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NEMATIC LIQUID CRYSTAL COMPOSITION

AND LIQUID CRYSTAL DISPLAY DEVICE USING THE SAME

TECHNICAL FIELD
The present invention relates to nematic liguid crystal
compositions which are useful as electro-optical display

materials, and a liquid crystal display device using the same.

BACKGROUND ART

Representative liquid crystal display elements include
TN-LCDs (twisted nematic liquid crystal display element), that
is used in clocks, electronic calculators, handheld
organizers, pocket computers, word processors and personal
computers. As the volume of information processed by office
automation equipment increased, the STN (super twisted
nematic) LCD was developed by Scheffer et al. (SID ’85
Digest, p. 120, 1985) and Kinugawa et al. (SID ’86 Digest, p.
122, 1986), and found wide use in portable terminals, handheld
organizers, pocket computers, word processors, personal
computers and display terminals for sophisticated information
processing;

Recently, the active addressing drive method (Proc. 12%
IDRC p. 503, 1992) and multi-alignment addressing drive method
(SID "92 Digest, p. 232, 1992) have been proposed for

improviné—ihe response characteristics of STN~LCDs. For the
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purpose of providing displays with a higher brightness and
higher contrast ratio, the use of a modified reflection type
color LCD display method (Television Association Technical
Report, vol. 14, No. 10, p.51, 1990) that utilizes the
birefringence of a liquid crystal and a retardation plate
instead of a color filter, and a liquid crystal display device
provided with a reflecting surface having small parabolic
surfaces formed on the substrate electrode side have been
proposed.

For application to large display areas, in particular, it
is required to achieve uniformity of the display, despite the
temperature distribution of the backlight, and high contrast.
This calls for a liquid crystal material that has more stable
orientation and lower dependence on the temperature, or an
appropriate birefringent index for limiting the variations in
the cell thickness. Also because the display is driven with a
higher duty ratio as the number of pixels increases, it is
required to improve the response characteristics and the
display tone characteristics accordingly.

For the medium- and small displays for portable
applications, on the other hand, it is important to achieve
stability of the display regardless of the operating
temperature. This calls for a liquid crystal material that
allows a lowef driving voltage in order to improve the
response characteristics and reduce the power consumption,
lower temperature dependence of the driving voltage in extreme

———— —a———

temperature ranges from -30 to 0°C and 40 to 80°C, higher
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sharpness and lower frequency dependence for driving with the
desired duty ratio in the temperature range. Moreover,
although it sheuld be avoided to make the electric resistance
(resistivity) of the liquid crystal too low to decrease the
power consumption, the resistivity should be set to a proper
level that is not high enough to cause burning of the display.
Thus there still remain various requirements for improved
liquid crystal materials having slightly different
characteristicg that are differente from each other.

For this purpose, the liquid crystal material is required
to have an optimized set of characteristics including physical
properties such as birefringent index, elastic constant,
dielectric congtant anisotropy, lower viscosity, broader
nematic temperature range, chemical stability and electrical
stability (a desired resistivity and voltage holding ratio), a
pre-tilt angle related to the orientation and a wider d/p
margin. Accordingly, there are still demands for new liquid
crystal compounds and liquid crystal compositions.

Meanwhile, active matrix liquid crystal display devices
have been used for such applications as portable terminals,
liquid crystal 'television screens, projectors and computers,
by taking -advantage of the high display quality thereof. 1In
the active matﬁix liquid crystal display device, a TFT (thin
film transisto;), an MIM (metal-insulator-metal) element or
the like is used for each pixel, and a high voltage holding

ratio is required for this display method. For the purpose of

achieving a wider viewing angle, a super TFT that combines the
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IPS mode was proposed by Kondo et al. (Asia Display ’95
Digest, p. 707, 1995). (The liquid crystal display elements of
the active mat&ix display method will be hereinafter
collectively referred to as TFT-LCDs.) In order to provide for
such new display elements, various proposals have been made of
new liquid cry?tal compounds and new liquid crystal
compositions,rsuch as Japanese Unexamined Patent Application,
First Publication No. Hei 2-233626 and Published Japanese
Translation No, Hei 4-501575 of the PCT Application.

In orderito provide for a TFT-LCD based on polysilicon
technology, which has been a focus of attention recently,
there are demaAds for a liquid crystal material having a
higher voltage holding ratio and higher immunity to staining,
a liquid crystal material having faster response
characteristicg with a lower driving voltage and a liquid
crystal materi&él having a birefringent index within a range
from 0.08 to 0,15. Requirements are becoming further
differentiated; such as a liquid crystal materials with lower
possibilities of display defects, in order to improve the
production yie}d, and liquid crystal materials capable of
providing greaﬁer pre-tilt angles.

As a—&iqu;d crystal material capable of providing a
brighter displ;y and higher contrast without the need for a
polarizer platé or an alignment treatment process, liquid
crystal display elements made by dispersing liquid crystal
droplets in a polymer are disclosed in Published Japanese

Translation No:; Sho 58-501631 of the PCT Application, U.S.
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Patent No.4,43%,047, Published Japanese Translation No. Sho
61-502128 of tﬁe PCT Application, Japanese Unexamined Patent
Application, First Publication No. Sho 62-2231, and the like.
(These liquid erystal display elements will be hereinafter
collectively referred to as PDLCs.) These elements have such
problems that it is necessary to optimize the birefringences
of the liquid erystal materials and the birefringence of the
polymer, and a high voltage is required to achieve sufficient
transparency. On the other hand, in order to achieve low-
voltage drive éapability, high contrast and multiplexing
drive, U.S. Patent No. 5,304,323 and Japanese Unexamined
Patent Application, First Publication No. Hei 1-198725
disclose liquid crystal display elements having such a
structure that - the liquid crystal material forms a continuous
layer and a polymer is distributed in the continuous layer in
a three-dimensional network structure. (This liquid crystal
display element will be hereinafter referred to as a PN-LCD.)
For a liqpid crystal material used for the purpose
described abové, European Patent Publication No. 359,146
discloses a method for optimizing the birefringent index and
dielectric congtant anisotropy of the liquid crystal material,
Japanese UYnexamined Patent Application, First Publication No.
Hei 6-222320 d?scloses a technology to set a particular
elastic constaft of the liquid crystal material, and Japanese
Unexamined Patent Application, First Publication No. Hei 5-
339573 discloses the use of a fluoro compound. However, there

remain problems in the volta&g_holding ratio with high
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resistance, low driving voltage, contrast ratio related to the
intensity of light scattering, response speed, temperature
characteristics and other properties, and development efforts
are still being made.

As described above, liquid crystal display elements are
still required to have a capability to display with higher
resolution and higher density, faster response speed for a
driving voltage and ambient temperature, lower driving voltage
with high chemical and electrical stability, higher tone
display characteristics, and higher contrast for the operating
temperature and view angle. For this purpose, research and
development activities are underway to find liquid crystal
materials that have nematic characteristics over a wide
temperature range, maintain the nematic phase for a long
period of time while being stored at a low temperatures, with
a lower viscosity that allows improved response
characteristics and capable of operating at a desired driving
voltage, particularly at a lower driving voltage. Efforts for
improvements are also focused on the design and temperature
dependence of the birefringent index, dielectric constant
anisotropy, elastic constant, light wavelength dependence of
the birefringent index, and frequency dependency of the
dielectric constant anisotropy in correspondence to the duty
number.

As compounds related to the general formula (I-1) of the
present invention, compounds of the following general formulas

(al-1) to (al-8) are describégj’ For example, compoﬁnds of the
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general formula (al-1) are disclosed in Helvetica Chimica
Acta, vol. 68, p. 1406 (1985), Mol. Cryst. Lig. Cryst., vol.
206, p. 187 (f991), and Liqg. Cryst., vol.l15, p.123 (1993):
compounds of the general formula (al-2) are disclosed in
Published Japanese Translation No. Hei 4-504571 (1992) of the
PCT Application, U.S. Patent No. 5,252,253 (1993); compounds
of the general formula (al-3) are disclosed in Mol. Cryst.
Lig. Cryst., vol. 206, p. 187 (1991), Lig. Cryst., vol. 15, p.
123 (1993), Japanese Unexamined Patent Application, First
Publication No; Hei 1-160924 (1989), German Patent Application
No. 3837208A (1998) and U.S. Patent No. 5,084,204 (1992);
compounds of the general formula (al-4) are disclosed in Mol.
Cryst. Liq. Cryst., vol. 37, p. 249 (1976) and U.S. Patent No.
3,925,237 (1975); compounds of the general formula (al-5) are
disclosed in Mel. Cryst. Liqg. Cryst., vol. 53, p. 147 (1979)
and Japanese Unexamined Patent Application, First Publication
No. Sho 53-22882 (1978); compounds of the general formula (al-
6) are disclosed in Japanese Unexamined Patent Application,
First Publication No. Hei 54-157541 (1979), U.S. Patent No.
4,261,651 (1981) and GB Patent No. 2023136B (1979); compounds
of the general formula (al-7) are disclosed in Mol. Cryst.
Lig. Cryst<=, vbl. 37, p. 249 (1976); and compounds of the
general formulé (al-8) are disclosed in GB Patent Application

No. 2271771A (1994).



18 MAR 2003

8

(al-1) RN (a1-2) RON

(21-3) R@f;—o (a1-4) R‘@fON

(al-5) RO‘QCON (a1-6) R"—O-(CHQ)N
(al-7) RoN

0
(al-8) RO‘O%CHZHXO
- A k0 LO

(a1-9) R~ )X )oN
1 fko

@110 R~ Ko
i 10

(F) (F)

(a1-12) R coo—@-@—z"
Lo

(a1-18) R~_)-coo-i_ K )2
L ko

(a1-18) R~_)~c00—~<_)-co0~_)—7°
(a1-16) R )—c=c{_ )1 )7’
: : i

(wherein R® represents an alkyl group, an alkoxy group, or an
alkanoyloxy group, X% represents CN or F, 20 represents R" or
CN, and k° represents 1 or 2).

However, patents with respect to Japanese Unexamined
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Patent Application, First Publication No. Hei 1-160924 (1989),
German Patent Application No. 3837208A (1998), and GB Patent
Application No. 2271771A (1994) were not completed and,
therefore, techniques related to compounds of the general
formulas (al-1l) to (al-8) are scarcely known. Concerning
detailed description of the compounds, although the phase
transition temperatures of the compounds of the general
formulas (al-1l) to (al-5) and (al-7) as well as the
birefringent inaex, dielectric constant anisotropy or
transition enthalpy of some of these compounds have been
reported, the alastic constants and viscosities were not
known. As for compositions, although combinations of
compounds of the general formulas (al-l) to (al-8) with
general compounds, or combinations with compounds of the
general formulas (al-9) to (al-11l), or combinations with
compounds of thHe general formulas (al-9) to (al-16) are
described, specific examples thereof are scarcely disclosed.
Application examples using the liquid crystal compositions,
e.g. specific examples related to liquid crystal display
elements, liquid crystal display devices or the like are
scarcely disclaesed.

As compouﬁps related to the general formula (I-2),
compounds 6f tﬁe following general formulas (a2-1) to (a2-2)
are described. 'For example, the compound of the general
formula'(aZ—l) is disclosed in GB Patent Application No.
2271771A (1994); and the compound of the general formula (a2-

2) is disclosed in Mol. Crysz—Liq. Cryst., vol. 206, p. 187
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(1991), Lig. Cryst. wvol. 15, p. 123 (1993), Japanese
Unexamined Patent Application, First Publication No. Hei 1-
160924 (1989), German Patent Application No. 3837208A (1989),
U.S. Patent No. 5,084,204A (1992) and Mol. Cryst. Lig. Cryst.,

vol. 37, p.249 (1976).

(a2-2) R%-(A%-ZOm-Atc=cA’-(Z’-A%n-R°

(a2-3) RQ;LQ—GO—E—RO

(a2-4) R™-L*COO-E-R’

(a2-5) R™-L*0CO—£-R’

(a2-6) R%-L™-CH;CHsE-R’

(a2-7) R%L*Cc=c-E-R°
(wherein R® represents an alkyl group, X° represents CN or F,
10 represents F, Zorepresents a single bond, the ring a‘
represents cyclohexylene, and k° m and n represent 0 or a
natural number).

However, patents with respect to Japanese Unexamined
Patent Application, First Publication No. Hei 1-160924 (1989),
German Patent Application No. 3837208A (1998), and GB Patent
Applicatidn No., 2271771A (1994) were not completed and,
therefore, techniques related to compounds of the general
formulas (a2-1) to (a2-2) are scarcely known. Concerning
detailed description of the compounds, the phase transition
temperature, biiefringent index, dielectric constant

.

anisotropy, elastic constant and viscosity of compounds of the
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general formulas (a2-1) to (a2-2) are not known. General
advantages are described, while Lig. Cryst., vol. 15, p. 123
(1993) describes that the viscosity of the compounds included
in these documents is disadvantageous; Mol. Cryst. Lig.
Cryst., vol. 261, p. 79 (1995) describes the compound in a
narrow range @xhibits liquid crystal properties; and Japanese
Unexamined Paﬁent Application, First Publication No. Hei 1-
160924 (1989) describes that the compound of the general
formula (a-2) makes the dielectric constant anisotropy of a
ligquid crystal mixture negative, so that the physical
properties repgorted in these documents and those of the
present invention conflict with each other. Therefore, these
diclosures are far from technically reporting the present
invention in & manner such that a person with ordinary skill
in the art can easily use the present invention.

As for compositions, although combinations with general
compounds such as combinations with compounds of the general
formulas (a2-3) to (a2-7) are described, specific examples
thereof are not disclosed. Accordingly, application examples
using the liquid crystal composition, e.g. specific examples
related to liquid crystal display elements, liquid crystal
display devices or the like are not disclosed.

As compounds related to the general formula (I-3),
compounds of ﬁhe following general formulas (a3-1) to (a3-15)
are described. For example, the compound of the general
formula (a3-1) is disclosed in Mol. Cryst. Lig. Cryst., vol.

37, p. 249 (1976); compounds of the general formulas (a3-2) to
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(a3-4) are disclosed in Helvetica Chimica Acta, vol. 64, Fasc.
6, p. 1847 (1985)—Nr.176, Helvetica Chimica Acta vol. 68, p.
1406 (1985), Mol. Cryst. Lig. Cryst., vol. 206, p. 187 (1991),
and Lig. Cryst., vwvol. 15, p. 123 (1993); the compound of the
general formula (a3-5) is disclosed in Japanese Unexamined
Patent Applicatﬁon, First Publication No. Sho 61-282345
(1986), compounds of the general formulas (a3-6) to (a3-10)
are disclosed in Helvetica Chimica Acta, vol. 68, p. 1406
(1985), Published Japanese Translation No. Hei 4-504571 (1992)
of the PCT Application, Japanese Patent No. 2667577, U.S.
Patent No. 5,2%2,253 (1993), GB Patent Application No.
2244710A (1992) and European Patent No. 453503B1 (1995); the
compound of the general formula (a3-11) is disclosed in Mol.
Cryst. Lig. Cryst., vol. 206, p. 187 (1991), Liq. Cryst., vol.
15, p. 123 (1993), Japanese Unexamined Patent Application,
First Publication No. Hei 1-160824 (1989), German Patent
Application No. 3837208A (1989) and U.S. Patent No. 5,084,204A
(1992); the compound of the general formula (a3-12) is
disclosed in Japanese Unexamined Patent Application, First
Publication No., Hei 1-160924 (1989), German Patent Application
No. 3837208A (1989), U.S. Patent No. 5,084,204A (1992) and
Mol. Cryst= Liq. Cryst., vol. 261, p. 79 (1995); and compounds
of the genéralaformulas (a3-13) to (a3-15) are disclosed in GB

Patent Application No. 2271771A (1994).
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@2-2) R~A™-ZOm-atc=cA’"-Z’-A)nR’

(a2-3) R%-L*G*E-R’

(a2-4) R™-L“COO—E-R

(a2-5) R™-L*0CcO—&-R’

(a2-6) R°~L%-CHyCHsE-R’

@2-7) R™-L*c=cE-R’
(wherein R’ represents an alkyl group or an alkoxy group, X?
represents CN or F, 2Z° represents a single bond, and k°
represents 0, 1 or 2).

However, patents with respect to Japanese Unexamined
Patent Application, First Publication No. Hei 1-160924 (1989),
German Patent Application No. 3837208A (1998), and GB Patent
Application No. 2271771A (1994) were not completed and,
therefore, techniques related to compounds of the general
formulas (a3-1)lto {a3-15) are scarcely known. Concerning
detailed description of the compounds, only the phase
transition temperatures of the compounds of the general
formulas (a3-1) to (a3-12) and the physical properties of a
limited number ¢©f these compounds, e.g. the dielectric
constant anisotropy of the compound of the general formula
(3a-1), the birefringent index of compounds of the general
formulaé (a3-2) and (a3-3), the birefringent index and
dielectric constant anisotropy of the compound of the general

formula _a3-5),'the birefringent index of the compdund of the
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general formula (a3-11), and the birefringent index,
dielectric consiant anisotropy or transition enthalpy of the
compound of the: general formula (a3-12) are known, and the
elastic constants and viscosities are not known. General
advantages are described, while Lig. Cryst., vol. 15, p. 123
(1993) describes that the viscosity of compounds of the
general formula% (a3-2) and (a3-3) is disadvantageous; Mol.
Cryst. Lig. Cryst., vol. 261, p. 79 (1995) describes that the
compound of the general formula (a3-12) in a narrow range
exhibits liquid crystal properties; and Japanese Unexamined
Patent Application, First Publication No. Hei 1-160924 (1989)
describes that compounds of the general formulas (a3-11) and
(a3-12) make the dielectric constant anisotropy of a liquid
crystal mixture negative, so that the physical properties
reported in these documents and those of the present invention
conflict with each other. Therefore, these diclosures are far
from technically reporting the present invention in a manner
such that a pemson with ordinary skill in the art can easily
use the present invention.

As for coﬁpositions, although combinations with general
compounds such.as combinations of compounds of the general
formulas +a3-2i to (a3-4) with the compound of the general
formula (a3—18}, combinations of the compound of the general
formula (a3—5)iwith the compound of the general formula (a3-
17) and combingtions of compounds of the general formulas (a3-
6) to (a3-10) Qith compounds of the general formulas (a3-16)

to (a3—i8) are described, spégific examples thereof are not
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disclosed. Agcordingly, application examples using the liquid
crystal composition, e.g. specific examples related to liquid
crystal display elements, liquid crystal display devices or
the like are not disclosed.

As compounds related to the general formula (I-4),
compounds of the following general formulas (ad-1l) to (ad-2)
are described. For exaﬁple, the compound of the general
formula (a4-1) is disclosed in Japanese Unexamined Patent
Application, First Publication No. Sho 57-130929 (1982),
German Patent Application No. 3150312A (1982), U.S. Patent No.
4,432,885A (1984), GB Patent Application No. 2090593A (1982);
and the compound of the general formula (a4-2) is disclosed in
German Patent Application No. 156258A (1982), U.S. Patent No.
4,391,731A (1983) and Japanese Unexamined Patent Application,

FPirst Publication No. Sho 57-54130 (1982).

(a4-1) Rg-<::z:>}_<::>_c
N
_ 0
(a4-2) R‘Cb—coo o

(wherein R? represents an alkyl group).
However, these techniques do not disclose the
characteristics which are required at present. Only the

temperature range of the liquid crystal in the compounds or

!
compositions ~is known, but the dielectric constant anisotropy,
birefringent:index, elastic constant and viscosity are not

known. Although general advantages are described, no

technical knowledge related to STN-LCD and TFT-LCD, which
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would enable a person with ordinary skill in the art to use
them easily, 1s disclosed.

Furthermore, although the compositions are generally
described in Published Japanese Translation No. Hei 4-502781
(1992) of the PCT Application, WO091-05029 (1991) and U.S.
Patent No. 5,487,845, specific examples thereof are not
disclosed. Accordingly, application examples using the liquid
crystal composition, e.g. specific examples related to liquid
crystal display elements, liquid crystal display devices or
the like are not disclosed.

As compounﬁs related to the general formula (I-5), the
compound of the following general formula (a5-1) are
described, for example, Helvetica Chimica Acta, vol. 65,

Fasc.4, p. 1318 (1982)-Nr.125.

(a5-1) RN

(wherein R? represents an alkyl group).

However, techniques related to the characteristics
required at present are scarcely known. In detail, the
dielectric congtant anisotropy, birefringent index, elastic
constant and viscosity of the general formula (a5-1) are not
known. Accordingly, no technical knowledge related to TN-
LCDs, STN—LCDséand TFT-LCDs, which would enable a person with
ordinary skill.in the art to use them easily, is disclosed.

Furthermofe, although the compositions are generally
described in Published Japanese Translation No. Hei 4-502781

(1992) of the PCT Application; WO 91-05029 (1991) and U.S.

—



10

15

20

25

18 MAR 2003

17
Patent No. 5,487,845, specific examples thereof are not
disclosed. Accdtdingly, application examples using the liquid
crystal composition, e.g. specific examples related to liguid
crystal display ‘elements, liquid crystal display devices or

the like are not disclosed.

DISCLOSURE OF INVENTION

The present invention has the feature that the liquid
crystal component A is composed of a compound of the general
formula selected appropriately from compounds represented by
the general formulas (I-1) to (I-5). Such a nematic liquid
crystal composifion was not previously known.

The present invention is directed to a nematic liquid
crystal composition containing at least one of the compounds
represented by the general formulas (I-1) to (I-5) and, more
particularly, to a nematic liquid crystal composition
containing one, or two or more kinds of compounds of the
general formulas (I-1) to (I-5). The present invention
intends to meet the requirements for the liquid crystal
materials descrﬁbed above, or improve their properties, with a
novel nematic liquid crystal composition containing compounds
having a fused .ring, e.g. compound having a naphthalene-2,6-
divyl ring,-a 1LQ,3,4—tetrahydronaphthalene-Z,6-diyl ring and a
decahydronaphtﬁalene—Z,6—diy1 ring and compounds having a
substituent in any of these rings, or a combination of these
with compounds other than the compounds of the general

o m—

formulas (I-1) to (I-5), thus improving the characpéristics of

—
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the liquid crystal display elements described above.

More particularly, the present invention intends to
extend the operating temperature of the liquid crystal display
by making improvements in the co-solubility and in the storage
at low temperature, and to remedy the reduction in driving
voltage and the change in temperature, thereby to attain
comparatively fast response characteristics or to improve the
response characteristics for a predetermined driving voltage.
Also the present invention intends to improve various display
characteristics of MIM or TFT-LCDs or PDLCs by a liquid
crystal material having a desired birefringent index and to
improve display characteristics of PN-LCDs or PDLCs by a
liquid crystal material having a comparatively large
birefringent index.

