent conductive material and
thin-film transistors that control the pixel electrodes provided
for respective pixels; and a liquid crystal composition sand-
wiched between the first substrate and the second substrate,
the liquid crystal composition including liquid crystal mol-
ecules that are aligned substantially perpendicularly to the
substrates when no voltage is applied, wherein the nematic
liquid crystal composition according to claim 6 is used as the
liquid crystal composition.

8. A polymer-stabilized mode liquid crystal display ele-
ment produced by using the nematic liquid crystal composi-
tion according to claim 6, the liquid crystal composition
containing a polymerizable compound, and polymerizing the
polymerizable compound contained in the liquid crystal com-
position with or without application of a voltage.
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