To solve  the problems described above, the present
invention provides a nematic liquid crystal composition
comprising a liquid crystal component A composed of one, or
two or more kinds of compounds represented by one, two, or
three or more general formulas selected from the general

formulas (I-1) to (I-5):
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(wherein one, &r two or more CH groups, which are present in a
naphthalene-2, §-diyl ring, may be substituted with a N group,
one, or two or more -CH,- groups, which are present in a
decahydronaphthalene-2, 6-diyl ring, may be substituted with -
CF,-, one, or tﬁo or more —-CH;- CH;- groups, which are present
in said ring, may be substituted with -
CH,0-, -CH=CH-, -CH=CF-, -CF=CF-, -CH=N- or -CF=N-, one, or
two or more >CH-CH2—groups, which are present in said ring,
may be substitﬁted with >CH-0-, >C=CH-, >C=CF~, >C=N- or
>N-CH;-, a >CH€CH< group, which is present in the ring, may be
substitﬁted wi%h >CH-CF<, >CF-CF< or >C=C<«, and at least one C

in said non-substituted or substituted ring may be substituted

—— ——
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with Si;

R! each independently represents an alkyl group having 1
to 10 carbon atoms or an alkenyl group having 2 to 10 carbon
atoms, said alkyl or alkenyl group can have one, or two or
more F, Cl, CN, CHs; or CF3; as a non-substituent or substituent
group, and one, or two or more CH; group, which are present in
said alkyl or-;lkenyl group, may be substituted with O, CO or
C00, while O atoms do not bond with each other directly;

Q' each independently represents F, Cl, CFs;, OCFs;, OCF.H,
OCFH,, NCS, or CN;

X! to X® each independently represents H, F, Cl, CFs,
OCF3, or CN;

w! to W® each independently represents H, F, Cl, CFj,
OCF3;, or CN, and also W! each independently represents CHj;

K' to K®> each independently represents, a single
bond, -CO0O-, ~0OCO-, -CH,0-, -OCH;-, -CH=CH-, -CF=CF-, -C=
C-, - (CHz)2-, =(CHy)4-, -CH=CH-(CH3)2-, -{(CH;),-CH=CH-, -CH=N-,
=CH=N-N=CH-, ar -N{(O)=N-;

rings A' to A' each independently represents 1,4-
phenylene, 2- 'or 3-fluoro-1,4-phenylene, 2,3-difluoro-1,4-
phenylene, 3,5-difluoro-1,4-phenylene, 2- or 3-chloro-1,4-
phenylenef_2,é—dichloro—l,4—phenylene, 3,5-dichloro-1,4-
phenylene, pyﬁimidine—Z,S—diyl, trans-1,4-cyclohexylene,
trans-1, 4~cyclohexenylene, trans-1,3-dioxane-2,5-diyl, trans-
l-sila-1,4-cyclohexylene, trans-4-sila-1,4-cyclohexylene,
naphthalene-2, 6-diyl, 1,2,3,4—tetrahydronaphthalene—Z,6-diyl;

or decahydronéphthalene—Z,6—diyl, and naphthalene-2,6-diyl and
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1,2,3,4-tetrahydronaphthalene-2, 6-diyl can have one, or two or
more F, Cl, CF; or CH; as a non-substituent or substituent
group; |

one, or two or more hydrogen atoms, which are present in
a naphthalene-2, 6-diyl ring, a 1,2,3,4-tetrahydronaphthalene-
2,6-diyl ring, a decahydronaphthalene-2,6-diyl ring, a side
chain group R!, a polar group Q', linking groups K!' to K° and
rings A! to A!, may be substituted with a deuterium atom;

k! to k® each independently represents 0 or 1, k3 + k* is
0 or 1, and k> + k® + k¥’ + k® is 0, 1 or 2; and

atoms, which constitute the compounds of the general
formulas (I-1) to (I-5), may be substituted with isotope atoms
thereof); 0 to 99.9% by weight of a liquid crystal component B
composed of a compound having a dielectric constant anisctropy
of +2 or more as a liquid crystal component excluding the
compounds of the general formulas (I-1) to (I-5); and 0 to 85%
by weight of a liquid crystal component C composed of a
compound having a dielectric constant anisotropy within a
range from ~10 to +2; the sum total of said liquid crystal
component B &nd said liquid crystal component C being within a
range from 0-to 99.9% by weight.

The }igpid crystal component B can contain one, or two or
more kinds-of compounds selected from the group of compounds

represented by the general formulas (II-1) to (I-4):
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(I1-1)

(1i-2)

(11-3)

(11-4)

(wherein Rl, Qlland W' to W! are as defined above;

Y! and Y? each independently represents H, F, Cl, CFj,
OCFs;, or CN;

V represents CH or N;

P! to P?® each independently represents, a single
bond, -C0O0-, -0CO-, -CH,0-, -OCH;-, -(CH;)2—-, =-{(CHjz)4-, —-CH=CH-
(CH,) 2=, =-(CHy),»CH=CH-, -CH=N-, =CH=N-N=CH-, or -N(0)=N-, and
P! and P? each independently represents -CH=CH-, -CF=CF-, or C
=C-;

rings B* to B® each independently represents trans-1,4-
cyclohexyTene, ;rans—l,4—cyclohexenylene, trans-1, 3-dioxane-
2,5-diyl, trané;l—sila—l,4—cyclohexylene, or trans-4-sila-1,4-
cyclohexylene, and the ring B may also be 1,4-phenylene, 2-
or 3—flﬁoro—1,4—phenylene, 3,5-difluorol, 4-phenylene, 2 - or
3-chloro-1, 4-phenylene, 2,3-dichloro-1,4-phenylene, or 3,5-

dichloro-1, 4-phenylene;

Ty
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one, or two or more hydrogen atoms, which are present in
a side chain group R}, a polar group Q', linking groups P' to
P’ and rings B! to B?, may be substituted with a deuterium
atom;

p! to p3 each independently represents 0 or 1, and p? + p?
is 0 or 1; and

atoms, which constitute the compounds of the general
formulas (II-1) to (II-4), may be substituted with isotope
atoms thereof).

Also the'liquid crystal component C can contain compounds
selected from the group of compounds represented by the

general formulas (III-1) to (III-4):

(wherein W' to W’ are as defined above;
R? and R’ each independently represents an alkyl or alkoxy
group having 1 to 10 carbon atoms or an alkenyl or alkenyloxy

group héggng 2 to 10 carbon atoms, said alkyl, alkoxy, alkenyl

—
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or alkenyloxy group can have one, or two or more F, Cl, CN,
CHsz or CF3 as a.non~substituent or substituent group, and one,
or two or more’CHz group, which are present in said alkyl,
alkoxy, alkenyl or alkenyloxy group, may be substituted with
0, CO or COC, while O atoms do not bond with each other
directly;

z! to Z3 é?ch independently represents H, F, Cl, CFj,
OCF3, or CN, and z3 each independently represents -CHj;

M' to M® each independently represents, a single
bond, -COO0-, —éCO—, -CH;0-, -OCHz~, -(CH2)2-, =-(CHjy)4-, —-CH=CH-
(CHz) 2~, -(CHy)g-CH=CH-, -CH=N-, =CH=N-N=CH-, or -N(0)=N-, and
M and M3 each,independently represents -CH=CH-, -CF=CF-, or C
=C-;

rings C! to C° each independently represents trans-1,4-
cyclohexylene,;trans—l,4-cyclohexenylene, trans-1, 3-dioxane-
2,5-diyl, trans—l—sila—l,4—cyclohexylene, trans-4-sila-1,4-
cyclohexylene, naphthalene-2,6-diyl, 1,2,3,4-
tetrahydronaphthalene-2, 6-diyl, or decahydronaphthalene-2, 6-
diyl, naphthalene-2,6-diyl and 1,2,3,4-tetrahydronaphthalene-
2,6-diyl can héve one, or two or more F, Cl, CFs; or CH; as a
non-substituent or substituent group, and rings C' and C* may
also be 17@—ph$nylene, 2~ or 3-fluoro-1,4-phenylene, 3,5-
difluorol,4—p&énylene, 2 - or 3-chloro-1,4-phenylene, 2, 3-
dichloro-1,4—ébenylene, or 3,5-dichloro-1,4-phenylene;

oné, or two or more hydrogen atoms, which are present in
side chain groups R? and R®, linking groups M! to M’ and ringé

c' to C?, may Be substituted with a deuterium atom;

—
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m! to m® each independently represents 0 or 1, and m° + m’
is 0 or 1; and

atoms, whibh constitute the compounds of the general
formulas (III-1) to (III-4), may be substituted with isotope
atoms thereof).

Furthermore, the present invention provides an active
matrix, twisted nematic or super twisted nematic liquid
display devicerusing the above nematic liquid crystal
composition, or a light scattering type liquid display device
comprising a light modulation layer which contains the above

liquid crystal composition and a transparent solid substance.

BEST MODE FOR CARRYING OUT THE INVENTION

The liquid crystal composition of the present invention
contains, as an essential component, a liquid crystal
component A composed of compounds of the general formulas (I-
1) to (I-5). The compounds represented by the general
formulas (I-l):to (I-5) are characterized by a molecular
structure having, as a partial structure, non-substituted or
substituted naphthalene-2,6-diyl, decahydronaphthalene-2,6-~
diyl and 1,2,3;4-tetrahydronaphthalene-2, 6-diyl rings. The
ligquid crystal component A having this feature has the effects
that the respohse characteristics are maintained because of
the comparatijély good nematic phase-isotropic liquid phase
transition temperature, or that the driving voltage is reduced
without deteriorating the response characteristics, when

mixing the liquid crystal component A with a liguid crystal

—
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compound or composition, and has excellent characteristics
which are not found in a conventional liquid crystal compounds
having a reducéd driving voltage. The present inventors have
found that this effect can be exerted when the liquid crystal
composition contains a liquid crystal component A composed of
compounds of tﬁe general formulas (I-1) to (I-5), 0 to 99.9%
by weight of a liquid crystal component B composed of a
compound having a dielectric constant anisotropy of +2 or more
and 0 to 85% by weight of a liquid crystal component C
composed of a compound having a dielectric constant anisotropy
within a range from -10 to +2, the sum total of the liquid
crystal componént B and the liquid crystal component C being
within a range from 0 to 99.9% by weight. The liquid crystal
component A noticeably reduces the solid phase- or smectic
phase-nematic phase transition temperature and lengthens the
storage time at low temperature, thereby making it possible to
widen the display temperature range, when mixing the liquid
crystal component A with liquid crystal materials of the
liquid crystal component B and the liquid crystal component C.

As used herein, terms “naphthalene-2, 6-diyl ring”,
“decahydronaphthalene-2,6-diyl ring” and “1,2,3,4-
tetrahydrenaphthalene~2, 6-diyl ring” are defined as those
including both—non—substituted and substituted rings, unless
otherwise speqified. This definition is applied to the liquid
crystal components A and C. The substitution means the
following. In the case of the naphthalene-2,6-diyl ring,

substitufgd ones include those in which one, or two or more CH

——



10

15

20

25

1 4 MAR 2003
27

groups present in the ring are substituted with an N group,
and those having one, or two or more F, Cl, CF3 or CH3 groups
as substituentsl In the case of the 1,2,3,4-
tetrahydronaphthalene-2,6-diyl ring ring, substituted ones
include those having one, or two or more F, Cl, CF3, OCF3 or
CH; groups as the substituent. In the case of the
decahydronaphthalene-2, 6-diyl ring, substituted ones include
those in which one, or two or more —-CH,- groups, which are
present in the -ring, are substituted with -CF,-, one, or two
or more -CHy- CHp- groups, which are present in said ring, are
substituted with -CH,0-, -CH=CH-, -CH=CF-, -CF=CF-, -CH=N- or
-CF=N-, one, or two or more >CH-CH,-groups, which are present
in the ring, are substituted with >CH-0-, >C=CH-, >C=CF-,
>C=N- or >N-CHy~-, a >CH-CH< group, which is present in the
ring, is substituted with >CH-CF<, >CF-CF< or >C=C<, and at
least one C in:the non-substituted or substituted
decahydronaphthalene-2,6-diyl ring is substituted with Si.
Furthermore, those in which one, or two or more hydrogen
atoms, which are present in the naphthalene-2,6-diyl ring, the
decahydronaphthalene-2,6-diyl ring and the 1,2,3,4-
tetrahydronaphthalene-2,6-diyl ring, are substituted with a
deuteriumatom: are included.

Similarly; the terms “alkyl group” and “alkenyl group”
are defined as;those including both non-substituent and
substituent groups, unless otherwise specified. The alkyl

group and alkenyl group may be straight-chain or branched.

This definition is applied to the liquid crystal cémponents A,

—
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B and C.
In the prebent invention, more preferred compounds of the
general formulas (I-1) to (I-5) include the following

compounds of the specific general formulas (I-11) to (I-53).
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(I-41)

(1-42)

(1-43)

(1-44)

(I-45)

(1-46)

(I-51)

(1-52)

(1-53)

The present inventors have found it preferable in order
to obtain tha: effects of the present invention that the liquid
crystal comquent A contains one, or two or more kinds of
compounds selﬁcted from compounds represented by the general
formula (I-11) or (I-12) or contains compounds represented by

the general formulas (I-11) and (I-12) in combination, the
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content of the c¢ompounds being within a range from 5 to 100%
by weight, if tHe liquid crystal component A contains
compounds repreéented by the general formula (I-1).

The present inventors have found it preferable in order
to obtain the effects of the present invention that the liquid
crystal componeht A contains one, or two or more kinds of
compounds selecﬁed from compounds represented by the general
formula (I-21) and/or contains compounds represented by the
general formulas (I-22) and (I-23) alone or in combination,
the content of the compounds being within a range from 5 to
100% by weight, if the liquid crystal component A contains
compounds repre%ented by the general formula (I-2).

The present inventors have found it preferable in order
to obtain the effects of the present invention that the liquid
crystal component A contains one, or two or more kinds of
compounds selec;ed from compounds represented by the general
formula (I-31) or (I-32) or contains compounds represented by
the general formulas (I-31) and (I-32) in combination, the
content of the .compounds being within a range from 5 to 100%
by weight, if the liquid crystal component A contains
compounds représented by the general formula (I-3).

If the liguid crystal component A contains compounds
representéd by*&he general formula (I-4), the liquid crystal
component A cad be composed of compounds selected from one,
two, three or fbur general formulas among the general formulas
(I-41) to (I-46). The liquid crystal component A may be

composed_af each of the compdﬁﬁds of the general formula (I-

—
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41) alone, or may be composed of a combination with compounds
selected from one, two or three general formulas among the
general formulas (I-42) to (I-46). In this case, it is
preferred to dée it in combination with compounds selected
from compounds of the general formula (I-42) or (I-43). The
liquid crystal component A may be composed of each of the
compounds of the general formula (I-42) or (I-43) alone, or
may be composéd of a combination with compounds selected from
one, two or three general formulas among the general formulas
(I-41) and (I-44) to (I-46). In this case, it is preferred to
use it in com@ination with compounds selected from compounds
of the general formula (I-41). The liquid crystal component A
may be composed of each of the compounds of the general
formulas (I-44) to (I-46) alone because the temperature range
of the nematig¢ phase can be adjusted using a small amount of
these compounds, or may be composed of a combination of it
with compounds selected from one, two or three general
formulas among the general formulas (I-41) to (I-43). The
liquid crystal component A thus composed can contain one to
forty kinds of compounds selected from compounds of the
general formulas (I-41) to (I-46), but preferably contains one
to twentykings of compounds. The present inventors have
found that.thﬁ liquid crystal component A is preferable in
order to obtaﬁn the effects of the present invention.

The present inventors have found it preferable in order

to obtain the effects of the present invention that the liquid

crystal compdhent A contains one, or two or more kinds of

—
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compounds selected from compounds represented by the general
formula (I-51) or contains compounds represented by the
general formulaé (I-51) and (I-52) in combination, the content
of the compounds being within a range from 5 to 100% by
weight, if the liquid crystal component A contains compounds
represented by £he general formula (I-5).

According to the present invention, the liquid crystal
component A can be composed of compounds selected from one,
two, or three or more general formulas among the general
formulas (I-1) to (I-5). The liquid crystal component A may
be composed of any of the compounds of the general formulas
(I-1) to (I-5) alone, or may be composed of compounds selected
from compounds of two, or three or more general formulas in
combination. In this case, compounds selected from compounds
of the general ‘formulas (I-11), (I-12), (I-21), (I-31), (I-
32), (I-41), (1—42), (I-43), (I-51) and (I-52) are used alone
or in combination, particularly preferably.

In view of the above, more preferred embodiments of basic
structures of the compounds represented by the general
formulas (I-1) to (I-5) are compounds represented by the

general formulas (I-lla) to (I-53ab).
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Preferred embodiments of the formula (I-6) include

compounds represented by the following general formulas (I-6a)

to (I-6bc).

(I-6) RY-

(1-6a) CyHs (1-6g) CyH50— (I-6m) CyH;COO—
(I-6b) CsH— (I-6h) C3H,0— (I-6n) C3H,COO—
(I-6¢c) C4Hs— (I-61) C4HO— (I-60) C4HgCOO—
(I-6d) CsHir— (1-6J) CsH1 O~ (I-6p) CsH;COO—
(I-6e) CgH 5 (I-6k) CgHi30— (I-6q) CeH13COO~
(-60) C/His— (I-6D) CqH;50— (I-6r) C7H;5CO0—

(I-6s) CH3;0CHz—  (I-6x) CyHsOCHs—  (I-6ac) CsH;OCHz—
(I-6t) CH30C;Hr—  (I-6y) CyHs0CsHi—  (I-6ad) C3H7OCoHz—
(I-6u) CH30CsHg— (I-62z) CyHs0CsHg—  (I-6ae) CsH7;OCsHg—
(I-6v) CH30C4Hg—  (I-6aa) CoH50C4Hg—  (I-6af) C3H;OC4Hg—
(I-6w) CH3;OCsH;¢— (I-6ab) CoH50CsH;g— (I-6ag) C3H7OCsHi5—

(I-6ah) CHy=CH- (I-6a0) CHy=CHCH,0—
(I-6ai) CH3CH=CH— (I-6ap) CH3CH=CHCH,0—
(I-6aj) CyHsCH=CH— (I-6aq) C2HsCH=CHCH,0O—
(I-6ak) CsH;CH=CH—- (I-6ar) CHy=CHC3HeO—
(I-6al) CHy=CHCyH7i— (1-6as) CHy=CHC4HgO—~

(I-6am) CH3CH2=CHCoHz— (I-6at) CH3CH3=CHC4HgO—
(I-6an) CHa=CHC2HsCH=CH— (I-6au) CHy=CHCyHsCH=CHCH,0O—

(I-6av) CHF=CH— (I-6az) CHF=CHC,H1—
(I-6aw) CHy=CF— (I-6ba) CHy=CFCyHi—
(I-6ax) CF=CH— (I-6bb) CFp=CHCHi—
(I-6ay) CHF=CP-— (I-6bc) CHF=CFCoHi—
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More preferred embodiments of the partial structural
formula (I-71) of the naphthalene-—Z,G—diyl ring having a polar
group include compounds represented by the following general

formulas (I-71a) to (I-71lav).
1

5 3
1
(1-71)
4 W2

(I-71a) (1-71i) (I-71q)
o Ret

(I-71b) (I-71j) (I-71r)
o e L
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More preferred embodiments of the partial structural
formula (I-72) of 1,4-phenylene having a polar group include
compounds represented by the following general formulas (I-
72a) to (I-72r).

1

(I-72) !

(12— poN (12— )F (=129 _)Cl

(1—72b){§—CN <1—72e)d—|= (I—72h)~d€l
(1-72¢) N (1—729—C%f (1-723) -Cé—q

(I-72j) —@—c& (I- 72m 3 (- 72p)—©—OCF2H

(I—72k)d€F3 (I- 72n)'C§—OCF3 (I- 72q)‘C§—OCF2H
(I-721) F3 (1_720)“(%9(:[33 (I‘721‘)‘C€‘GCF2H
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According to the present invention, more preferred
embodiments of the partial structural formula (I-73) of the
1,2,3,4—tetrahydronaphthalene—Z,6—diyl ring having a polar

group are shown in the following general formulas (I-73a) to

5 (I-73bt).
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According to the present invention, more preferred

embodiments of the non-substituted or substituted
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decahydronaphthalene-2, 6-diyl ring are shown in the following

general formulas (I-74a) to (I-74dm).
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The respective compounds are used after sufficient
purification by removing impurities using a method such as
distillation, column purification, recrystallization or the
like.

In more detail, if a general liquid crystal composition
is prepared, the following compounds are preferably used as
the ligquid crystal component A, thereby making it possible to
obtain the effects of the present invention.

(I-ai): Compounds in which R! is an alkyl or alkenyl group
having 2 to 7 carbon atoms, in the general formulas (I-1) to
(I-5).

(I-ai-1): Specific compounds of the general formula (I-1) are
compounds having the basic structures of the general formulas
(I-1la) to (I-13ab) in which the side chain groups are (I-6a)
to (I-ef), (I-6ah) to (I-6an) and (I-6av) to (I-6bc) and the
partial structures of the polar group are represented by the
general formulas (I-7l1la) to (I-7lav), and preferably compounds
having the basic structures of the general formulas (I-1la) to
(I-12c¢), (I-12g) to (I-12i), (I-12m) to (I-120), (I-12s) to
(I-12u), (I-12y) to (I-12ax), (I-13h) and (I-130) to (I-13aa).
(I-ai-2): Specific compounds of the general formula (I-2) are
compounds having the basic structures of the general formulas
(I-21a) to (I-23jp) in which the side chain groups are (I-6a)
to (I-6f), (I-6ah) to (I-6an) and (I-6av) to (I-6bc) and the
partiai structures of the polar group are represented by the

general formulas (I-72a) to (I-72r), and preferably compounds

—————

having the basic structures of the general formulas (I-2la) to

—
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(I-21fx), (I-21gk) to (I-21gv), (I-22bi) to (I-22gv), (I-
22hu), (I-22hv), (I-22hx), (I-22ia), (I-22ib), (I-22id), (I-
22ih), (I-22ii), (I-22ik), (I-22in), (I-22io0), (I-22iq), (I-
22is), (I-22iu), (I-23ak) to (I-23fx), (I-23hi) to (I-23iv)
and (I-23je) to (I-23jp).
(I-ai-3): Specific compounds of the general formula (I-3) are
compounds having the basic structures of the general formulas
(I-31a) to (I-33dz) in which the side chain groups are (I-6a)
to (I-6f), (I-6ah) to (I-6an) and (I-6av) to (I-6ébc) and basic
structure of the polar group are represented by the general
formulas (I-72a) to (I-72r), and preferably compounds having
the basic structures of the general formulas (I-3la) to (I-
3lag), (I-32a) to (I-32ae), (I-32ai) to (I-32be), (I-32bg) to
(I-32cb), (I-32cd) to (I-32cy), (I-32da) to (I-32eh), (I-33bn)
to (I-33cg) and (I-33cl) to (I-33dz).
(I-ai-4): Specific compounds of the general formula (I-4) are
compounds having the basic structures of the general formulas
(I-41a) to (I-46g) in which the side chain groups are (I-6a)
to (I-6f), (I-6ah) to (I-6an) and (I-6av) to (I-6bc) and the
partial structures of the polar group are represented by the
general formulas (I-72a) to (I-72r), preferably compounds
having the basic structures of the general formulas (I-41la) to
(I-4laa), (I-4laf) to (I-4lai), (I-42a) to (I-42ad), (I-42ah),
(I-42ak) to (I-42bl), (I-42bn) to (I-42bt), (I-42ca), (I-
42cg), (I-42cl), (I-42cr), (I-43a) to (I-43q), (I-43v), (I-
43aa), (I-43af), (I-43ak), (I-43am), (I-43ap), (I-43ar), (I-

43au), (I-43aw), (I-43az), (I-43bb), (I-43be) and (I-44a) to

——
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(I-46g), and more preferably compounds having the basic
structures of the general formulas (I-4la) to (I-41k), (I-41x)
to (I-4laa), (I-4laf) to (I-4lai), (I-42a) to (I-42u), (I-
42ah), (I-42ak) to (I-42am), (I-42a0) to (I-42ar), (I-42at),
(I-42az), (I-42be) to (I-42bg), (I-42bj) to (I-42bl), (I-
42bo), (I-42bt), (I-42ca), (I-42cqg), (I-42cl), (I-42cr), (I-
43a) to (I-43g), (I-431), (I1-43qg), (I-43v), (I-43aa), (I~
43af), (I-43ak), (I-43am), (I-43ap), (I-43ar), (I-43au), (I-
43aw), (I-43az), (I-43bb), (I-43be) and (I-45a) to (I-46qg).
(I-ai-5): Specific compounds of the general formula (I-2) are
compounds having the basic structures of the general formulas
(I-5la) to (I-53ab) in which the side chain groups are (I-6a)
to (I-6f), (I-6ah) to (I-6an) and (I-6av) to (I-6ébc) and the
partial structure of the polar group are represented by the
general formulas (I-73a) to (I-73bt), and preferably compounds
having the basic structures of the general formulas (I-5la) to
(I-51¢c), (I-51g) to (I-51n), (I-51p) to (I-51lu), (I-51x), (I-
5Sly), (I-52a) to (I-52f), (I-52s) to (I-52ag), (I-52an) to (I-
52bd), (I-53a), (I-53d) to (I-53h), (I-53k) to (I-530) and (I-
53r) to (I-53ab).

Using the compounds of sub-groups (I-ai-1l) to (I-ai-5),
the operating temperature range can be broadened and the
elastic constant and its ratio K33/Ki; and Ki3/Kzz can be
adjusted by an improvement in co-solubility of the liquid
crystal composition and an improvement in the holding ratio at
low temperatures, thus obtaining more improved electro-optical

characteristics of STN-LCDs, TFT-LCDs, PDLCs, PN-ICDs or the

T—
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like.
(I-aii): Compounds in which Q' is F, Cl, CF;, OCF3;, OCF,H, or
CN, in the general formulas (I-1) to (I-5).
(I-aii~1): Specific compounds of the general formula (I-1) are
compounds having the basic structures of the general formulas
(I-11a) to (I-13ab) in which the side chain groups are (I-6a)
to (I-6bc) and the the partial structures of the polar group
are represented by the general formulas (I-71la) to (I-71lav),
and preferably compounds having the basic structures of the
general formulas (I-lla) to (I-12c¢), (I-12g) to (I-12i), (I-
12m) to (I-120), (I-12s) to (I-12u), (I-12y) to (I-12ax), (I-
13h) and (I-130) to (I-13aa).
(I-aii-2): Specific compounds of the general formula (I-2) are
compounds having the basic structures of the general formulas
(I-21a) to (I-23jp) in which the side chain groups are (I-6a)
to (I-ébc) and the partial structures of the polar group are
represented by the general formulas (I-72a) to (I-72r), and
preferably compounds having the basic structures of the
general formulas (I-2la) to (I-21fx), (I-21gk) to (I-21gv),
(I-22bi) to (I-22gv), (I-22hu), (I-22hv), (I-22hx), (I-22ia),
(I-22ib), (I-22id), (I-22ih), (I-22ii), (I-22ik), (I-22in),
(I-22i0) ,—(I-22iq), (I-22is), (I-22iu), (I-23ak) to (I-23fx),
(I-23hi) to (I-23iv) and (I-23je) to (I-23jp).
(I-aii-3): Specific compounds of the general formula (I-3) are
compounds having the basic structures of the general formulas
(I-31a) to (I-33dz) in which the side chain groups are (I-6a)

to (1—6523 and the partial structure of the polar group are

—
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represented by the general formulas (I-72a) to (I-72r), and
preferably compounds having the basic structures of the
general formulas (I-3la) to (I-3lag), (I-32a) to (I-32ae), (I-
32ai) to (I-32be), (I-32bg) to (I-32cb), (I-32cd) to (I-32cy),
(I-32da) to (I-32eh), (I-33bn) to (I-33cg) and (I-33cl) to (I-
33dz) .

(I-aii-4): Specific compounds of the general formula (I-4) are
compounds having the basic structures of the general formulas
(I-41la) to (I-46g) in which the side chain groups are (I-6a)
to (I-6bc) and partial structures of the polar group are
represented by the general formulas (I-72a) to (I-72r), and
preferably compounds having the basic structures of the
general formulas (I-4la) to (I-4laa), (I-4laf) to (I-4lai),
(I-42a) to (I-42ad), (I-42ah), (I-42ak) to (I-42bl), (I-42bn)
to (I-42bt), (I-42ca), (I-42cg), (I-42cl), (I-42cr), (I-43a)
to (I-43q), (I-43v), (I-43aa), (I-43af), (I-43ak), (I-43am),
(I-43ap), (I-43ar), (I-43au), (I-43aw), (I-43az), (I-43bb),
(I-43be) and (I-44a) to (I-46g), and more preferably compounds
having the basic structures of the general formulas (I-4la) to
(I-41k), (I-41x) to (I-4laa), (I-4laf) to (I-4lai), (I-42a) to
(I-42u), (I-42ah), (I-42ak) to (I-42am), (I-42ao0) to (I-42ar),
(I-42at),—~ (I-42az), (I-42be) to (I-42bg), (I-42bj) to (I-
42bl), (I-42bo), (I-42bt), (I-42ca), (I-42cg), (I-42cl), (I-
42cr), (I-43a) to (I-43g), (I-431), (I-43q), (I-43v), (I-
43aa), (I-43af), (I-43ak), (I-43am), (I-43ap), (I-43ar), (I-
43au), (I-43aw), (I-43az), (I-43bb), (I-43be) and (I-45a) to

(I-46qg).

—
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(I-aii-5): Specific compounds of the general formula (I-5) are
compounds having the basic structures of the general formulas
(I-51a) to (I-53ab) in which the side chain groups are (I-6a)
to (I-6bc) and the partial structures of the polar group are
represented by the general formulas (I-73a) to (I-73bt), and
preferably compounds having the basic structures of the
general formulas (I-5la) to (I-51lc), (I-51g) to (I-51n), (I-
51p) to (I-51u), (I-51x), (I-S5l1ly), (I-52a) to (I-52f), (I-52s)
to (I-52ag), (I-52an) to (I-52bd), (I-53a), (I-53d) to (I-
53h), (I-53k) to (I-530) and (I-53r) to (I-53ab).

The specific applications of compounds of sub-group (I-
aii-1) to (I-aii-5) are as follows. If compounds having polar
groups of (I-711i) to (I-7lav), (I-72d) to (I-72r) and (I-73m)
to (I-73bt) in which Q! is F, Cl, CF;, OCF3;, or OCF,H are used
practically as a principal component, the resulting liquid
crystal is suited for use as a high-reliability STN-LCD as
well as an active TFT-LCD, STN-LCD, PDLC and PN-LCD, and is
superior in reduction in driving voltage and high voltage
holding ratio. When compounds having a polar group in which ot
is F, Cl, or CN are used practically as a principal component,
it becomes possible to obtain excellent electro-optical
characteristigs such as driving voltage, sharpness, response
characteristics and temperature characteristics of TN-LCDs,
STN-LCDs, PDLCs, PN-LCDs or the like.

(I-aiii): Compounds in which K' to K®> represent a single
bond, =-(CH,),-, -C00-, or -C=C-, in the general formulas (I-1)

to (I—S):

—
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(I-aiii~1l): Specific compounds of the general formula (I-1)
are compounds having the basic structures of the general
formulas (I-1la) to (I-13ab) in which the side chain groups
are (I-6a) to (I-6bc) and the partial structures of the polar
group are represented by the general formulas (I-71la) to (I-
7lav), and preferably compounds having the basic structures of
the general formulas (I-1la) to (I-1l2c), (I-12g) to (I-12i),
(I-12m) to (I-120), (I-12s) to (I-12u), (I-12y) to (I-1l2ax),
(I-13h) and (I-130) to (I-13aa).

(I-aiii-2): Specific compounds of the general formula (I-2)
are compounds having the structures of the general formulas
(I-21a) to (I-23jp) in which the side chain groups are (I-6a)
to (I-6bc) and the partial structures of the polar group are
represented by the general formulas (I-72a) to (I-72r), and
preferably compounds having the structures of the general
formulas (I-2la) to (I-21fx), (I-21gk) to (I-21gv), (I-22bi)
to (I-22gv}, (I-22hu), (I-22hv), (I-22hx), (I-22ia), (I-22ib),
(I-22id), (I-22ih), (I-22ii), (I-22ik), (I-22in), (I-22io0),
(I-22iq), (I-22is), (I-22iu), (I-23ak) to (I-23fx), (I-23hi)
to (I-23iv) and (I-23je) to (I-23jp).

(I-aiii-3): Specific compounds of the general formula (I-3)
are compounds having the structures of the general formulas
(I-31a) té (I-33dz) in which the side chain groups are (I-6a)
to (I-6bc) and the partial structures of the polar group are
represehted by the general formulas (I-72a) to (I-72r), and

preferably compounds having the structures of the general

formulas (I-31la) to (I-3lag), {I-32a) to (I—32ae);T(I—32ai) to
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(I-32be), (I-32bg) to (I-32cb), (I-32cd) to (I-32cy), (I-32da)
to (I-32eh), (I-33bn) to (I-33cg) and (I-33cl) to (I-33dz).
(I-aiii-4): Specific compounds of the general formula (I-4)
are compounds having the structures of the general formulas
(I-41a) to (I-41laa), (I-4lac), (I-4lad), (I-41laf) to (I-46q)
in which the side chain groups are (I-6a) to (I-6ébc) and the
partial structures of the polar group are represented by the
general formulas (I-72a) to (I-72r), preferably compounds
having the structure of the general formulas (I-41a) to (I-
4laa), (I-4laf) to (I-4lai), (I-42a) to (I-42ad), (I-42ah),
(I-42ak) to (I-42bl), (I-42bn) to (I-42bt), (I-42ca), (I-
42cqg), (I-42cl), (I-42cr), (I-43a) to (I-43q), (I-43v), (I-
43aa), (I-43af), (I-43ak), (I-43am), (I-43ap), (I-43ar), (I-
43au), (I-43aw), (I-43az), (I-43bb), (I-43be) and (I-44a) to
(I-46g), and more preferably compounds having the structures
of the general formulas (I-4la) to (I-41k), (I-41x) to (I-
4laa), (I-4laf) to (I-4lai), (I-42a) to (I-42u), (I-42ah), (I-
42ak) to (I-42am), (I-42ao0) to (I-42ar), (I-42at), (I-42az),
(I-42be) to (I-42bg), (I-42bj) to (I-42bl), (I-42bo), (I-
42bt), (I-42ca), (I-42cqg), (I-42cl), (I-42cr), (I-43a) to (I-
43g), (I-431), (I-43q), (I-43v), (I-43aa), (I-43af), (I-43ak),
(I-43am),—(I-43ap), (I-43ar), (I-43au), (I-43aw), (I-43az),
(I-43bb), (I-43be) and (I-45a) to (I-46éqg).

(I-aiii-5): Specific compounds of the general formula (I-5)
are coﬁpounds having the structures of the general formulas
(I-5la) to (I-53ab) in which the side chain groups are (I-6a)

to (I-6bc) and the partial structures of the polar group are
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represented by the general formulas (I-73a) to (I-73bt), and
preferably compounds having the structures of the general
formulas (I-5la) to (I-51c), (I-51g) to (I-51n), (I-51p) to
(I-51u), (I-51x), (I-51y), (I-52a) to (I-52f), (I-52s) to (I-
52ag), (I-52an) to (I-52bd), (I-53a), (I-53d) to (I-53h), (I-
53k) to (I-530) and (I-53r) to (I-53ab).

Compounds of sub-group of the general formulas (I-aiii-1) to
(I-aiii-5) in which K!' to K’ represent a single bond broaden
the operating temperature range by an improvement in co-
solubility of the liquid crystal composition and an
improvement in storage at low temperature, thereby attaining
comparatively fast response characteristics for a
predetermined driving voltage. Compounds in which K! to K’
represent -(CH;);- can broaden the operating temperature range
by an improvement in co-solubility of the liquid crystal
composition and an improvement in storage at low temperature,
thereby attaining comparatively fast response characteristics
for a predetermined driving voltage. Compounds in which K' to
K° represent -COO- broaden the operating temperature range by
an improvement in co-solubility of the liquid crystal
composition and an improvement in storage at low temperature,
thereby making it possible to reduce the driving voltage and
to imprové a change in temperature. Compound in which K! to K’
represent -C=C- adjust the birefringent index within a wide
range,-thereby making it possible to reduce the driving
voltage and to improve a change in temperature. Thus,

improved electro-optical chézgéteristics of STN—LEbs, TFT-
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LCDs, PDLCs, PN-LCDs or the like can be obtained.

(I-aiv): Compounds in which rings A' to A* represent trans-1,4-
cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-phenylene, or 3,5-
difluoro-1, 4-phenylene, in the general formulas (I-1) to (I-
5).

(I-aiv-1): In the case of the general formula (I-1), the ring
A' of the general formula (I-11), the ring A® of the general
formula (I-12) and the ring A® of the general formula (I-13)
are preferably trans-1,4-cyclohexylene, 1,4-phenylene, 3-
fluoro-1, 4-phenylene, or 3,5-difluoro-1,4-phenylene, and
specific compounds are compounds having the structures of the
general formulas (I-1la) to (I-111), (I-12a) to (I-12ax) and
(I-13a) to (I~13ab) in which the side chain groups are (I-6a)
to (I-6bc) and the partial structures of the polar group are
represented by the general formulas (I-7la) to (I-7l1lav), and
preferably compounds having the structures of the general
formulas (I-1la) to (I-111), (I-12a) to (I-12c), (I-1l2g) to
(I-12i), (I-12m) to (I-120), (I-12s) to (I-12u), (I-12y) to
(I-12ax), (I-13h) and (I-130) to (I-13aa), thus obtaining
more improved electro-optical characteristics.

Particularly, compounds having both structural features
of (I-aitfi) and (I-aiv) exhibit further differentiated
characteristics and therefore used in the liquid crystal
composition more widely.

(I—aivgla): Compounds in which K! in the general formula (I-

11), K® in the general formula (I-12) and K’ in the general

formula (I-13) represent a single bond, and the ring Al in the

—
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general formula (I-11), the ring A% in the general formula (I-
12) and the ring A’ in the general formula (I-13) represent
1,4-phenylene, 3-fluoro-1,4-phenylene, or 3,5-difluoro-1,4-
phenylene have medium or high birefringent index and
comparatively large dielectric constant anisotropy:;
(I-aiv-1b): compounds in which K! in the general formula (I-
11), K? in the general formula (I-12) and K® in the general
formula (I-13) represent a single bond, and the ring Al in the
general formula (I-11), the ring A% in the general formula (I-
12) and the ring A® in the general formula (I-13) represent
trans-1,4-cyclohexylene have comparatively fat response
characteristics because of broadened nematic phase;
(I-aiv-1c): compounds in which K' in the general formula (I-
11), K° in the general formula (I-12) and K® in the general
formula (I-13) represent - (CH;);-, and the ring al in the
general formula (I-11), the ring A? in the general formula (I-
12) and the ring A’ in the general formula (I-13) represent
trans-1,4-cyclohexylene have good co-solubility;

(I-aiv-1d): compounds in which K' in the general formula (I-
11), K® in the general formula (I-12) and K® in the general
formula (I-13) represent -COO-, and the ring A' in the general
formula (I-11), the ring A? in the general formula (I-12) and
the ring 2% in the general formula (I-13) represent 1,4-
phenylene, 3-fluoro-1,4-phenylene, or 3,5-difluoro-1,4-
phenyléne have reduced driving voltage because of broadened

nematic phase; and

e —

(I-aiv-le): compounds in which K' in the general formula (I-
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11), K% in the general formula (I-12) and K’ in the general
formula (I-13) represent -C=C-, and the ring A' in the general

formula (I-11), the ring A? in the general formula (I-12) and
the ring A° in the general formula (I-13) represent 1,4-
phenylene, 3-fluoro-1,4-phenylene, or 3,5-difluoro-1,4-
phenylene have very high or comparatively high birefringent
index.
(I-aiv-2): In the case of the general formula (I-2), rings al
to A’ each preferably represents trans-1,4-cyclohexylene, 1,4-
phenylene, 3-fluoro-1,4-phenylene, or 3,5-difluoro-1,4-
phenylene, and specific compounds are compounds having the
structures of the general formulas (I-2la) to (I-21lab), (I-
2lak) to (I-22s), (I-22y) to (I-22cc), (I-22cf) to (I-22da),
(I-22dd) to (I-22dy), (I-22eb) to (I-22ew), (I-22ez) to (I-
22fu), (I-22fx) to (I-22gs), (I-22gv) to (I-22hg) and (I-22ht)
to (I-23jp) in which the side chain groups are (I-6a) to (I-
6bc) and the partial structures of the polar group are
represented by the general formulas (I-72a) to (I-72r), and
preferably compounds having the structures of the general
formulas (I-21a) to (I-21ly), (I-2lak) to (I-22p), (I-22bi) to
(I-22cc), (I-22cf) to (I-22cy), (I-22dd) to (I-22dw), (I-22eb)
to (I-22eu), (I-22ez) to (I-22fs) , (I-22fx) to (I-22gq) and
(I-23ak) to (I-23fx), (I-23hi) to (I-23jm), thus obtaining
more improved electro-optical characteristics.

Particularly, compounds of the general formulas (I-21) to

(I-23) 'having both structural features of (I-aiii) and (I-aiv)

e

exhibit_further differentiated characteristics and therefore
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used in the liquid crystal composition more widely.
(I-aiv-2a): Compounds in which any one of K' to K' is a single
bond and any one of rings Al to AY is 1,4-phenylene, 3-fluoro-
1,4-phenylene, or 3,5-difluoro-1,4-phenylene have medium or
high birefringent index and comparatively large dielectric
constant anisotropy:;
(I-aiv-2b): compounds in which in which any one of K!' to K' is
a single bond and any one of rings A! to A’ is trans-1,4-
cyclohexylene have comparatively fast response characteristics
because of broadened nematic phase;
(I-aiv-2c): compounds in which in which any one of K!' to K! is
- (CHz)2- and any one of rings Al to A% is trans-1, 4~
cyclohexylene have good co-solubility;
(I-aiv-2d): compounds in which any one of K' to K is -C0O- and
any one of rings A! to A’ is 1,4-phenylene, 3-fluoro-1,4-
phenylene, or 3,5-difluoro-1,4-phenylene have reduced driving
voltage because of broadened nematic phase; and
(I-aiv-2e): compounds in which any one of K' to K! is -C=cC-
and any one of rings A' to A’ is 1,4-phenylene, 3-fluoro-1,4-
phenylene, or 3,5-difluoro-1,4-phenylene have very high or
comparatively high birefringent index.
(I—aiV-Bf? In the case of the general formula (I-3), rings A’
and A? each preferably represents trans-1,4-cyclohexylene,
1, 4-phenylene, 3-fluoro-1,4-phenylene, or 3,5-difluoro-1,4-
phenyléne, and specific compounds are compounds having the

structures of the general formulas (I-32a) to (I-32aa), (I-

—t——

32ai) to. (I-33x) and (I-33ac) to (I-33dz) in which the side
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chain groups are (I-6a) to (I-6bc) and the partial structures
of the polar group are represented by the general formulas (I-
72a) to (I-72r), and preferably compounds having the structure
of the general formulas (I-31la) to (I-3lag), (I-32a) to (I-
32ae), (I-32ai) to (I-32be), (I-32bg) to (I-32cb), (I-32cd) to
(I-32cy), (I-32da) to (I-32eh), (I-33bn) to (I-33cg) and (I-
33cl) to (I-33dz), thus obtaining more improved electro-
optical characteristics.

Particularly, compounds of the general formulas (I-31) to
(I-33) having bhoth structural features of (I-aiii) and (I-aiv)
exhibit further differentiated characteristics and therefore
used in the liquid crystal composition more widely.

(I-aiv-3a): Compounds in which any one of K! to K! is a single
bond and any one of rings A' and A? is 1, 4-phenylene, 3-fluoro-
1,4-phenylene, or 3,5-difluoro-1,4-phenylene have medium or
high birefringent index and comparatively large dielectric
constant anisotropy;

(I-aiv-3b) : compounds in which in which any one of K! to K® is
a single bond and any one of rings A! and A? is trans-1,4-
cyclohexylene have comparatively fast response characteristics
because of broadened nematic phase;

(I-aiv-3c): compounds in which in which any one of K! to K® is
- (CHz) 2~ and any one of rings A' and A’ is trans-1,4-
cyclohexylene have good co-solubility;

(I-aiv-3d): compounds in which in which any one of K' to K® is
~-C00- and any one of rings A!' and A? is 1,4-phenylene, 3-

fluoro—ijz—phenylene, or 3,5:31fluoro-l,4-phenyleﬁé have
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reduced driving voltage because of broadened nematic phase;
and
(I-aiv-3e): compounds in which any one of K! to K is -C=cC-
and any one of rings A! and A®? is 1,4-phenylene, 3-fluoro-1,4-
phenylene, or 3,5-difluoro-1,4-phenylene have very high or
comparatively high birefringent index.
(I-aiv-4): In the case of the general formula (I-4), rings al
to A® each preferably represents trans-1,4-cyclohexylene, 1,4-
phenylene, 3-fluoro-1,4-phenylene, or 3,5-difluoro-1,4-
phenylene, and specific compounds are compounds having the
structures of the general formulas (I-42a) to (I-42ag), (I-
42ak) to (I-42an), (I-42ap) to (I-42as), (I-42au) to (I-42ax),
(I-42az) to (I-42bc), (I-42be) to (I-42bh), (I-42bj) to (I-
42bm) and (I-42bo) to (I-46g) in which the side chain groups
are (I-6a) to (I-6bc) and partial structures of the polar
group are represented by the general formulas (I-72a) to (I-
72r), preferably compounds having the structures of the
general formulas (I-42a) to (I-42ad), (I-42ak) to (I-42an),
(I-42ap) to (I-42as), (I-42au) to (I-42ax), (I-42az) to (I-
42bc), (I-42be) to (I-42bh), (I-42bj) to (I-42bl), (I-42bo) to
(I-42bt), (I-42ca), (I-42cqg), (I-42cl), (I-42cr), (I-43a) to
(I-43q), (I-43v), (I-43aa), (I-43af), (I-43ak), (I-43am), (I-
43ap), (I-43ar), (I-43au), (I-43aw), (I-43az), (I-43bb), (I-
43be) and (I-44a) to (I-46g), and more preferably compounds
having £he structures of the general formulas (I-42a) to (I-

42u), (I-42ak) to (I-42am), (I-42ap) to (I-42ar), (I-42az),

e r—

(I-42be) to (I-42bg), (I-42bj) to (I-42bl), (I-42bo), (I-
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42bt), (I-42ca), (I-42cg), (I-42cl), (I-42cr), (I-43a) to (I-
43g), (I-431), (I-43q), (I-43v), (I-43aa), (I-43af), (I-43ak),
(I-43am), (I-43ap), (I-43ar), (I-43au), (I-43aw), (I-43az),
(I-43bb), (I-43be) and (I-45a) to (I-46g), thus obtaining more
improved electro-optical characteristics.

Particularly, compounds of the general formulas (I-42) to
(I-46) having both structural features of (I-aiii) and (I-aiv)
exhibit further differentiated characteristics and therefore
used in the liquid crystal composition more widely.

(I-aiv-4a): Compounds in which any one of K' to K°> is a single
bond and any one of rings a' to A' is 1,4-phenylene, 3-fluoro-
1, 4-phenylene, or 3,5-difluoro-1,4-phenylene have medium or
high birefringent index and comparatively large dielectric
constant anisotropy;

(I-aiv-4b): compounds in which in which any one of K! to K® is
a single bond and any one of rings A! to A' is trans-1,4-
cyclohexylene have comparatively fast response characteristics
because of broadened nematic phase;

(I-aiv-4c): compounds in which in which any one of K! to K° is
- (CHz) .- and any one of rings A' to A' is trans-1,4-
cyclohexylene have good co-solubility;

(I-aiv-4dy: compounds in which any one of K' to K°> is -CO0O- and
any one of rings A' to A’ is 1,4-phenylene, 3-fluoro-1,4-
phenylene, or 3,5-difluoro-1,4-phenylene have reduced driving

voltage'because of broadened nematic phase; and

(I-aiv-4e): compounds in which any one of K!' to K° is -C=C-

———

and any_cne of rings A' to A* is 1,4-phenylene, 3-fluoro-1,4-
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phenylene, or 3,5-difluoro-1,4-phenylene have very high or
comparatively high birefringent index.

(I-aiv-5): In the case of the general formula (I-5), rings A°
to A’ each preferably represents trans-1,4-cyclohexylene, 1,4-
phenylene, 3-fluoro-1,4-phenylene, or 3,5-difluoro-1,4-
phenylene, and specific compounds are compounds having the
structures of the general formulas (I-5la) to (I-511), (I-52a)
to (I-52ax) and (I-53a) to (I-53ab) in which the side chain
groups are (I-6a) to (I-6bc) and partial structures of the
polar group are represented by the general formulas (I-73a) to
(I-73bt), and preferably compounds having the structures of
the general formulas (I-51a) to (I-511), (I-52a) to (I-52f),
(I-52s) to (I-52aqg), (I-52ak), (I-52an) to (I-52ax), (I-530)
and (I-53r) to (I-53ab), thus obtaining more improved electro-
optical charag¢teristics.

Particulagrly, compounds of the general formulas (I-51) to
{I-53) having both structural features of (I-aiii) and (I-aiv)
exhibit further differentiated characteristics and therefore
used in the liquid crystal composition more widely.
(I-aiv-5a): Compounds in which any one of K!' to K®> is a single
bond and any éne of rings A! to A’ is 1, 4-phenylene, 3-fluoro-
1, 4-phenylene, or 3,5-difluoro-1,4-phenylene have medium or
high biréfringent index and comparatively large dielectric
constant anisotropy:;

(I-aiv-5b): compounds in which in which any one of K! to K® is
a single bond and any one of rings A' to A’ is trans-1,4-

cyclohexylene have comparatively fast response characteristics

—
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because of broadened nematic phase;

(I-aiv-5c): compounds in which in which any one of K' to K’ is
- (CHy).- and any one of rings A! to A’ is trans-1,4-
cyclohexylene have good co-solubility;

(I-aiv-5d): compounds in which any one of K' to K® is -C0O- and
any one of rings A! to A% is 1,4-phenylene, 3-fluoro-1,4-
phenylene, or 3,5-difluoro-1,4-phenylene have reduced driving

voltage because of broadened nematic phase; and

(I-aiv-5e): compounds in which K' is -C=C- and rings A! and A’
represent 1,4-phenylene, 3-fluoro-1,4-phenylene, or 3,5-
difluoro-1,4-phenylene or compounds in which K2 is -C=C- and

rings A? and A’ represent 1, 4-phenylene, 3-fluoro-1,4-
phenylene, or 3,5-diflucro-1,4-phenylene have very high or
comparatively - high birefringent index.

(I-av): Compounds in which one, or two or more hydrogen atoms,
which are preSent in the naphthalene-2,6-diyl ring, 1, 2,3,4-
tetrahydronaphthalene-2, 6-diyl ring, decahydronaphthalene-2, 6-
diyl ring, side chain group R!, polar group Q!, linking groups
K! to K® and rings Al to A%, are substituted with a deuterium
atom, 1in the.general formulas (I-1) to (I-5). These compounds
are useful te adjust the elastic constant of the liquid
crystal_;ompasition and to adjust the pre-tilt angle
correspondiné to the alignment film and therefore contain

preferably at least one compound substituted with a deuterium

atom.

(I-aviL; Compounds in which W to w? represent H, F, Cl, CFjy,

————
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or OCF3, in the general formulas (I-1) to (I-3) and (I-5).
(I~aiv-1): 1In the case of the general formula (I-1), specific
compounds are cempounds having the structures of the general
formulas (I-1la) to (I-13ab) in which the side chain groups
are (I-6a) to (I-6bc) and the partial structures of the polar
group are represented by the general formulas (I-7la) to (I-
7lav), preferably compounds having the structures of the
general formulas (I-71b) to {(I-71h), (I-713j) to (I-71p), (I-
71r) to (I-71x), (I-71z) to (I-7laf), (I-71lah) to (I-71lan) and
(I-71lap) to (I-7lav), and more preferably compounds in which
at least one of W! and W’ is substituted with a polar group,
particularly with F. If compounds in which at least one of W!
to W' is F or Cl and Q' is F, Cl, CFi;, OCF;, or OCF.H are
contained practically as a principal component, the resulting
liquid crystal is superior in reduction in driving voltage and
high voltage holding ratio of active TFT-LCDs, STN-LCDs, PDLCs
and PN-LCDs. If compounds in which Q' is F, Cl, or CN are used
practically as .a principal component, it becomes possible to
obtain excellent electro-optical characteristics such as
driving voltage, sharpness, response characteristics and
temperature characteristics of TN-LCDs, STN-LCDs, PDLCs, PN-
LCDs or the like.

(I-avi-2): In the case of the general formula (I-2), specific
compounds are éompounds in which the side chain groups are (I-
6a) to kI—6bc) and basic structures of the polar group are
represented by the general formulas (I-72a) to (I-72r), for

————

example, compounds having the structures of the geﬁeral

—



10

15

20

25

18 MAR 2003

140
formulas (I-2la) to (I-23jp), compounds having the structures
of the general formulas (I-21b) to (I-21h), (I-213) to (I-
21p), (I-21r) to (I-2laa), (I-2lad) to (I-2laj), (I-21al) to
(I-21ar), (I-2lat) to (I-2laz), (I-21bb) to (I-21bh), (I-21bj)
to (I-21bp), (I+«+21br) to (I-21bx), (I-21bz) to (I-2lcf), (I-
21ch) to (I-21lcn), (I-21lcp) to (I-2lcv), (I-21lcx) to (I-21dd),
(I-21df) to (I-21dl), (I-21dn) to (I-21dt), (I-21dv) to (I-
2leb), (I-2led) to (I-2lem), (I-2lep) to (I-2ley), (I-21fb) to
(I-21fk), (I-21fn) to (I-21fw), (I-21fz) to (I-21gi), (I-21gl)
to (I-21gu), (I~22b) to (I-22h), (I-223), (I-221) to (I-22r),
(I-22u), (I-22w), (I-22x), (I-22aa) to (I-22ac), (I-22ag) to
(I-22ai), (I-22am) to (I-22ao0), (I-22as) to (I-22au), (I-22ay)
to (I-22ba), (I-22be) to (I-22bg), (I-22bj) to (I-22bp), (I-
22br) to (I-22bx), (I-22bz) to (I-22cc), (I-22ce), (I-22cf),
(I-22ch) to (I-22cn), (I-22cp) to (I-22cv), (I-22cx) to (I-
22da), (I-22dc), (I-22dd), (I-22df) to (I-22dl), (I-22dn) to
(I-22dt), (I-22dv) to (I-22dy), (I-22ea), (I-22eb), (I-22ed)
to (I-22ej), (I-22el) to (I-22er), (I-22et) to (I-22ew), (I-
22ey), (I-22ez), (I-22fb) to (I-22fh), (I-22fj) to (I-22fp),
(I-22fr) to (I=-22fu), (I-22fw), (I-22fx), (I-22fz) to (I-
22gf), (I-22gh) to (I-22gn), (I-22gp) to (I-22gs), (I-22gu),
(I-22gv),—(I-22gx) to (I-22hd), (I-22hf) to (I-22hl), (I-2Zhn)
to (I-22hq), (I-22hs), (I-22ht), (I-22ia) to (I-22if), (I-
22im) to (I-22ir), (I-22iu), (I-22iv), (I-23b), (I-23f), (I-
235), (I-23n), (I-23r), (I-23v), (I-23z), (I-23ac), (I-23al)
to (I-23ar), (I-23at) to (I-23az), (I-23bb) to (I-23bh), (I-’

23bj) to (I-23bp), (I-23br) to (I-23bx), (I-23bz) to (I-23cf),
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(I-23ch) to (I-23cn), (I-23cp) to (I-23c¢cv), (I-23cx) to (I-
23dd), (I-23df) to (I-23dl), (I-23dn) to (I-23dt), (I-23dv) to
(I-23eb), (I-23ed) to (I-23ej), (I-23el) to (I-23er), (I-23et)
to (I-23ez), (I-23fb) to (I-23fh), (I-23fj) to (I-23fp), (I-
23fr) to (I-23fx), (I-23fz) to (I-23gf), (I-23gh) to (I-23gn),
(I-23gp) to (I-23gv), (I-23hd) to (I-23hh), (I-23hj) to (I-
23hp), (I-23hr) to (I-23hx), (I-23hz) to (I-23if), (I-23ih) to
(I-23in), (I-23ip) to (I-23iv), (I-23ix) to (I-23jd) and (I-
233f) to (I-23jo), and more preferably compounds in which at
least W' is substituted with a polar group, particularly with
F.
(I-avi~-3): In the case of the general formula (I-3), specific
compounds are compounds in which the side chain groups are (I-
ba) to (I-6bc) and the partial structures of the polar group
are represented by the general formulas (I-72a) to (I-72r),
for example, compounds having the structures of the general
formulas (I-3la) to (I-33dz), preferably , compounds having
the structures of the general formulas (I-31b) to (I-31k), (I-
3lm) to (I-31v), (I-31x) to (I-3lag), (I-32b) to (I-32g), (I-
32i) to (I-32mn), (I-32p) to (I-32z), (I-32ac) to (I-32ah), (I-
32aj) to (I-32a0), (I-32aq) to (I-32av), (I-32ax) to (I-32be),
(I-32bg) to (I-32bl), (I-32bn) to (I-32bs), (I-32bu) to (I-
32cb), (I-32cd) to (I-32ci), (I-32ck) to (I-32cp), (I-32cr) to
(I-32cy), (I-32da) to (I-32df), (I-32dh) to (I-32dm), (I-32do)
to (I-32dv), (I-32dx) to (I-32eh), (I-32ek), (I-32el), (I-
32en), (I-32ep), (I-33b) to (I-33h), (I-333) to (I-33p), (I-

33r) to (I-33x), (I-33z), (I-33ab), (I-33ad), (I-33af) to (I-
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33ak), (I-33am) to (I-33ar), (I-33at) to (I-33ay), (I-33ba),
(I-33bc) to (I~33bg), (I-33bi), (I-33bk) to (I-33bm), (I-33bo)
to (I-33bt), (I-33bv) to (I-33ca), (I-33cc), (I-33ce), (I-
33cg), (I-33ci), (I-33ck), (I-33cm) to (I-33cqg), (I-33cs) to
(I-33cy), (I-33da), (I-33dc), (I-33de), (I-33dg), (I-33di),
(I-33dk) to (I~33dp), (I-33dr), (I-33dt), (I-33dv), (I-33dx)
and (I-33dz), more preferably compounds in which at least w?
is substituted with a polar group, particularly with F.
(I-avi-4): In the case of the general formula (I-5), specific
compounds are compounds having the structures of the general
formulas (I-5la) to (I-153ab) in which the side chain groups
are (I-6a) to (I-6bc) and the partial structures of the polar
group are represented by the general formulas (I-73a) to (I-
73bi), preferdbly compounds in which the partial structures of
the polar group are represented by the general formulas (I-
73b) to (I-731), (I-73n) to (I-73x), (I-73z) to (I-73aj), (I-
73al) to (I-73av), (I-73ax) to (I-73bh) and (I-73bj) to (I-
73bt), and more preferably compounds in which at least one of
W' and W? is substituted with a polar group, particularly with
F. If compounds in which at least one or both of W' and W’
represent F or Cl and Q' is F, Cl, CF;, OCF3;, or OCF,H are
contained practically as a principal component, the resulting
liquid cr?stal is superior in reduction in driving voltage and
high voltage holding ratio of active TFT-LCD, STN-LCD, PDLC
and PN—LCD. If compounds in which Q! is F, Cl, or CN are used

practically as a principal component, it becomes possible to

- — ———

obtain excellent electro-optical characteristics such as
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driving voltage, sharpness, response characteristics and
temperature characteristics of TN-LCDs, STN-LCDs, PDLCs, PN-
LCDs or the 1like.

Compounds of sub-groups (I-avi-1l) to (I-avi-4) broaden
the operating temperature range by an improvement in co-
solubility of the liquid crystal composition and an
improvement in storage at low temperature, thereby to attain
comparatively fast response characteristics for a
predetermined driving voltage and to obtain more improved
electro-optical characteristics of STN-LCDs, TFT-LCDs, PDLCs,
PN-LCDs or the like.

(I-avii): Compounds in which X! and X2 represent H, F, Cl, CFj,
or OCFs;, in the general formulas (I-2) to (I-4).

(I-avii-1): In the case of the general formula (I-2),

specific compounds are compounds having the structures of the
general formulas (I-2la) to (I-23jp) in which the side chain
groups are (I-6a) to (I-6bc) and the partial structures of the
polar group (I-72a) to (I-72r), and preferably compounds
having the structures (I-2la) to (I-21fx), (I-21gk) to (I-
21gv), (I-22bi) to (I-22gv), (I-22hu), (I-22hv), (I-22hx), (I-
22ia), (I-22ib), (I-22id), (I-22ih), (I-22ii), (I-22ik), (I-
22in), (I-22i0), (I-22iq), (I-22is), (I-22iu), (I-23ak) to (I-
23fx), (I-23hi) to (I-23iv) and (I-23je) to (I-23jp).
(I~avii-2): In the case the general formula (I-3), specific
compounds are compounds having the structures of the general
formulas (I-3la) to (I-33dz) in which the side chain groups

are (I—g;; to (I-6bc) and théﬁﬁartial structures of the polar
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group are represented by the general formulas (I-72a) to (I-
72r), and preferably compounds having the structures of the
general formulas (I-3la) to (I-3lag), (I-32a) to (I-32ae}, (I-
32ai) to (I-32be), (I-32bg) to (I-32cb), (I-32cd) to (I-32cy),
(I-32da) to (I-32eh), (I-33bn) to (I-33cg) and (I-33cl) to (I-
33dz).

(I-avii-3): In the case of the general formula (I-4),
specific compounds are compounds having the structures of the
general formulas (I-4la) to (I-46g) in which the side chain
groups are (I-6a) to (I-6bc) and the partial structures of the
polar group are represented by the general formulas (I-72a) to
(I-72r), preferably compounds having the structures of the
general formulas (I-4la) to (I-4laa), (I-4laf) to (I-41lai),
(I-42a) to (I-42ad), (I-42ah), (I-42ak) to (I-42bl), (I-42bn)
to (I-42bt), (I-42ca), (I-42cqg), (I-42cl), (I-42cr), (I-43a)
to (I-43q), (I-43v), (I-43aa), (I-43af), (I-43ak), (I-43am),
(I-43ap), (I-43ar), (I-43au), (I-43aw), (I-43az), (I-43bb),
(I-43be) and (I-44a) to (I-46g), and more preferably compounds
having the structures of the general formulas (I-4la) to (I-
41k), (I-41x) to (I-41laa), (I-41laf) to (I-4l1lai), (I-42a) to
(I-42u), (I-42ah), (I-42ak) to (I-42am), (I-42ao0) to (I-42ar),
(I-42at), -{I-42az), (I-42be) to (I-42bg), (I-42bj) to (I-
42bl), (I-42bo), (I-42bt), (I-42ca), (I-42cqg), (I-42cl), (I-
42cr), (I-43a) to (I-43g), (I-431), (I-43qg), (I-43v), (I-
43aa), (I-43af), (I-43ak), (I-43am), (I-43ap), (I-43ar), (I-

43au), (I-43aw), (I-43az), (I-43bb), (I-43be) and (I-45a) to-

e —— — .
-

(I-469)
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In compound of sub-groups (I-avii-1) to (I-avii-3), more
preferred compounds of the general formulas (I-2) to (I-4) are
as follows. If compounds (I-72e), (I-72f), (I-72h), (I-72i),
(I-72k), (I-721), (I-72n), (I-720), (I-72q) and (I-72r) in
which at least one or both of X' and X? represent F or Cl and
Q' is F, C1, CF3, OCF3, or OCF;H are contained practically as a
principal component, the resulting liquid crystal is superior
in reduction in driving voltage and high voltage holding ratio
of active TFT-LCD, STN-LCD, PDLC and PN-LCD. If compounds (I-
72b), (I-72c), (I-72e), (I-72f), (I-72h) and (I-72i) in which
o' is F, Cl, or CN are used practically as a principal
component, it becomes possible to obtain excellent electro-
optical characteristics such as driving voltage, sharpness,
response characteristics and temperature characteristics of
TN-LCDs, STN-LCDs, PDLCs, PN-LCDs or the like.

(I-aviii): X® in compounds of the general formulas (I-2) to
(I-4) can be a CHi group. These compounds are inferior in
response characteristics but are superior in co-solubility,
and therefore used to obtain various characteristics other
than the response characteristics. In this case, the
compounds are used in the amount of 15% or less based on the
total amount of the liquid crystal composition of the present
invention.

Although the liquid crystal component A of the present
invention can ceontain one, or two or more kinds of compounds
selected from one, two, or three or more compounds among the’

sub-groagg (I-al) to (I—aviifTT the effects can be obtained

r——



10

15

20

25

18 MAR 2003
146

even when composed of only one compound from one sub-group.
Compounds having two or more structural features of the
compounds shown in the sub-groups (I-ai) to (I-aviii) are more
preferred. The liquid crystal component A can be composed of
the compounds shown in the sub-groups (I-ai) to (I-aviii)
according to the desired purposes. The liquid crystal
composition containing such a liquid crystal composition of
the present invention broadens the operating temperature range
of liquid crystal display characteristics due to an
improvement in co-solubility and storage at low temperature,
thereby making it possible to improve a reduction in driving
voltage and a change in temperature and to attain
comparatively fast response characteristics for a
predetermined driving voltage, thus obtaining more improved
electro~optical characteristics of TN-LCDs, STN-LCDs, TFT-
LCDs, PDLCs, PN-LCDs or the like using the liquid crystal
composition as a constituent material.

For the purpose of obtaining a liquid crystal composition
suited for use as TN-LCD, STN-LCD, PDLC, PN-LCDor the like, or
for the purpose of obtaining a liquid crystal composition
suited for use as STN-LCD to which high reliability is
required, or active STN-LCD, TFT-LCD, PDLC, PN-LCD or the
like, the liquid crystal composition can further contain 1 to
20 optimum compounds after selecting from compounds of the
general-formulas (I-1) to (I-5). From such a point of view,

preferred is a liquid crystal component A containing one to

———

twenty kinds of one, two, or three or more compounds among the
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sub-groups (I-bi) to (I-bxi), the content of the compounds
being within a range from 5 to 100% by weight.

If R' is an alkyl or alkenyl group having 2 to 7 carbon
atoms, Q! is F, Cl, CF3, OCF3;, or CN, and W to W3 represent H,
F, Cl, CF;, or OCF;, in the general formula (I-1), compounds of
the following sub-groups (I-bi) and (I-bii) are more
preferred.

(I-bi): Compounds in which k!'=k?=0, the ring A! is trans-1,4-
cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-phenylene, 3,5-
difluoro-1,4-phenylene, naphthalene-2,6-diyl, 1,2,3,4-
tetrahydronaphthalene-2, 6-diyl, or decahydronaphthalene-2,6-
diyl, and K!' is a single bond, -(CH;),-, -CO0-, or -C=C-,
specifically compounds of the general formula (I-11), and more
preferably compounds having the structures of the general
formulas (I-lla) to (I-111l) and (I-11lp) to (I-1ly). If the
ring A' is a decahydronaphthalene-2,6-diyl ring, specifically
in the case of compounds of the general formulas (I-11lx) and
(I-1ly), compounds substituted with (I-74b) to (I-74cv) are
also preferred. As a matter of course, compounds in which at
least one of hydrogen atom, which are present in these rings,
is substituted with a deuterium atom are also included.
(I-bii): Compounds in which k'=k?=0, rings A! and A? represent
trans-1,4-cyc¢lohexylene, 1,4-phenylene, 3-fluoro-1,4-
phenylene, 3,5-difluoro-1,4-phenylene, naphthalene-2,6-diyl,
1,2,3,4~-tetrahydronaphthalene~-2, 6-diyl, or
decahydronaphthalene-2, 6-diyl, and K!' and K? represent a single

bond, —(Eﬁﬂz—, -C00-, or -C=C-, specifically compounds of the



10

15

20

25

18 MAR 2003
148

general formula (I-12), and more preferably compounds having
the structures of the general formulas (I-12a) to (I-12bd).

If the ring A%’ is a decahydronaphthalene-2,6-diyl ring,
specifically in the case of compounds of the general formulas
(I-12bc) and (I-12bd), compounds substituted with (I-74b) to
(I-74cv) are also preferred. As a matter of course, compounds
in which at least one of hydrogen atom, which are present in
these rings, is substituted with a deuterium atom are also
included.

If R' is an alkyl or alkenyl group having 2 to 7 carbon
atoms, Q! represents F, Cl, CF3;, OCF3;, or CN, X! and X?
represent H, F, Cl, CF;, or OCFs, and W! to W’ represent H, F,
Cl, CF3, or OCF3, in the general formula (I-2), the following
compounds are more preferred.

(I-biii): Compounds in which k®<k'=0, the ring A! is trans-1,4-
cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-phenylene, or 3, 5-
difluoro-1,4-phenylene, and K' and K*' represent a single

bond, -(CH;);-, -CO0O-, or -C=C-, specifically compounds of the
general formula (I-21), and more preferably compounds having
the structures of the general formulas (I-2la) to (I-2laa),
(I-21ak) to (I-2lem), (I-21eo) to (I-2ley), (I-21fa) to (I-
21fk), (I=21fm) to (I-21fw) and (I-21fy) to (I-21lgi).

If Ri is an alkyl or alkenyl group having 2 to 7 carbon
atoms, Q' represents F, Cl, CF3, OCF3, or CN, X' and X?
represént H, F, Cl, CFs;, or OCF;, and W' to W® represent H, F,

Cl, CF;, or OCF;, in the general formula (I-3), compounds of

————

the following sub-groups (I-biv) and (I-bv) are more
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preferred.
(I-biv): Compounds’ in which k'=k?=0 and K’ is a single
bond, -{(CH,),-, -CO0O-, or -C=C-, specifically compounds of the
general formula (I-31), and more preferably compounds having
the structures of the general formulas (I-3la) to (I-3lag).
(I-bv): Compounds in which k*=0, k?=0, the ring A! is 1,4-
phenylene, 3-fluoro-1,4-phenylene, or 3,5-difluoro-1,4-
phenylene, and K! and K® represent a single
bond, -(CH;),-, -C00-, or -C=C-, specifically compounds of the
general formula (I-32), and more preferably compounds having
the structures of the general formulas (I-32a) to (I-32z) and
(I-32ai) to (I-32dv).

If R' is an alkyl or alkenyl group having 2 to 7 carbon
atoms, Q' represents F, Cl, CFs;, OCF3, or CN, and X' and X?
represent H, F, Cl, CFi3, or OCF3, in the general formula (I-4),
compounds of the following sub-groups (I-bvi) and (I-bix) are
more preferred.

(I-bvi): Compounds in which k°=k®=k’=k®=0 and K® is a single
bond, -(CHj;)2-, -(CHz)4-, or ~-COO-, specifically compounds of
the general formula (I-41), and more preferably compounds
having the structures of the general formulas (I-4la) to (I-
4lai). —

(I-bvii): Compounds in which k°=1, k®=k’=k®=0, the ring Al is
trans-1,4-cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-
phenylene, or 3,5-difluoro-1,4-phenylene, and K' and K°
represent a single bond, =-(CH,;),-, or -CO0O-, specifically

compouﬁa;_of the general formula (I-42), and more preferably
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compounds having the structures of the general formulas (I-
42a) to (I-42ag), (I-42ak) to (I-42an), (I-42ap) to (I-42as),
(I-42au) to (I-42ax), (I-42az) to (I-42bc), (I-42be) to (I-
42bh), (I-42be) to (I-42bh), (I-42bj) to (I-42bm) and (I-42bo)
to (I-42dp).
(I-bviii): Compounds in which k’=1, k°=k®=k%=0, the ring A% is
trans-1,4-cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-
phenylene, or 3,5-difluoro-1,4-phenylene, and K’ and K°
represent a single bond, -(CH:2)2-, or -COO-, specifically
compounds of the general formula (I-43), and more preferably
compounds having the structures of the general formulas (I-
43a) to (I-43bs) and (I-42bo) to (I-42dp).
(I-bix): Compounds in which the decahydronaphthalene-2, 6-diyl
ring has at least substituent among substituents
of -CFy;-, -CHy;~O-, ~-CH=CH-, -CH=CF-, ~-CF=CF-, -CH=N-, -CF=N-,
>CH-0-, >C=CH-, >C=CF-, >C=N-, >N-CH,;-, >CH-CF<, >CF-CFK,
>C=C< and Si, and more preferably compounds having the
structures of the general (I-4la), (I-4lo), (I-41ls), (I-41t),
(I-4lab), (I-42a), (I-42d), (I-42g), (I-427j) to (I-42m), (I-
42p), (I-42s), (I-42v), (I-42y), (I-42ab), (I-42ae) to (I-
42aj), (I-42bo), (I-42br), (I-42bt), (I-42bx), (I-42ca), (I-
42cd), (I=42ci) to (I-42ck), (I-42co) to (I-4cqg), (I-43a) to
(I-43c), (I-43g) to (I-43i), (I-431) to (I-43n), (I-43q) to
(I-43s), (I-43v) to (I-43x), (I-43aa) to (I-43ac) and (I-44a)
to (I—4Bg) in which the decahydronaphthalene-2, 6-diyl ring is

substituted with (I-74b) to (I-74cv). As a matter of course,

compounds in which at least one of hydrogen atom,~ﬁhich are
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present in these rings, is substituted with a deuterium atom
are also included.

If R! is an alkyl or alkenyl group having 2 to 7 carbon
atoms, Q' is F, Cl, CF3;, OCF;, or CN, and W! to W’ represent H,
F, Cl, CF3, or OCF3, in the general formula (I-5), compounds of
the following sub-groups (I-bx) and (I-bxi) are more
preferred.

(I-bx): Compounds in which k'=k?=0, the ring A! is trans-1,4-
cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-phenylene, 3,5-
difluoro-1, 4-phenylene, naphthalene-2,6-diyl, 1,2,3,4-
tetrahydronaphthalene-2, 6-diyl, or decahydronaphthalene-2, 6~
diyl, and K! is a single bond, =-(CHz)z~, =-(CHz)4-, or -COO-,
specifically compounds of the general formula (I-51), and more
preferably compounds having the structures of the general
formulas I-51a) to (I-511) and (I-51lp) to (I-51y). If the
ring A'! is a decahydronaphthalene-2, 6-diyl ring, specifically
in the case of compounds of the general formulas (I-51x) and
(I-51y), compounds substituted with (I-74b) to (I-74cv) are
also preferred. As a matter of course, compounds in which at
least one of hydrogen atom, which are present in these rings,
is substituted with a deuterium atom are also included.
(I-bxi): Cempounds in which k=0, k%*=0, rings A! and A?
represent trans-1,4-cyclohexylene, 1,4-phenylene, 3-fluoro-
1,4-phenylene, 3,5-difluoro-1,4-phenylene, naphthalene-2, 6-
diyl, 1,2,3,4-tetrahydronaphthalene-2, 6-diyl, or
decahydronaphthalene-2,6-diyl, and K' and K® represent a single

bond, =-(CHs)-, —-(CHz)s-, or -COO-, specifically compounds of
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the general formula (I-52), and more preferably compounds
having the structures of the general formulas (I-52a) to (I-
52bd). If the ring A? is a decahydronaphthalene-2, 6-diyl ring,
specifically in the case of compounds of the general formulas
(I-52bc) to (I~52bd), compounds substituted with (I-74b) to
(I-74cv) are also preferred. As a matter of course, compounds
in which at least one of hydrogen atom, which are present in
these rings, is substituted with a deuterium atom are also
included. (I-bxii): If the ring rings A' to A' represent a
non-substituted or substituted decahydronaphthalene-2, 6-diyl
ring in the general formulas (I-1) to (I-5), compounds having
partially structured selected from (I-74a) to (I-74dm) are
preferred. More preferred are (I-74a) to (I-741), (I-74at),
(I-74au), (I-74bk) and (I-74by) to (I-74dm), and particularly
preferred are (I-74a), (I-74e), (I-T74au), (I-74bk), (I-74ck),
(I-74cl), (I-74cn), (I-T74cqg), (I-T74cr), (I-74ct) and (I-T74cw)
to (I-74dm). Particularly, compounds having (I-74cq) had
excellent response characteristics and high nematic phase-
isotropic liquid phase transition temperature compared to
compounds having (I-74au), and also had noticeable properties
which are not recognized in the prior art. As a matter of
course, compounds in which at least one of hydrogen atom,
which are present in the rings of (I-74a) to (I-74cv), is
substituted with a deuterium atom are also included.

Alfhough the liquid crystal component A of the present

invention can contain one, or two or more kinds of compounds

— o — ————

selected from one, two, or three or more compounds among the
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sub-groups (I-bi) to (I-bxii), the effects can be obtained
even when composed of only one compound from one sub-group.
Compounds having two or more structural features of the
compounds shown in the sub-groups (I-bi) to (I-bxii) are more
preferred. The liquid crystal component A can be composed of
the compounds shown in the sub-groups (I-bi) to (I-bxii)
according to the desired purposes. The liquid crystal
composition containing such a liquid crystal composition of
the present invention broadens the operating temperature range
of liquid crystal display characteristics due to an
improvement in co-solubility and storage at low temperature,
thereby making it possible to improve a reduction in driving
voltage and a change in temperature and to attain
comparatively fast response characteristics for a
predetermined driving voltage, thus obtaining more improved
electro-optical characteristics of TN-LCDs, STN-LCDs, TFT-
1LCDs, PDLCs, PN-LCDs or the like using the liquid crystal
composition as a constituent material.

The liquid crystal component A composed of compounds of
the general formulas (I-1) to (I-5) related to the liquid
crystal composition of the present invention, or the liquid
crystal component A containing compounds of the above-
described sub~groups (I-ai) to (I-bxii), or the liquid crystal
component A containing compounds capable of having two or more
structural features of the sub-groups (I-ai) to (I-bxii) is

characterized by a molecular structure having, as a partial

structure, non-substituted or substituted naphthaiéne-Z,G—
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diyl, decahydronaphthalene-2,6-diyl and 1,2,3,4-
tetrahydronaphthalene-2, 6-diyl rings. This feature has a
plate-like structure compared to conventional compounds.
Furthermore, these rings can a lot of substituents such as F
and Cl compared to 1,4-phenylene. Therefore, the resulting
ligquid crystal composition has excellent co-solubility,
comparatively high phase transition temperature in spite of
its molecular length, comparatively small birefringent index
in spite of high phase transition temperature, and lower
driving voltage in spite of large dielectric coénstant
anisotropy, thereby exerting the effect of inhibiting the
dependence of the frequency on the driving voltage at high
frequency range and to reduce the dependence of the
temperature on the driving voltage, and is also superior in
adjustment of the size of K;; and K;,. From such a point of
view, the liquid crystal composition is also useful to improve
the response characteristics, particularly response
characteristics of IPS mode.

The liquid crystal composition of the present invention
contains a liquid crystal component B, which contains one, or
two or more kinds of compounds having a dielectric constant
anisotropy of +2 or more, in addition to the liquid crystal
component A. The liquid crystal compound having a dielectric
constant anisotropy of +2 or more in the present invention is
used in the following meaning.

The liquid crystal compound is a compound which has a

bar-like chemical structure, the center portion having a core
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structure with one to four six~membered rings, the six-
membered ring positioned at both terminals in the major axis
direction of the center portion having a terminal group
substituted at the position corresponding to the direction of
the major axis of the liquid crystal, at least one of terminal
groups, which are present at both terminals, being a polar
group, for
example, -F, -Cl, -NO,, -CF,;, -OCF;, -OCHF,;, -CN, -OCN, -NCS or
the like. Consequently, it becomes possible to adjust the
optical anisotropy of the liquid crystal layer to a
predetermined value, thereby making it possible to
electrically drive and widen the operating temperature range.

As the liquid crystal component B, one, or two or more
kinds, preferably three to forty kinds, and more preferably
three to fifteen kinds of compound having a dielectric
constant anisotropy of +2 or more can be used. The liquid
crystal composition preferably contains the compound after
appropriately selecting from compound having a dielectric
constant anisotropy within a range from +2 to +8, compound
having a dielectric constant anisotropy within a range from +8
to +13, compound having a dielectric constant anisotropy
within a range from +14 to +18 and compound having a
dielectric constant anisotropy of +18 or more. In this case,
thirty kinds or less, preferably fifteen kinds or less of
compounds having a dielectric constant anisotropy within a
range from +2 to +13 are mixed, twenty kinds or less,

preferabi? eight kinds or less of compounds having a
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dielectric constant anisotropy within a range from +14 to +18
are mixed, and fifteen kinds or less, preferably ten kinds or
less of compounds having a dielectric constant anisotropy of
+18 or more are mixed. Use of the liquid crystal component in
the above manner exerts more preferred effects due to
temperature characteristics of display characteristics. More
specifically, it improves the dependence of the temperature on
the driving voltage, contrast related to sharpness, response
characteristics or the like.

From such a point of view, more preferred mode of a basic
structure in compounds represented by the general formulas
(IT-1) to (II-4) includes compounds represented by the general

formulas (II-la) to (II-4n).



18 MAR 2003

(11— lf)

2
&

(I1- lg)

]

-

CH2)2

(1I-1h)
CHa)s

%

£

(1I- 11

3

.

(I1-1;

i

CHa)2

%

(- lk)

5

i4

CHy)4
(11- 11)
CHz)z

5



1

(I1-2a)

(II-2b)

(11-2¢)

(11-2d)

(11-2e)

(11-29

(11-2g)

(11-2h)

(11-2i)

(1-29)

158

1

Rl (11-2k)
2
1

R~ )~ )< (11-21)

—

(I1-2m)

—

(I1-2n)

R: 0 !
) (II-20)

(I1-2p)

(II-2q)

1

R} =C :
) (I1-2r)
1

Rl 1
D, . (11-2s)

o
R@d{oe{'%l
R@{%oocél
R@Qﬁ{%l
R@col
R@col
e

18 MAR 2003



(II-2u)

(11-2v)

(1I-2w)

(11-2x)

(II-2y)

(11-2z)

(II-2aa)

(I1-2ab)

(II-2ac)

(II-2ad)

(I1-2ae)

R

=
RLO%CHZ)Z—CQCQQQ]
ey |

1 8 MAR 2003



o
3
S

(I1I-3a)

(11-3b)

(II-3¢)

(11-3d)

(1I-3e)

(11-30)

(11-3g)

(II-3h)

(I1-3i)

(11-3j)

(11-3k)

—

O
0
e

N

]

-0~
O~

:

s
o
0

Do
6

1

RO~

:

2

o
e
4

o
3
o

iS
e

!

)

D,

|

160

(11-31)

(11-3m)

(11-3n)

(11-30)

(I1-3p)

(II-3q)

(11-3r)

(I1-3s)

(11-3t)

(11-3u)

(I1-3v)

OGony
ot

18 MAR 2003



18 MAR 2003

161

1 1
(11-4a) RI—C}—C%QI (1-4h) R~ - !
2

(11-4b)

(I-40) R~ ) Q e a1 RA )< )< )
2

1

40 R0t s Rl
2 2
1 1

(lI-4e) R Q L) )@ -4 R 0 & )~ Q!
2

2
1 1
(11-49 R‘ (I1-4m) R‘
2 2
1 1

(Il-4n) R

More preferred mode of the side chain group R' in the
general formulas (II-1) to (II-4) includes compounds of the
above-described general formulas (I-6a) to (I-6bc).

More preferred mode of the partial structural formula
(II-5) of 1,4-phenylene having a polar group includes
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compounds represented by the following general formulas (II-
5a) to (II-5r).

1

(11-5) !

(I-52) —_)-CN  (1-6)) —_)—F  (-59) —_)—Cl

(11-5c) -Cg—c (11-59 ‘C%F (11-50) !

(-5 —_)~CFs (I-5m)—_)~OCF; (ll-5p) —_)~OCF,H

(11-5k) Ad—c& (I1-5n) —C;-ocm (11-5q) ‘d-OCFzH
(11-51) ‘Cé“)l:;; (I1-50) QOCFE (11-5r) QﬁCFzH

The respective compounds are used after sufficient
purification by removing impurities using a means such as
distillation, column purification, recrystallization or the
like.

In more detail, if a general liquid crystal composition
is prepared, the following compounds are preferably used as
the liquid crystal component B and the effects of the present
invention ﬁan be obtained by using the liquid crystal
component B with the liquid crystal component A.

(IT-ai): Compounds in which R! is an alkyl or alkenyl group
having 2 to 5 carbon atoms, in the general formulas (II-1l) to

(IT-4). Specific compounds are compounds having the
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structures of the general formulas (II-la) to (II-4n) in which
the side chain groups are (I-6ah) to (I-6bc) and the partial
structures of the polar group are represented by the general
formulas (II-%a) to (II-5r), and preferably compounds having
the structures of the general formulas (II-la) to (II-11) and
(IT-21i) to (II-2ae), thus obtaining more improved electro-
optical characteristics of STN-LCDs, TFT-LCDs, PDLCs, PN-LCDs
or the like.

(II-aii): Compounds in which Q' is F, Cl, or -OCF;, in the
general formulas (II-1) to (II-4). Specific compounds are
compounds having the structures of the general formulas (II-
la) to (II-4n) in which the side chain groups are (I-6a) to
(I-6bc) and the partial structures of the polar group are
represented by the general formulas (II-5d) to (II-5i) and
(II-5m) to (II-50), and preferably compounds having the
structures of the general formulas (II-la) to (II-11), (II-2f)
to (II-2qg), (II-2u) to (II-2w) and (II-2ab) to (II-4f). If
these compounds are used practically as a principal component,
the resulting liquid crystal is superior in reduction in
driving voltage and high voltage holding ratio of active TFT-
LCD, STN-LCD, PDLC and PN-LCD. If these compounds are used in
combinatien with compounds in which Q' is CN and the both are
used practically as a principal component, it becomes possible
to obtain excellent electro-optical characteristics such as
driving'voltage, sharpness, response characteristics and
temperature characteristics of TN-LCDs, STN-LCDs, PDLCs, PN-"

LCDs or the like.
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(II-aiii): Compounds in which P? is =-(CHz)2- or =-(CHz)4~, in the
general formula (II-1). Specific compounds are compounds
having the structures of the general formulas (II-1lc), (II-
1d), (II-1g) and (II-1h) in which the side chain groups are
(I-6a) to (I-6bc) and the partial structures of the polar
group are represented by the general formulas (II-5a) to (II-
5r).
(II-aiv): Compounds in which p' is 1, in the general formula
(IT-1). Specific compounds are compounds having the
structures of the general formulas (II-le) to (II-1l1l) in which
the side chain groups are (I-6a) to (I-6ébc) and the partial
structures of the polar group are represented by the general
formulas (II-5a) to (II-5r). These compounds are suited for
applications requiring low driving voltage and comparatively
small birefringent index.
(II-av): Compounds in which at least one of Y!, Y%, W}, and W?
is F, in the general formula (II-2). Specific compounds are
compounds having the structures of the general formulas (II-
2a), (II-2c), (II1-2f), (Ir-2i), (II-21), (II-20), (II-2r),
(II-2u), (II-2x), (II-2y), (II-2ab) and (II-2ac) in which the
side chain groups are (I-6a) to (I-6bc) and the partial
structure of the polar group are represented by the general
formulas (iI-Sb), ({II-5¢), (II-5e), (II-5f), (II-5h), (II-5i),
(II-5k), (11I-51), (II-5n), (II-50), (II-5gq) and (II-5r), or
compounds having the structure of the general formulas (II-
2b), (II-2d), (II-2e), (I1I-2g), (II-2h), (II-23j), (II-2k),

(IT-2m), (II-2n), (II-2p), (TI-2q), (II-2s), (II-2t), (II-2v),

P—



M

10

15

20

25

18 MAR 2003

165
(II-2w), (II-2z), (II-2aa), (II-2ad) and (II-2ae) in which the
side chain groups are (I-6a) to (I-6bc) and the partial
structures of the polar group are represented by the general
formulas (II-5a) to (II-5r), which are suited for applications
to reduce the driving voltage.
(II-avi): Compounds in which p* is 1 and P! is -C=C-, in the
general formula (II-2). Specific compounds are compounds
having the structures of the general formulas (II-20) to (II-
2q) and (II-2ab) to (II-2ae) in which the side chain groups
are (I-6a) to (I-6bc) and the partial structures of the polar
group are represented by the general formulas (II-5a) to (II-
5r), which are suited for applications requiring low driving
voltage and camparatively small birefringent index.
(IT-avii): Compounds in which P? is a single bond or -(CH;).-
and P! -C00-, in the general formula (II-2). Specific
compounds are compounds having the structures of the general
formulas (II-21) to (II-2n), (II-2r) to (II-2t) and (II-2y) to
(II-2aa) in which the side chain groups are (I-6a) to (I-6bc)
and the partial structure of the polar group are represented
by the general formulas (II-5a) to (II-5r), which are suited
for applications with low driving voltage.
(IT-aviii}: Compounds in which at least one of Y, Y?, and W
to W' is F, in the general formula (II-3). Specific compounds
are compounds having the structures of the general formulas
(II-3a), (II-33), (II-3k), (II-3s), (II-3t) in which the side
chain groups are (I-6a) to (I-ébc) and the partial structures

of the polar group are repreégﬁted by the general formulas
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(I1-5b), (II-5¢), (II-5e), (I1I-5f), (II-5h), (II-5i), (II-5k),
(I1-51), (II~-5n), (II-50), (II-5g) and (II-5r), or compounds
having the structures of the general formulas (II-3b) to (II-
3i), (II-31) to (II-3r) and (II-3u) to (II-3x) in which the
side chain groups are (I-6a) to (I-6bc) and the partial
structures of the polar group are represented by the general
formulas (II-5a) to (II-5r), which are suited for applications
to reduce the driving voltage.
(IT-aix): Compounds in which P} is -C=C-, in the general
formula (II-3). Specific compounds are compounds having the
structures of the general formulas (II-3k) to (II-3r) in which
the side chain groups are (I-6a) to (I-6bc) and the partial
structure of the polar group are represented by the general
formulas (II-5a) to (II-5r), which are suited for applications
requiring low driving voltage and comparatively small
birefringent index.
(II-ax): Compounds in which P! is a single bond or -C=C- and P’
is -C00-, in the general formula (II-3). Specific compounds
are compounds having the structures of the general formulas
(IT-3j) and (II-3y) in which the side chain groups are (I-6a)
to (I-6bc) and the partial structures of the polar group are
represented by the general formulas (II-5a) to (II-5r).
(II-axi): Compounds represented by the general formula (II-4).
Specific compounds are compounds having the structures of the
general formulas (II-4a) to (II-4n) in which the side chain
groups are (I-6a) to (I-6bc) and the partial structures of the

polar group are represented 6§—the general formulas (II-5a) to
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(IT-5r).

(IT-axii): Compounds in which rings B! to B’ represent trans-
1,4-cyclohexylene and at least one of hydrogen atoms of this
ring is substituted with a deuterium atom, in the general
formulas (II-1), (II-2) and (II-4). Specific compounds are
compounds having the structures of the general formulas (II-
la) to (II-11), (II-2i) to (II-2ae), (II-4b) and (II-4i) in
which the side chain groups are (I-6a) to (I-6bc) and the
partial structures of the polar group are represented by the
general formulas (II-5a) to (II-5r).

A nematic liquid crystal composition containing one, or
two or more kinds of compounds selected from compounds shown
in these sub-groups (II-ai) to (II-axii) is preferred.

For the purpose of obtaining a liquid crystal composition
suited for use as TN-LC, STN-LCD or the like, the following
compounds are preferably used as the liquid crystal component
B. The effects of the present invention can be obtained by
using such a liquid crystal component M in combination with
the liquid crystal component A.

(II-bi): Compounds in which R! is an alkyl or alkenyl group
having 2 to 5 carbon atoms, p1 is 0, and Q' is -CN, in the
general fermula (II-1). Specific compounds are compounds
having the structures of the general formulas (II-la) to (II-
1d) in which the side chain groups are (I-6a) to (I-6d), (I-
6ah) to (I-6am) and (I-6av) to (I-6bc) the partial structures
of the polar group are represented by the general formulas

(II-5a) to (II-5c).
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(II-bii): Compounds in which R! is an alkyl or alkenyl group
having 2 to 5 carbon atoms, p* is 0, Q' is F or -CN, and Y' and
Y? represent H or F, in the general formula (II-1). Specific
compounds are compounds having the structures of the general
formulas (II-le) to (II-11l) in which the side chain groups are
(I-fa) to (I-6d), (I-6ah) to (I-6am) and (I-6av) to (I-6bc)
and the partial structures of the polar group are represented
by the general formulas (II-5a) to (II-5f).

(II-biii): Compounds in which R! is an alkyl or alkenyl group
having 2 to § carbon atoms, p* is 0, Q' is -CN, and Y!, Y%, W!,
and W? represent H or F, in the general formula (II-2).
Specific compounds are compounds having the structures of the
general formulas (II-2a) to (II-2h) in which the side chain
groups are (I-6a) to (I-é6d), (I-6ah) to (I-6am) and (I-6av) to
(I-o6bc) and the partial structure of the polar group are
represented by the general formulas (II-5a) to (II-5c).
(II-biv): Compounds in which R! is an alkyl or alkenyl group
having 2 to 5 carbon atoms, p® is 1, P? is a single

bond, - (CH3),-, or -COO-, P! is a single bond, -C0O0-, or -C=C-,
Q' is F or -CN, and Y!, Y?, W!, and W represent H or F, in the
general formula (II-2). Specific compounds are compounds
having the structures of the general formulas (II-2i) to (II-
2ae) in wﬁich the side chain groups are (I-6a) to (I-6d), (I-
6ah) to (I-6am) and (I-6av) to (I-6bc) and the partial
structure of the polar group are represented by the general
formulas (II-ba) to (II-5f).

(II-bv): Compounds in R! is éa_alkyl or alkenyl grdﬁp having 2
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to 5 carbon atoms, and one of P! and P’ is a single bond and
other one is a single bond, -COO-, or -C=C-, in the general
formula (II-3). Specific compounds are compounds having the
structures of the general formulas (II-3a) to (II-3x) in which
the side chain groups are (I-6a) to (I-6d), (I-6ah) to (I-6am)
and (I-6av) to (I-6ébc) and the partial structures of the polar
group are represented by the general formulas (II-5a) to (II-
5r).

(II-bvi): Compounds in which R! is an alkyl or alkenyl group
having 2 to 5 carbon atoms and Y', Y?, and W' to W' represent H
or F, in the general formula (II-3). Specific compounds are
compounds having the structures of the general formulas (II-
3a) to (II-3t) in which the side chain groups are (I-6a) to
(I-6d), (I-6ah) to (I-6am) and (I-6av) to (I-6bc) and the
partial structures of the polar group are represented by the
general formulas (II-5a) to (II-5r).

(II-bvii): Compounds in which R! is an alkyl or alkenyl group
having 2 to 7 carbon atoms and p?+p=0, in the general formula
(IT-4). Specific compounds are compounds having the
structures of the general formulas (II-4a) and (II-4h) in
which the side chain groups are (I-6a) to (I-6f), (I-6ah) to
(I-6am) amd (I~6av) to (I-6bc) and the partial structures of
the polar group are (II-5a) to (II-5r).

(II-bviii): Compounds in which rings B' to B’ represent trans-
1,4-cyclohexylene and at least one hydrogen atom of this ring
is substituted with a deuterium atom, in the general formulas

(IT-1) and (II-2). Specific Egmpounds are compoun&é having
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the structures of the general formulas (II-la) to (II-11l) and
(II-2i) to (II-2ae) in which the side chain groups are (I-6a)
to (I-6bc) and the partial structures of the polar group are
represented by the general formulas (II-5a) to (II-5r).

Preferred is a nematic liquid crystal composition
containing one, or two or more kinds of compounds selected
from compounds shown in these sub-groups (II-bi) to (II-
bviii), the content of the compounds as the liquid crystal
component M being within a range from 10 to 100% by weight.

For the purpose of obtaining a liquid crystal composition
suited for use as STN-LCD requiring high reliability as well
as active TFT-LCD, IPS, STN-LCD, PDLC, PN-LCD or the like, the
following compounds are preferably used as the liquid crystal
component B. The effects of the present invention can be
obtained by using such a liquid crystal component M in
combination with the liquid crystal component A.
(II-ci): Compounds in which R' is an alkyl or alkenyl group
having 2 to 5 carbon atoms, p1 is 0, one of P! and P? is a
single bond and other one is a single bond, -COO-, - (CH;)3-,
or -(CHp)4, Q' is F, Cl, CF3;, OCF3;, or OCF,H, and one or two of
Y' Y? represent F, in the general formula (II-1). Specific
compounds—are compounds having the structures of the general
formulas (II-le) to (II-1k) in which the side chain groups are
(I-6a) to (I-6d), (I-6ah) to (I-6am) and (I-6av) to (I-6bc)
and the partial structures of the polar group are represented
by the general formulas (II-5e), (II-5f), (II-5h), (II-5i),

(II-5k), (II-51), (II-5n), (II-50), (II-5q) and (II-5r).
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(II-cii): Compounds in which R! is an alkyl or alkenyl group

! is 1, P? is a single

having 2 to 5 carbon atoms, p
bond, -(CHz),-, or -C00-, P! is a single bond, -COO-, or -C=C-,
o' is F, Cl, CF;, OCF;, or OCF.H, one or two of Y! and Y?
represent F, and W' and W? represent H or F, in the general
formula (II-2). Specific compounds are compounds having the
structures of the general formulas (II-2i) to (II-Z2ae) in
which the side chain groups are (I-6a) to (I-6éd), (I-6ah) to
(I-6am) and (I-6av) to (I-6bc) and the partial structures of
the polar group are represented by the general formulas (II-
S5e), (I1I-5f), (I1-5h), (II-5i), (II-5k), (II-51), (II-5n),
(II-50), (II-Bq) and (II-5r).

(IT-ciii): Compounds in which R! is an alkyl or alkenyl group
having 2 to 5 carbon atoms, one of P! and P’ is a single bond
and other one is a single bond, -CO0O-, or -C=C-, Q! is F, C1,
CF3;, OCF3, or OCFz;H, one or two of v! and Y? represent F, and Wt
to W! represent H and one or more of W' to W! represent F, in
the general formula (II-3). Specific compounds are compounds
having the structures of the general formulas (II-3a) to (II-
3%x) in which the side chain groups are (I-6a) to (I-6d), (I-
bah) to (I-6am) and (I-6av) to (I-6bc) and the partial
structured-of the polar group are represented by the general
formulas (II-5e), (II-5f), (II-5h), (II-5i), (II-5k), (II-51),
(II-5n), (II-50), (II-5q) and (II-5r).

(IT-civ): Compounds in which rings B' to B® represent trans-
1,4-cyclohexylene and at least three hydrogen atoms of this

ring are substituted with a deuterium atom, in théﬁgeneral
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formulas (II-1l) and (II-2). Specific compounds are compounds
having the structures of the general formulas (II-la) to (II-
11) and (II-2i) to (II-2ae) in which the side chain groups are
(I-6a) to (I-6bc) and the partial structures of the polar
group are represented by the general formulas (II-5a) to (II-
5r).

Preferred is a nematic liquid crystal composition
containing one, or two or more kinds of compounds selected
from compounds shown in these sub-groups (II-ci) to (II-cviv),
the content of the compounds as the liquid crystal component B
being within a range from 10 to 100% by weight.

Particularly preferred mode in compounds represented by
the general formulas (II-1) to (II-4) includes the liquid
crystal component B containing the following compounds.
(II-di): Compounds in which R! is an alkyl group having 2 to 7
carbon atoms, in the general formulas. Compounds in which R!
is an alkenyl group of CpHzp+1—CH=CH-(CH)q (p is 0, 1, 2, or 3,
g is 0 or 2), in the general formulas (II-1) and (II-2).
Specifically, compounds having the structures of the general
formulas (II-la), (II-le), (II-2a), (II-2c), (II-2d), (II-2i),
(I1-21), (II-20), (II-3a), (II-31), (II-4a) to (II-4c) and
(IT-4e) having preferably these groups, and the viscosity and
viscoelasticity can be reduced when the liquid crystal
component B contains at least one compound having an alkyl or
alkenyl_group.

(II-dii): It is preferred that the liquid crystal component B

T — —

contains at least one compound in which Q' is F, Cl, -OCF3, or
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-CN in the general formulas (II-1) to (II-4) after selection.
(II-diii): If high-speed response is considered to be
important, compounds of the general formulas (II-la), (II-1e),
(II-2a), (I1-2¢), (II-2d), (II-2i), (II-21), (II-20), (II-3a),
(II-31) and (II-4a) in which Q' is F, Cl, -OCF3, or —-CN in the
general formulas (II-1) to (II-4) are preferably used in a
large amount based on the crystal liquid component B.

(II-div): If larger birefringent index is required, compounds
of the general formulas (II-2a) to (II-4d) in which Q! is

Cl, -OCF3, or =CN in the general formulas (II-2) to (II-4) and
compounds of the general formulas (II-2f) to (II-2h), (II-Z2Z0)
to (II-2q), (II-2ab) to (II-2ae) and (II-3k) to (II-3x) in
which P! and P® represent -C=C- in the general formulas (II-2)
and (II-3) are preferably used in a large amount based on the
crystal liquid component B.

(IT-dv): If lower driving voltage is required, compounds of
the general formulas (II-2a) to (II-4g) in which Q' is F, C1,
or -CN and one of a pair of Y!' and Y® is necessarily F in the
general formulas (II-1) to (II-4) are preferably used in a
large amount based on the crystal liquid component B.
(II-dvi): Although compounds in which hydrogen atoms in the
cyclohexame ring of the general formulas (II-1) and (II-2) are
substituted with a deuterium atom, these compounds are useful
to adjust the elastic constant of the liquid crystal
composifion and to adjust the pre-tilt angle corresponding to
the alignment film. Therefore, the liquid crystal component B

—— .

preferably contains at least one compound substituted with a
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deuterium atom.

(II-dvii): A mixing ratio of the component “dicyclized
compound in which p' to p’ represent 0 in the general formulas
(I1-1), (II-2) and (II-4)” to the component “compound in which
p' is 1 in the general formulas (II-1) and (II-2), compound in
which p?+p®=1 in the general formula (II-4) and/or tricyclized
compound of the general formula (II-3)” can be appropriately
selected within a range from 0 to 100 (10 to 0). If higher
nematic phase-isotropic liquid phase transition temperature is
required, “compound in which p' is 1 in the general formulas
(II-1) and (II-2), compound in which p?+p°=1 in the general
formula (II-4) and/or tricyclized compound of the general
formula (II-3)” are preferably used in a large amount based on
the crystal liquid component B.

Preferred is a nematic liquid crystal composition
containing one, or two or more kinds of compounds selected
from compounds shown in these sub-groups (II-di) to (II-dvii),
the content of the compounds as the liquid crystal component B
being within a range from 10 to 100% by weight.

The liquid crystal component B containing these compounds
(IT-ai) to (II-dvii) has a feature that it can be well mixed
with the liquid crystal component A as an essential component,
and is parficularly useful for preparation according to the
purpose of the driving voltage, improvement in temperature
dependency and improvement in response characteristics.
Particularly, compounds of the general formulas (II-la) to

(II-1g), (II-2a) to (II-2q), (II-2u) to (II-2x), (II-2ab) to
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(IT-2ae), (II-3a) to (II-3d), (II-31) to (II-3r) and (II-4a)
to (II-4e) are superior in at least one of individual effects
and this effect can be obtained even in the case of small
content within a range from 0.1 to 25% by weight based on the
total amount of the nematic liquid crystal composition of the
present invention.

Although the liquid crystal component B of the present
invention can contain at least one compound selected from one,
two, or three or more sub-groups among these sub-groups (II-
ai) to (II-dvii), the effect can be obtained by composing of
only one compound from one sub-group. Compounds capable of
having two or more structural features of compounds shown in
the sub-groups (II-ai) to (II-dvii) are more preferred. The
liquid crystal component B can be composed of compounds shown
in the above sub-groups (II-ai) to (II-dvii) according to the
desired purposes.

The liquid crystal composition of the present invention,
which is obtained by using a liquid crystal component B
containing, as a principal component, compounds of the general
formulas (II-1) to (II-4) related to the liquid crystal
composition of the present invention, or a liquid crystal
component -B containing compounds of the above-described sub-
groups (II-ai) to (II-dvii), or a liquid crystal component B
capable of having two or more structural features of the same
groups (II-ai) to (II-dvii) in combination with a liquid

crystal component A broadens the operating temperature range’

of liquid crystal display characteristics due to an
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improvement in co-solubility and storage at low temperature,
thereby making it possible to improve a reduction in driving
voltage and a change in temperature and to attain
comparatively fast response characteristics for a
predetermined driving voltage, thus obtaining more improved
electro-optical characteristics of TN-LCDs, STN-LCDs, TFT-
LCDs, PDLCs, PN-LCDs or the like using the liquid crystal
composition as a constituent material.

The effect of the liquid crystal component A and liquid
crystal component B can also be obtained even if the content
of a liquid crystal component C described below is very small.
For the purpose of particularly reducing the driving voltage,
the content of a liquid crystal component C can be adjusted to
10% by weight or less. In this case, the viscosity of the
liquid crystal component C is preferably reduced as small as
possible so that the driving voltage is less likely to
increase, thereby efficiently improving the response time.
For example, the content of the liquid crystal component C is
small, the method of attaining this effect by the liquid
crystal component B is that the liquid crystal component B
preferably contains any of compounds in which Q' is F,

Cl, -OCF3;;~or -CN in the general formulas (II-1l) to (II-4),
compounds-in which Y' and Y? represent F in the general
formulas (II-1) to (II-4), compounds in which P! is a single
bond, —COO-, or -C=C- in the general formulas (II-2) and (II-

3) and .compounds in which p' is 0 in the general formula (II-

e ——
———

1). Particularly, compounds in which o' is F or —CN in the
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general formulas (II-1) to (II-4) and/or compounds in which y?
and Y’ represent F in the general formulas (II-1) to (II-4)
are preferred,

The liquid crystal composition of the present invention
preferably contains 85% by weight or less of the liquid
crystal component C having a dielectric constant anisotropy
within a range from -10 to 2, in addition to the liquid
crystal compcnent A as an essential component. Preferred
examples of the liquid crystal component having a dielectric
constant anisotropy within a range from -10 to 2 are as
follows. That is, it is a compound which has a bar-like
chemical structure, the center portion having a core structure
with one to four six-membered rings, the six-membered ring
positioned at both terminals in the major axis direction of
the center portion having a terminal group substituted at the
position corresponding to the direction of the major axis of
the liquid crystal, the both of terminal groups, which are
present at both terminals, being a non-polar group, for
example, alkyl group, alkoxy group, alkoxyalkyl group, alkenyl
group, alkenyloxy group, alkanoyloxy group or the like. The
liquid crystal composition of the present invention is
preferably composed of one to forty kinds, and more preferably
two to twenty kinds of the liquid crystal component.

From such a point of view, more preferred mode of the
basic sfructure in compounds represented by the general
formulas (III-1) to (III-4) includes compounds represented by

——— ———

the general formulas (III—la)_to (ITI-4ac). The liquid
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crystal composition preferably contains 10 to 100% by weight
of compounds selected from compounds represented by the
general formulas (III-1) to (III-4) as the liquid crystal
component C of the present invention. The liquid crystal
component C containing these compounds has a feature that it
can be well mixed with the liquid crystal component A
containing compounds of the general formulas (I-1) to (I-4),
and is particularly useful to improve the nematic phase at low
temperature, and also can adjust the desired birefringent
index and improve the sharpness, response characteristics and
temperature characteristics thereof of TN-LCDs, STN-LCDs, TFT-
LCDs, PDLCs, PBN-LCDs or the 1like.

From such a point of view, more preferred mode of the

basic structure in compounds represented by the general
formulas (III-1) to (III-4) includes compounds represented by

the general formulas (III-la) to (III-4ac).
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More preferred mode of the formulas (III-51) and (II-52)

in side chain groups R? and R’ are compounds represented by the

general formulas (III-5a) to (III-5bf) described below.

(II-51) R* (111-52) R+

(IlI-5o) CH3CO0—
(IN1-5p) C2HsCOO—
(IlI-5q) C3H,COO—
(lII-5r) C4HeCOO—

(IlI-5h) CH30—
(111-5i) CszO__
(I1-5)) C3H,0—
(III-5k) C4HgO~

(Il-5a) CHs—
(IlI-5b) CyHs—
(I11-5¢) CsHr—
(I11-5d) C4Hs—

(I1I-51) CsH;;0—
(I11-5m) C¢H130—
(I11-5n) C7H50—

(Ilf-5€) CsHi—
(HI—Sﬂ CGH13"‘
(IlI-5g) C/Hi5—

(IlI-5v) CH3OCHy—  (llI-5aa) C;H;0OCHs—

(IlI-5s) CsH11COO—
(111-5t) CeH13COO—
(IlI-5u) C/H;5CO0—

(lll-5af) CsH7OCHs—

(IlI-5ab) CaHsOCoH— (HI—Sag) C3sH7;0CH—
(IlI-5x) CH30C3Hs—  (IlI-5ac) CoHsOCsHg—  (111-5ah) C3H7OCsHe—
(IlI-5y) CH30C4Hg—  (Il[-5ad) CoH50C4Hg—  (I11-5ai) CaH7OC4Hg—

(IlI-5z) CH30CsH g~  (I11-5ae) CoH50CsH 5~  (111-5aj) C3H7OCsHio—

(I1I-5w) CH30CoH—

(IIl-5ar) CH,=CHCH,0—

(Il1-5as) CH3CH=CHCH,O—

(Il1-5at) C2HsCH=CHCH,0—
(IlI-5au) CHy=CHC3HgO—

(Il[-5a0) CHy=CHCyHz— (IlI-5av) CHy=CHC4HgO—

(IlI-5ap) CH3CHy=CHCyHs— (IlI-5aw) CH3CHy=CHC4HsO—
(Ill-5aq) CHy=CHC3HsCH=CH— (III-5ax) CHy=CHC3H5CH=CHCH,0—

(I11-5ak) CHa=CH~—

(II-5al) CH3CH=CH—
(I11-5am) CaH5CH=CH—
(I1I-5an) C3H;CH=CH—

(11I-5ay) CHF=CH~
(I-5az) CHy=CPF—
(IlI-5ba) CFy=CH—
(11i-5bb) CHF=CF—

(I-5bc) CHF=CHCyH—
(111-5bd) CHy=CFCyHz~
(I1I-5be) CFy=CHCHir—
(III-5bf) CHR=CFC,H

5 The respective compounds are used after sufficient
purification by removing impurities using a means such as
distillation, column purification, recrystallization or the
like.

T—— ———— —

The liquid crystal component C can contain compounds
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represented by the general formulas (III-1) to (III-4), but
may be composed of compounds represented by the general
formula (III-1), compounds represented by the general formula
(ITI-2), compounds represented by the general formula (III-3),
compounds represented by the general formula (III-4), or a
combination thereof. More preferably, the nematic liquid
crystal composition contains the liquid crystal component C
containing one, or two or more kinds of compounds selected
from compounds represented by the general formulas (III-1) to
(IT1I-3), the content of the compounds being within a range
from 5 to 100% by weight.

In more detail, if a general liquid crystal composition
is prepared, the following compounds are preferably used as
the liquid crystal component C, thereby making it possible to
obtain the effects of the present invention.

(IIT-ai): Compounds in which R? is an alkenyl group having 2
to 5 carbon atoms, in the general formulas (III-1) to (III-4),
and specifically compounds having the structures of the
general formulas (III-la) to (III-4ac) in which side chain
group R?® represents (III-5a) to (II-5bf) and side chain group
R? represents (III-5ak) to (II-5ap), (III-5ar) to (III-5aw)
and (III-5ay) to (III-5bf), which improve the response
characteristics by a reduction in viscosity and
viscoelasticity and improve the nematic phase-isotropic liquid
phase transition femperature, thus obtaining more improved

electro-optical characteristics of TN-LCDs, STN-LCDs, TFT-

— . —

LCDs, PDLCs, PN-LCDs or the like.
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(III-aii): Compounds in which R’ is a straight-chain alkenyl
or alkenyloxy group having 2 to 7 carbon atoms, in the general
formulas (III-1) to (III-4), and specifically compounds having
the structures of the general formulas (III-la) to (III-4ac)
in which the side chain group R® represents (III-5a) to (II-
5bf) and the side chain group R® represents (III-S5ak) to (III-
5bf), which improve the response characteristics by a
reduction in viscosity and viscoelasticity and improve the
nematic phase-isotropic liquid phase transition temperature,
thus obtaining more improved electro-optical characteristics
of TN-LCDs, STN-LCDs, TFT-LCDs, PDLCs, PN-LCDs or the like.
(ITI-aiii): Compounds in which m' is 0 and M? is a single bond
or -(CHz)2-, in the general formula (III-1), and specifically
compounds having the structures of the general formulas (III-
la) and (III-1lc) in which side chain groups R? and R® are (III-
5a) to (III-Sbf).
(ITI-aiv): Compounds in which m! is 1, in the general formula
(IT1I-1), and specifically compounds having the structures of
the general formulas (III-1d) to (III-1r) in which side chain
groups R? and R? are (ITI-5a) to (III-5bf).
(ITI-av): Compounds represented by the general formula (III-
2), and specifically compounds having the structures of the
general fofmulas (III-2a) to (III-20) in which R? and R® are
(III-5a) to (TIII-5bf).
(III—avi): Compounds in which at least one of z!', 2%, and W to

W is F, in the general formula (III-3), and specifically

————
-

compounds having the structures of the general formulas (I1I-

——
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3b), (III-3c), (III-3e), (III-3g), (III-3i) to (III-31), (III-
3n), (III-3r) to (III-3u), (III-3w), (III-3y) to (III-3ab),
(III-3ad) to (III-3ai), (III-3al) to (III-3aq), (III-3au) to
(I1I-3az), (ITII-3bk), (III-3bl), (III-3bn) to (III-3bs), (III-
3bu), (III-3bv), (III-3by) to (III-3ch) and (III-3ck) to (III-
3dc) in which side chain groups R? and R® are (III-5a) to (III-
S5bf).

(ITI-avii): Compounds in which z3 is F or -CH3, in the general
formula (III-3), and specifically compounds having the
structures of the general formulas (III-3m) to (III-30), (III-
3v), (II1-3w), (III-3ai), (III-3aj), (III-3aqg) to (III-3as),
(III-3az) to (III-3bb), (III-3bm), (III-3bqg) and (III-3cqg) in
which side chain groups R? and R® (III-5a) to (III-5bf).
(IIT-aviii): Compounds in which m! is 0 and M?® is a single
bond, in the general formula (III-3), and specifically
compounds having the structures of the general formulas (III-
3a) to (III-3¢) in which side chain groups R? and R® are (III-
5a) to (III-5bf).

! is 1 and M! is a single

(III-aix): Compounds in which m
bond, -0CO-, -CH,0-, -OCHy;-, =-(CH;),~, - (CHj)4-, —-CH=CH-

(CH2)2-, -(CH;)2-CH=CH-, -CH=N-, -CH=N-

N=CH-, -N{O)=N-, ~CH=CH-, or-CF=CF-, in the general formula
(II1-3), énd specifically compounds having the structures of
the general formulas (III-3q) to (III-3w), (III-3ac) to (III-
3bc), (III-3be), (III-3bg), (III-3bi) to (III-3bs), (III-3bw),

(III-3ci) to (III-3dc), (III-3de) and (III-3dh) in which side

T —— ———

chain groups R? and R’ are (III-5a) to (III-5bf).
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(III-ax): Compounds in which M} is -COO- or -C=C- and M’
is -0CO-, -CH20-, -OCHz-, -(CHz)2-, -(CHz)4-, -CH=CH-
(CH2) 2=, -(CHz)2-CH=CH-, -CH=N-, -CH=N-
N=CH-, -N(O)=N-, -CH=CH-, -CF=CF-, or -C=C-, in the general
formula (III-3), and specifically compounds having the
structures of the general formulas (III-3bf), (III-3bh), (III-
3df) and (III-3dg) in which side chain groups R? and R® are
(III-5a) to (III-5bf).
(ITI-axi): Compounds represented by the general formula (III-
4), and specifically compounds having the structures of the
general formulas (III-4a) to (III-4ac) in which side chain
groups R? and R? are (ITI-5a) to (III-5bf).
(ITI-axii): Compounds selected from compounds in which rings
ct to C? representtrans-1, 4-cyclohexylene and at least one of
hydrogen atoms of these rings is substituted with a deuterium
atom, in the general formulas (III-1) to (III-4), and
specifically compounds having the structures of the general
formulas (III-la) to (III-20), (III-3q) to (III-3bi), (III-
4c), (III-4d), (III-4h), (III-4r), (III-4s) and (III-4w) in
which side chain groups R® and R® are (III-5a) to (III-5bf).
A nematic liquid crystal composition containing one, or
two or more kinds of compounds selected from compounds shown
in these éub—groups (III-ai) to (III-axii) is preferred.
Preferred mode in compounds represented by the general
formulas (III-1) to (III-4) is a liquid crystal component C
containing the following compounds.

(III-bi): Compounds in which R? is an alkyl group having 1 to

—
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5 carbon atoms or an alkenyl group having 2 to 5 carbon atoms,
R® is an alkyl or alkoxy group having 1 to 5 carbon atoms, or
alkenyl or alkenyloxy group having 2 to 5 carbon atoms, m' is
0, and M? is a single bond, -COO-, or -(CH;).-, in the general
formula (III-1), and specifically compounds having the
structures of the general formulas (III-la) to (III-1lc) in
which the side chain group R® represents (III-5a) to (III-Se)
and (III-5ak) to (III-5ap) and the side chain group R’
represents (III-5a) to (III-5e), (III-5g) to (III-51), (III-
5ak) to (III-5ap), (III-5ar) to (III-S5aw), (III-S5ay) to (III-
5bf) .
(ITI-bii): Compounds in which R? is an alkyl group having 1 to
5 carbon atoms or an alkenyl group having 2 to 5 carbon atoms,
R® is an alkyl or alkoxy group having 1 to 5 carbon atoms, or
alkenyl or alkenyloxy group having 2 to 5 carbon atoms, m' is
1, the ring cl is trans-1,4-cyclohexylene, and one of M! and M?
is a single bond and other one is a single bond, -COO,
or -{CHy)2-, in the general formula (III-1l), and specifically
compounds having the structures of the general formulas (III-
1d), (ITII-1g) to (III-1j) in which the side chain group R?
represents (III-5a) to (III-5e) and (III-5ak) to (III-5ap) and
the side chain group R® represents (III-5a) to (III-S5e), (III-
5g) to (III-51), (III-5ak) to (III-5ap), (III-5ar) to (III-
5aw) and (III-5%ay) to (III-5bf).
(III—biii): Compounds in which R? is an alkyl group having 1

to 5 carbon atoms or an alkenyl group having 2 to 5 carbon

————

atoms, R?® is an alkyl or alkoxy group having 1 to 5 carbon
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atoms, or alkenyl or alkenyloxy group having 2 to 5 carbon
atoms, the ring C? is trans-1,4-cyclohexylene or trans-1,4-
cyclohexenylene, m' is 0, and M? is a single bond, -COO,

or - (CH;)2~, in the general formula (III-2), and specifically
compounds having the structures of the general formulas (III-
2a) to (III-2e) in which the side chain group R? represents
(ITII-%a) to (III-5e) and (III-5ak) to (III-5ap) and the side
chain group R® represents (III-5a) to (III-5e), (III-5g) to
(III-51), (ITII-5ak) to (III-5ap), (III-5ar) to (III-5aw) and
(ITI-5ay) to (III-5bf).

(III-biv): Compounds in which R? is an alkyl group having 1 to
5 carbon atoms or an alkenyl group having 2 to 5 carbon atoms,
R® is an alkyl or alkoxy group having 1 to 5 carbon atoms, or
alkenyl or alkenyloxy group having 2 to 5 carbon atoms, the
ring C? is trans-1, 4-cyclohexylene or trans-1,4-
cyclohexenylene, m' is 1, and one of M! and M? is a single
bond, in the general formula (III-2), and specifically
compounds having the structures of the general formulas (III-
2f) to (III-2i) in which the side chain group R? represents
(ITI-5a) to (III-5e) and (III-5ak) to (III-5ap) and the side
chain group R3 represents (III-5a) to (III-5e), (III-5g) to
(III-51), —(III-5ak) to (III-5ap), (III-5ar) to (III-5aw) and
(III-5ay) to (III-5Sbf).

(III-bv): Compounds in which R? is an alkyl group having 1 to
5 carbon atoms or an alkenyl group having 2 to 5 carbon atoms,
R’ is an alkyl or alkoxy group having 1 to 5 carbon atoms, or

alkenyiﬁgz alkenyloxry group having 2 to 5 carbon atoms, m! is
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0, and M® is a single bond, -C=C-, or -CH=N-N=CH, in the
general formula (III-3), and specifically compounds having the
structures of the general formulas (III-3a) to (III-3c) and
(ITI-3h) to (III-3p) in which the side chain group R?
represents (III-5a) to (III-5e) and (III-5ak) to (III-5ap) and
the side chain group R® represents (III-5a) to (III-5e), (III-
5g) to (III-51), (III-5ak) to (III-5ap), (III-Sar) to (III-
5aw) and (III-5ay) to (III-5bf}).
(III-bvi): Compounds in which R? is an alkyl group having 1 to
5 carbon atoms or an alkenyl group having 2 to 5 carbon atoms,
R} is an alkyl or alkoxy group having 1 to 5 carbon atoms, or
alkenyl or alkenyloxy group having 2 to 5 carbon atoms, m! is
1, M' is a single bond, -(CH;),-, -CO0-, or -C=C-, and M} is a
single bond, -CO0-, or -C=C-, in the general formula (III-3),
and specifically compounds having the structures of the
general formulas (III-3qg) to (III-3bb), (III-3bd) to (III-
3bg), (III-3bj) to (III-3ch) and (III-3cj) to (III-3di) in
which the side chain group R’ represents (III-5a) to (III-5e)
and (III-5ak) to (III-S5ap) and the side chain group R®
represents (III-5a) to (III-5e), (III-5g) to (III-51), (III-
Sak) to (III-5ap), (ILI-5ar) to (III-5aw) and (III-5ay) to
(III-5bf) .-
(III-bvii): Compounds in which R? is an alkyl group having 1
to 5 carbon atoms or an alkenyl group having 2 to 5 carbon
atoms, R® is an alkyl or alkoxy group having 1 to 5 carbon

atoms, or—alkenyl or alkenylesy group having 2 to -5 carbon
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atoms, m' is 1, one of M' and M® is a single bond and other one
is a single bond or -C=C-, and at least one of W' and W’ is F,

in the general formula (III-3), and specifically compounds
having the structures of the general formulas (III-3r), (III-
3t), (III-3au), (III-3aw), (III-3ay), (III-3bk), (III-3bn),
(ITI-3bo), (III-3bz), (III-3cb), (III-3ce), (III-3cf), (III-
3cu), (III-3cx) and (III-3cz) in which the side chain group R?
represents (III-5a) to (III-5e) and (III-5ak) to (III-S5ap) and
the side chain group R® represents (III-5a) to (III-5e), (III-
5g) to (III-51), (III-5ak) to (III-Sap), (III-Sar) to (III-
5aw) and (III-5ay) to (III-5bf).

(ITI-bviii): Compounds in which R? is an alkyl group having 1
to 5 carbon atoms or an alkenyl group having 2 to 5 carbon
atoms, R® is an alkyl or alkoxy group having 1 to 5 carbon
atoms, or alkenyl or alkenyloxy group having 2 to 5 carbon
atoms, and any one of 2% and 2Z° is substituted with F or CHj,
in the general formula (III-3), and specifically compounds
having the structures of the general formulas (III-3c), (III-
3f), (I111-3g), (III-3j), (III-31) to (III-30), (III-3s), (III-
3u) to (III-3w), (IX1I-3z), (III-3ab), (III-3ae), (III-3aqg},
(II1-3ai), (III-3aj), (III-3am), (III-3a0), (III-3aqg) to (III-
3as), (III-3av), (III-3ax), (III-3az) to (III-3bb), (III-3bl},
(III-3bm), (III-3bp) to (III-3bs), (III-3bv), (III-3ca), (III-
3cc), (III-3ed), (III-3cg), (III-3ch), (III-3cm) to (III-3cs),
(III—BCQ) to (III-3cx) and (III-3da) to (III-3dc) in which the
side chain group R? represents (III-5a) to (III-5e), (III-5ak)

T—— —— -
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to (III-5e), (III-5g) to (III-51), (III-5ak) to (III-5ap),
(ITI-5ar) to (III-5aw) and (III-5ay) to (III-3bf).
(III-bix): Compounds in which R? is an alkyl group having 1 to
5 carbon atoms or an alkenyl group having 2 to 5 carbon atoms,
R® is an alkyl or alkoxy group having 1 to 5 carbon atoms, or
alkenyl or alkenyloxy group having 2 to 5 carbon atoms, and
m*+m®=0, in the general formula (III-4), and specifically
compounds having the structures of the general formulas (III-
4a) and (III-4b) in which the side chain group R? represents
(ITI-5a) to (IITI-5e) and (III-5ak) to (III-5ap) and the side
chain group R® represents (III-5a) to (III-5e), (III-5g) to
(III-51), (III-5ak) to (III-5ap), (III-5ar) to (III-5aw) and
(ITI-5ay) to (III-5bf).

Preferred is a nematic liquid crystal composition
containing one, or two or more kinds of compounds selected
from compounds shown in these sub-groups (III-bi) to (III-
bix), the content of the compounds as the liquid crystal
component C being within a range from 10 to 100% by weight.

Preferred mode in compounds represented by the general
formulas (III-1l) to (III-4) is a liquid crystal component C
containing the following compounds.

The Iriquid crystal composition containing compounds of
the general formulas (III-1) to (III-4) as the liquid crystal
component C has a feature that it can reduce the viscosity and
Viscoelésticity, thus leading to comparatively high holding
ratio of the resistivity and voltage. The viscosity of the

liquid crystal component C is preferably small as Ebssible.
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In the present invention, the viscosity is preferably 45 cp or
less, more preferably 30 cp or less, still more preferably 20
cp or less, and particularly preferably 15 cp or less. From
such a point of view, preferred compounds are compounds (III-
ci) having the structures represented by the general formulas
(III-1a) to (III-1f), (III-1k), (III-2a) to (III-2f), (III-
3a), (III-3h) to (III-3j), (III-30), (III-3p), (III-3q), (III-
3ac), (III-3at) to (III-3ax), (III-3ba), (III-3bb), (III-3bf),
(III-3bg), (III-3bx) to (III-3cb) and (III-3ct) to (III-3cx),
preferably compounds (III-ci) in which R? is a straight-chain
alkyl group having 2 to 5 carbon atoms or an alkenyl group of
CpHops1~CH=CH- (CHz) q (p=0, 1, 2, or 3 and g=0 or 2) and R? is a
straight-chain alkyl group having 1 to 5 carbon atoms or an
alkenyl group of CpHzp+1-CH=CH- (CHz)q(p=0, 1, 2, or 3 and g=0 or
2) among the cempounds (III-ci), and more preferably compounds
(III-ciii) having the structure represented by the general
formulas (III-la), (III-1d), (III-2a), (III-2f), (III-3a),
(II1-3h), (III-3p) and (III-3q) in which both side chain
groups are alkenyl groups.

Although the liquid crystal component C of the present
invention can be composed of each of the compounds represented
by the gemeral formulas (III-1l), (III-2), (III-3) and (III-4)
alone, the birefringent index of the liquid crystal
composition can be easily optimized according to applications
by usiné (III-civ): “compounds represented by the general

formulas (III-1) and/or (III-2), and particularly compounds of

the general formulas (III-la), (III-1d), (III-2a) to (III-2c)
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and (III-c)” in combination with (III-cv): “compounds
represented by the general formulas (III-3) and/or (III-4),
particularly compounds in which M' is a single bond, -C=C-,
or -CH=N-N=CH- in the general formula (III-3), and
specifically compounds of the general formulas (III-3a), (III-
3h), (I1I-3p), (III-3q), (III-3at), (III-4a) and (III-4h)”
(ITII-cv). Generally, the birefringent index can be reduced by
Using the compounds of the general formulas (III-1l) and (III-
2), for example, compounds of the general formulas (III-la) to
(III-2f) in a large amount, thereby making it possible to
easily attain an reduction in color irregularity of the liquid
crystal display device, an improvement in viewing angle
characteristics and an increase in contrast ratio. The
birefringent index can be enhanced by Using the compounds of
the general formulas (III-3), for example, compounds of the
general formulas (ITII-3a) to (III-3j), or compounds of the
general formulas (III-4), for example, compounds of the
general formulas (III-4a) to (III-4e) in a large amount,
thereby making it possible to produce a thin liquid crystal
display element having a liquid crystal layer having a
thickness within a range from 1 to 5 um.

Preferred is a nematic liquid crystal composition
containing one, or two or more kinds of compounds selected
from compounds shown in these sub-groups (III-ci) to (III-cv),
the confent of the compounds as the liquid crystal component M
being within a range from 10 to 100% by weight.

T — —
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invention can contain at least one compound selected from one,
two, or three. or more sub-groups among these sub-groups (III-
ai) to (III-cv), the effect can be obtained by composing of
only one compound from one sub-group. Compounds capable of
having two or more structural features of compounds shown in
the sub-groups (III-ai) to (III-cv) are more preferred. The
liquid crystal component C can be composed of compounds shown
in the above sub-groups (III-ai) to (III-cv) according to the
desired purposes.

The present invention includes a liquid crystal
composition centaining a combination of the liquid crystal
component A and liquid crystal component C. The present
inventors have found that the liquid crystal composition of
the present invention has a noticeable effect in response
characteristi¢s compared to a liquid crystal composition
comprising conventionally known liquid crystal component A and
liquid crystal component C. In a liquid crystal composition
using in combination with the liquid crystal component C,
particularly liquid crystal component C containing sub-groups
(III-bi) to (III-cv), and more particularly liquid crystal
component C c¢ntaining sub-groups (III-ci) to (III-cv), a fast
improvement in response characteristics was obtained compared
to the liéuid crystal composition comprising the liquid
crystal component B and liquid crystal component C. It is
considered that this is caused by a compound characterized by
a molecular structure having, as a partial structure, non-

substituted or substituted nggithalene—Z,G—diyl,
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decahydronaphthalene-2, 6-diyl and 1,2,3,4-
tetrahydronaphthalene-2, 6-diyl rings, and particularly a
plate-like structure thereof.

The liquid crystal component C containing these compounds
(III-ai) to (III-cv) has a feature that it can be well mixed
with the liquid crystal component A as an essential component,
and 1s particularly useful for preparation according to the
purpose of the driving voltage, improvement in temperature
dependency and improvement in response characteristics. These
compounds are superior in at least one of individual effects
and this effect can be obtained even in the case of small
content within a range from 0.1 to 30% by weight based on the

total amount of the nematic liquid crystal composition of the

present invention.

The liquid crystal composition of the present invention,
which is obtaihed by using a liquid crystal component C
containing, as a principal component, compounds of the general
formulas (III-1) to (III-4) related to the liquid crystal
composition of the present invention, or a liquid crystal
component C containing compounds of the above-described sub-
groups (III-ai) to (III-cv), or a liquid crystal component C
capable of having two or more structural features of the same
groups (III-ai) to (III-cv) in combination with a liquid
crystal component A broadens the operating temperature range
of liquid crystal display characteristics due to an

improvement in co-solubility and storage at low temperature,

T —— ———

thereby making it possible to_improve a reduction in driving
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voltage and a change in temperature and to attain
comparatively fast response characteristics for a
predetermined driving voltage, thus obtaining more improved
electro-optical characteristics of TN-LCDs, STN-LCDs, TFT-
LCDs, PDLCs, PN-LCDs or the like using the liquid crystal
composition as a constituent material.

The compounds related to the present invention are
capable of consciously substituting constituent atoms with
isotope atoms thereof. In this case, compounds in which
hydrogen atoms are substituted with deuterium atoms are
particularly preferred and exhibit preferable effect due to
co-solubility, elastic constant, pre-tilt angle and voltage
holding ratio. Preferred mode includes compounds in which
hydrogen atoms, which are present in the above linking groups
or rings, are substituted with deuterium atoms. More
preferably, the side chain group is a substituted or non-
substituted alkyl or alkenyl group; the ring is substituted or
non-substituted 1, 4-phenylene, pyrimidine-2,5-diyl, trans-1,4-
cyclohexene, trans-1,4-cyclohexenylene, or trans-1,4-dioxane-
2,5-diyl; and the linking group
is -CH30-, -OCHz-, =-(CHz),-, =-(CHz)4-, -CH=CH-(CHy);-, =-(CHj),-
CH=CH-, -CH=N-, or -CH=N-N=CH-. Particularly preferred are
alkyl group, alkenyl group, 1,4-phenylene, trans-1,4-
cyclohexene, -(CH;),;- and -(CHjy)4-.

Thé alignment film used in TN-LCDs, STN-LCDs or TFT-LCDs

is exclusively a polyimide film and examples thereof include

Tr—— ——— —_—

1LX1400, SE150, SE610, AL1051, AL3408 and the like. Liquid



10

15

20

25

16 MAR 2003
201

crystal display characteristics, display quality, reliability
and productivity have a close relation with the specification
of the alignment film and, for example, pre-tilt angle
characteristics are important to the liquid crystal material.
The pre-tilt angle must be appropriately adjusted to obtain
desired liquid crystal display characteristics and uniform
alignment properties. In the case of a large pre-tilt angle,
unstable oriented state is liable to occur. In the case of a
small pre-tilt angle, it becomes impossible to satisfy
sufficient display characteristics.

The present inventors have found that liquid crystal
materials are classified into a liquid crystal material having
a larger pre-tilt angle and a liquid crystal material having a
smaller pre-tilt angle, and also found that the desired liquid
crystal display characteristics and uniform alignment
properties are attained by applying this classifying
technique. This technique can also be applied to the present
invention. If the liquid crystal component B contains
compounds of the general formulas (II-1) to (II-4), the pre-
tilt angle is controlled in the following manner. Larger pre-
tilt angle can be obtained by increasing the content of
compounds—in which R! is an alkenyl group, Q' is F, Cl, or -CN,
and Y! and-Yz-represent F in the general formula (II-1l) and/or
compounds in which R!' is an alkenyl group, Q' is F, Cl, or -CN,
and M? is -CyH4— or -C4Hg- in the general formula (II-1), while
smaller pre-tilt angle can be obtained by increasing the

content of compounds in which R! is an alkenyl grdﬁb or CsHas+1m
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0-C¢Hye, O is F, Y' is F, and Y® is H in the general formula
(II-1) and/or compounds in which M? is -COO-. Specifically, in
the case of compounds in which naphthalene-2, 6-diyl ring,
decahydronaphthalene-2, 6-diyl ring and 1,2, 3,4~
tetrahydronaphthalene-2, 6-diyl ring in the general formulas
(I-1) to (I-5) or rings A' to A! in the general formulas (I-1)
to (I-5) are cyclohexane rings, or rings B' to B’ in the
general formulas (II-1), (II-2) and (II-4) are cyclohexane
rings, or rings C! to C* in the general formulas (III-1) to
(III-4) are cyclohexane ring, naphthalene-2,6-diyl ring,
decahydronaphthalene-2, 6-diyl ring and 1,2,3,4-
tetrahydronaphthalene-2, 6-diyl ring, and hydrogen atoms of the
rings are substituted with deuterium atoms, it makes possible
to adjust the pre-tilt angle within a wide range, though it
varies depending on the substitution position.

Use of a large amount of compounds in which hydrogen
atoms are substituted with deuterium atoms exerts a noticeable
effect of maintaining higher voltage holding ratio, and is
suited for display characteristics and production yield of
active TFT-LCRs, PDLCs, PN-LCDs or the like. It is considered
that such an effect is obtained by providing the liquid
crystal compound with properties of heavy water, for example,
difference in equilibrium constant and velocity constant of
the reaction, .low ionic mobility, low solubility of inorganic
matter and oxygen and the like. Higher voltage holding ratio

can be nearly obtained by incorporating the above-described

T— ———
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weight based on the total amount of the liquid crystal
composition.

Generally, the content of each liquid crystal component
in the nematic liquid crystal composition of the present
invention is as follows. The content of the liquid crystal
component A is within a range from 0.1 to 100% by weight,
preferably from 0.5 to 90% by weight, and more preferably from
5 to 85% by weight. The content of the liquid crystal
component B is within a range from 0 to 99.9% by weight,
preferably from 3 to 80% by weight, and more preferably from
5 to 60% by weight. The content of the liquid crystal
component C is 85% by weight or less, preferably within a
range from 3 to 70% by weight, more preferably from 5 to 70%
by weight.

When Using the compounds represented by the general
formula (I-1), the content is preferably 15% by weight or less
in terms of single substance. If the content is 15% or more,
the compounds are preferably composed of two or more kinds of
compounds and the content of compounds represented by the
general formulas (I-1lla) to (I-13ab) is preferably within a
range from 5 to 100% by weight based on the liquid crystal
component-A. Furthermore, when Using the compounds
representéd by the general formulas (I-11) and (I-12), the
content is preferably selected within a rage of 5 to 30% by
weight,'range'of 30 to 50% by weight, range of 50 to 70% by
weight, and range of 70 to 100% by weight, based on the liquid

crystal component A.
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When Using the compounds represented by the general
formula (I-2), the content is preferably 15% by weight or less
in terms of single substance. If the content is 15% or more,
the compounds are preferably composed of two or more kinds of
compounds and the content of compounds represented by the
general formulas (I-21la) to (I-23jp) is preferably within a
range from 5 to 100% by weight based on the liquid crystal
component A. Furthermore, when Using the compounds
represented by the general formulas (I-21), the content is
preferably selected within a rage of 5 to 20% by weight, range
of 20 to 60% by weight, and range of 60 to 100% by weight,
based on the liquid crystal component A.

When Using the compounds represented by the general
formula (I-3), the content is preferably 15% by weight or less
in terms of single substance. If the content is 15% or more,
the compounds are preferably composed of two or more kinds of
compounds and the content of compounds represented by the
general formulas (I-3la) to (I-33dz) is preferably within a
range from 5 to 100% by weight based on the liquid crystal
component A. :Furthermore, when Using the compounds
represented by the general formulas (I-31) and (I-32), the
content is preferably selected within a rage of 5 to 10% by
weight, rénge.of 10 to 30% by weight, range of 30 to 50% by
weight, and range of 50 to 100% by weight, based on the liquid
crystal_component A.

When Using the compounds represented by the general

formula (I-4), the content ig_greferably 15% by wéight or less
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in terms of single substance. If the content is 15% or more,
the compounds are preferably composed of two or more kinds of
compounds and the content of compounds represented by the
general formulas (I-4la) to (I-46g) is preferably within a
range from 5 to 100% by weight based on the liquid crystal
component A. Furthermore, when Using the compounds
represented by the general formula (I-41), the content is
preferably selected within a rage of 5 to 30% by weight, range
of 30 to 50% by weight, range of 50 to 70% by weight, and
range of 70 to 100% by weight, based on the liquid crystal
component A. Furthermore, when Using the compounds
represented by the general formulas (I-42) and (I-43), the
content is preferably selected within a rage of 5 to 10% by
weight, range of 10 to 25% by weight, range of 25 to 50% by
weight, and range of 50 to 100% by weight, based on the liquid
crystal component A.

When Using the compounds represented by the general
formula (I-5), the content is preferably 15% by weight or less
in terms of single substance. If the content is 15% or more,
the compounds ‘are preferably composed of two or more kinds of
compounds and the content of compounds represented by the
general formulas (I-5la) to (I-53ab) is preferably within a
range from 5 to 100% by weight based on the liquid crystal
component A. Furthermore, when Using the compounds
represented by the general formulas (I-51) and (I-52), the

content is preferably selected within a rage of 5 to 30% by

weight, range of 30 to 50% by weight, range of 50 to 70% by
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weight, and range of 70 to 100% by weight, based on the liquid
crystal component A.

The content of compounds represented by the general
formulas (II-1) to (II-4), and specifically compounds
represented by the general formulas (II-la) to (II-4n) is
preferably 30% by weight or less, and more preferably 25% by
weight or less, in terms of single substance. If the content
is 30% or more, the compounds are preferably composed of two
or more kinds of compounds and the content is within a rage
from 10 to 100% by weight, preferably from 50 to 100% by
weight, and more preferably from 75 to 100% by weight, based
on the liquid crystal component B. The content of compounds
represented by the general formulas (III-1) to (III-4), and
specifically compounds represented by the general formulas
(III-la) to (III-4ac) is preferably 30% by weight or less, and
more preferably 25% by weight or less, in terms of single
substance. If the content is 30% or more, the compounds are
preferably composed of two or more kinds of compounds and the
content is within a rage from 10 to 100% by weight, preferably
from 50 to 10Q0% by weight, and more preferably from 75 to 100%
by weight, based on the liquid crystal component C.

High=reliability STN-LCD as well as active STN-LCD, TFT-
LCD, PDLC and PN-LCD are preferably composed of compounds free
from nitrogen 'and oxygen atoms. From such a point of view, it
is preferred fo contain, as the liquid crystal component A, 50
to 100%. by weight of compounds in which o! is F, Cl, CF3, OCF;,

or OCF,H, X' and x° represent H, F, Cl, CF;, or OCFEI and K! to
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K® represent a single
bond, -CH=CH-, =-C=C-, -(CHj)2-, -(CHz)4-, -CH=CH-(CH;):>~,
or -(CH;),-CH=CH- in the general formulas (I-1) to (I-5). When
using in combination with the liquid crystal component B, it
is preferred to contain, as the liquid crystal component B, 50
to 100% by weight of compounds- in which Q! is F, Cl, CF;, OCFs,
or OCF,H, Y' and Y? represent H, F, Cl, CF3;, or OCFs;, and P' to
P’ represent & single
bond, -CH=CH-, -C=C-, -(CH;).-, -(CHz)4-, —-CH=CH-(CHz)>-,
or -(CH;),-CH=CH- in the general formulas (II-1) to (II-4). It
is particularly preferred to contain 50 to 100% by weight of
compounds selected from the above-described sub-groups (II-ci)
to (II-civ).

When Using the compounds of the general formulas (I-2) to
(I-4), another preferred mode of the liquid crystal component
A includes the following compounds.

(i) : Compounds in which Q' is F, Cl, CFs, OCF3, or OCF.H, X! is
H, Cl1l, CF3, OCF3, or OCF;H, and X* is H, Cl, CFi;, OCF3, or OCFH,
when Using the compounds of the general formulas (I-2) to (I-
4).

(ii): Compouﬁds in which Q! is F, Cl, CF3, OCF3, or OCF;H, X' is
F, and X?7is Cl, CF;, OCF;, or OCF,H, when Using the compounds
of the generél formulas (I-2) to (I-4).

(1ii): cOmpodnds in which Q! is F, Cl, CF3, OCF3, or OCF.H, X!
is F, X* is H or F, and one of W' to W’ is F, Cl, CFs;, OCF;, or

OCF,H, when Using the compounds of the general formulas (I-2)

———— —
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(iv): Compounds in which Q! is F, Cl, CFj;, OCF3, or OCF.H, X' is
F, X* is H or F, and the decahydronaphthalene-2,6-diyl ring is
represented by the formulas (I-74b) to (I-74av), (I-74ce) to
(I-74cj) and (I-74cqg) to (I-74dm), and more preferably (I-
74cg), (I-74cq), (I-74cr) and (I-74ct), when Using the
compounds of the general formula (I-4).
(v): When Using the compounds in which Q' is F, Cl, CFs;, OCFj3,
or OCF,H, X' is F, and X? is H or F in the general formulas (I-
2) to (I-4), they are used in combination with compounds (i)
to (iv) and/or compounds of the general formulas (I-1) and (I-
5).

When Using the compounds of the general formulas (II-1)
to (II-4), another preferred mode of the liquid crystal
component B includes the following compounds.

(vi) : Compounds in which Q' is F, Cl, CF3;, OCF3, or OCF,H, Y' is
H, Cl, CFs;, OCF3;, or OCF;H, and Y? is H, Cl, CF3;, OCF;, or
OCF;H, when Using the compounds of the general formulas (II-1)
to (II-4).

(vii): Compounds in which Q' is F, Cl, CFs;, OCFs;, OCF.H, Y! is
F, and Y® is Cl, CF3, OCF3;, or OCF;H, when Using the compounds
of the general formulas (II-1) to (II-4).

(viii): Compounds in which Q' is F, Cl, CFs, OCF3;, or OCFH, Y'
is F, Y° is H, and at least one of W' to W! is H, F, Cl, CFs,
OCF3, or OCF;H, when Using the compounds of the general
formulaé (II-1) to (II-4).

(ix): Compounds in which Q' is F, Cl, CFj;, OCF3;, or OCFH, Y'

—— ———

and Y? represent F, and at least one of W' to W' is Cl, CF3,
rep
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OCF3, or OCF,H, when Using the compounds of the general
formulas (II-1) to (II-4).
(x): When Using the compounds in which Q' is F, Cl, CF3, OCF3,
or OCF;H, and Y} and Y? represent F in compounds of the general
formulas (II-1) to (II-4), they are used in combination with
compounds (i) to (ix) and/or compounds of the general formulas
(I-1) and (I-5).

Furthermore, another preferred mode of the liquid crystal
component A or liquid crystal component B will be described
below.

(xi): Combination with compounds in which Q! is F, Cl, CFs,
OCF3, or OCF;H, X' is F, Cl, CFs;, OCF;, or OCFzH, and X% is H,

F, Cl, CF;, OCF3, or OCF,H in the general formulas (I-2) to (I-
4) when Using the compounds in which Q! is F, Cl, CF;, OCF;, or
OCF,H, and X! and X® represent H in the general formulas (I-2)
to (I-4).

(xii): Combination with compounds in which Q' is F, Cl, CFs,
OCF3;, or OCF,H, Y!' is H, F, Cl, CF3;, OCFs, or OCF,H, and Y? is
H, F, Cl, CF3;, OCF3;, or OCF,H in the general formulas (II-1) to
(II-4) when Using the compounds in which Q' is F, Cl, CFs,
OCF3, or OCF;H, and X' and %° represent H in the general
formulas tI-2) to (I-4).

(xiii): Cdmbination with compounds in which Q! is F, Cl, CFj,
OCF3, or OCF:H,:X' is F, and X? is F, Cl, CF3, OCF3, or OCF.H in
the genéral formulas (I-2) to (I-4) when Using the compounds

in which Q! is F, Cl, CF;, OCF;, or OCF;H, X! is F, and X* is H,

Cl, CF,, OCFs, or OCF,H in the general formulas (I-2) to (I-4).

—
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In this case, it is preferable to contain two to twenty kinds
of compounds of the general formulas (I-2) to (I-4).
(xiv): Combination with compounds in which o! is F, Cl, CFs,
OCF;, or OCFH, X' is F, and X® is H, Cl, CF3, OCF;, or OCF:H in
the general formulas (II-1l) to (II-4) when Using the compounds
in which Q' is F, Cl, CF3, OCF3, or OCF;H, X' is F, and X is H,
Cl, CF3, OCF;, or OCF;H in the general formulas (I-2) to (I-4).
(xv): Combination with compounds in which o' is F, Cl, CFs,
OCF3, or OCF3H, Yl is F, and Y? is F, Cl, CF3;, OCF;, or OCF;H in
the general formulas (II-1) to (II-4) when Using the compounds
in which Q' is F, Cl, CFs, OCF3;, or OCF,H, X' is F, and X* is H,
Cl, CF3;, OCF3, or OCF;H in the general formulas (I-2) to (I-4).
(xvi): Combination with compounds in which Q! is F, Cl, CFj,
OCFs, or OCF;H, Y' is H, Cl, CF3, OCF;, or OCFH, and Y? is H,
F, Cl, CF3;, OCF;, or OCF;H in the general formulas (II-1) to
(II-4) when Using the compounds in which Q' is F, Cl1l, CF;,
OCF3;, or OCF3H, X! is F, and X? is H, Cl, CF3, OCF3;, or OCF;H in
the general formulas (I-2) to (I-4). In this case, it is
preferable to contain two to twenty kinds of compounds of the
general formulas (I-2) to (I-4).
(xvii): Combination with compounds in which Q! is F, Cl, CFs,
OCF3;, or OCF,H, Y' is F, and Y? is F, Cl, CF3, OCF3, or OCF.H in
the generél formulas (II-1) to (II-4) when Using the compounds
in which Q' is F, Cl, CFs;, OCF3, or OCF.H, X' is F, and X® is F,
Cl, CF3; OCF3, or OCF;H in the general formulas (I-2) to (I-4).
In this.case; it is preferable to contain two to twenty kinds

TT—— —a—— —

of compoqnds of the general formulas (I-2) to (I-4).
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The liquid crystal component A and/or liquid crystal
component B of the present invention make it possible to
obtain a nematic liquid crystal composition characterized by
satisfying one, two, or three or more conditions among (i) to
(xvii) according to the desired purposes. Such a liquid
crystal composition containing such a liquid crystal
composition of the present invention broadens the operating
temperature range of liquid crystal display characteristics
due to an improvement in co-solubility and storage at low
temperature, thereby making it possible to improve a reduction
in driving voltage and a change in temperature and to attain
comparatively fast response characteristics for a
predetermined driving voltage, thus obtaining more improved
electro-optical characteristics of high-reliability TN-LCD as
well as active STN-LCD, TFT-LCD, PDLC and PN-LCD using the
liquid crystal composition as a constituent material.

In the case of high-reliability TN-LCD, the sum total of
the liquid crystal component A (compounds in which Q! is F,
Cl, CF3, OCF3, or OCF;H) and the liquid crystal component B
(compounds in which ot is F, C1, CF3, OCF3;, or OCF;H) is
preferably within a range from 10 to 100% by weight, more
preferably from 30 to 100% by weight, and still more
preferably from 60 to 100% by weight. 1In this case, a
relative mixing ratio of the liquid crystal component A to the
liquid érystal component B can be selected from a range of

100:0 to 0.1:99.9, and preferably from a range of 100:0 to

———— ————

5:95, and more preferably seleéted from a range of7100:0 to
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10:90. In the case of active STN-LCD, TFT-LCD, PDLC and PN-
LCD, the sum total of the liquid crystal component A
(compounds in which Q! is F, Cl, CFs;, OCF;, or OCF,H) and the
liquid crystal component B (compounds in which Q' is F, CI,
CF;, OCF;, or OCF;H) is preferably within a range from 20 to
100% by weight, more preferably from 40 to 100% by weight, and
still more preferably from 60 to 100% by weight. In this
case, a relative mixing ratio of the liquid crystal component
A to the liquid crystal component B can be selected from a
range of 100:0 to 5:95, and is more preferably selected from a
range of 100:0 to 90:10, range of 90:10 to 70:30, range of
70:30 to 40:60, range of 40:60 to 20:80 and range of 20:80 to
5:95, according to the purposes.

Active STN-LCD is developed to obtain higher contrast at
a wide viewing angle and to improve the response time of last
transition, and enables STN-LCD to perform active driving
using the technique of TFT and MIM.

The liquid crystal composition of the present invention
may contain conventional nematic liquid crystals, smectic
liquid crystals and chloresteric crystals recognized as liquid
crystal compounds, in addition to compounds represented by the
general formulas (I-1) to (III-4), in order to improve
characteristics of the liquid crystal composition. For
example, the liquid crystal composition contain one, or two
more kinds of ¢ore-structure compounds having four six-

membered rings, the liquid crystal phase-isotropic liquid

———

phase transition temperature of said compounds befﬁg 100°C or

—
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higher. However, since characteristics of the nematic liquid
crystal composjition are deteriorated by using a large amount
of these compounds, the amount is limited according to
required characteristics of the resulting nematic liquid
crystal composition.

Preferred compounds are compounds in which p1 in the
general formulas (II-1) and (II-2) is 2, compounds in which
p?+p’ in the geﬁeral formula (III-4) is 2, compounds in which
m' in the general formulas (III-1) and (III-3) is 2, and
compounds in which m?+m® in the general formula (III-4) is 2.
In this case, rings B! and B®, rings C! and C°, and linking
groups P!, P?, and M!' may be independently the same or
different.

Crystal phase or smectic phase-nematic phase transition
temperature should be 0°C or lower, preferably -10°C or lower,
more preferably -20°C or lower and most preferably -30°C or
lower. The nematic phase-isotropic liquid phase transition
temperature should be 50°C or higher, preferably 60°C or
higher, more preferably 70°C or higher and most preferably
within a range from 80°C to 180°C. The dielectric constant
anisotropy of the liquid crystal composition according to the
present invention may have a value not less than 1, but is
preferably within a range from 2 to 40, while it is preferably
within a range;from 2 to 8 when high speed response is

required and preferably within a range from 7 to 30 when a

lower driving voltage is required. Lower or medium

T—— ——— -

birefringent index is preferably within a range from 0.02 to
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0.18, and higher birefringent index is preferably within a
range from 0.18 to 0.40. Such characteristics of the nematic
liquid crystal composition are useful for active matrix,
twisted nematic or super twisted nematic liquid crystal
display device.

Distance d between the substrates in TN-LCD, STN-LCD and
TFT-LCD is preferably from 1 to 12 pm, more preferably from 1
to 10 pm and most preferably from 1.5 to 7 pm. Product of the
distance d and the birefringent index An is preferably from
0.2 to 5 pm, more preferably from 0.3 to 1.6 pm, and most
preferably about 0.5 pm, from 0.7 to 1.0 pm or about 1.2 um.

In the case of PDLC or PN-LCD, the product described
above is preferably from 1 to 100 ym, more preferably from 3
to 50 pm, and most preferably from 4 to 14 um.

When faster response characteristic for the magnitude of
the driving voltage is desired, the liquid crystal composition
of the present invention may be constituted as follows. For a
medium driving voltage, the dielectric constant anisotropy of
the liquid crystal composition according to the present
invention is from 3 to 15, and viscosity at 20°C is preferably
within a range from 8 to 20 cp. In this case, viscosity of
only the liquid crystal component C is preferably 25 cp or
lower, more preferably 15 cp or lower, and most preferably 10
cp or lower. For a particularly low driving voltage, the
dielectric constant anisotropy of the liquid crystal
composition according to the present invention is preferably’

within a range from 15 to 30, and more preferably within a
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range from 18 to 28.

The nematic liquid crystal composition described above is
useful for the use in TN-LCD, STN-LCD and TFT-LCD that have
high-speed response characteristic, useful for a liquid
crystal display element that is capable of providing color
display by means of the birefringent property of a liquid
crystal and a retardation plate without using color filters,
and can be used in a liquid crystal display element of
transmissive type or reflective type. This liquid crystal
display element has substrates that have transparent electrode
layer, with at least one thereof being transparent, wherein
molecules of the nematic liquid crystal composition are
disposed in a twisted orientation between the substrates. The
twist angle may be selected within a range from 30 to 360° in

accordance to the purpose, preferably selected within a range

from 90 to 270° , and most preferably selected within a range

from 45 to 135° or from 180 to 260° . For this purpose, the
liquid crystal composition of the present invention may
include a compound that has an optically active group which
causes the induced helical pitch p to fall within a range from
0.5 to 1000 pm. Such compounds include cholesteric

derivative, chiral nematic and ferroelectric liquid crystals.
More specifically, compounds in which R! in general formulas
(I-1) to (I—5$, R! in general formulas (II-1) to (II-4), and R?
and R} in general formulas (III-1) to (III-4) have optically.

active gTroups are preferably-tsed. -

—
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More preferred mode of the general formulas (I-6), (III-
51) and (III-52) as the side chain group includes, for
example, compounds represented by the general formulas (IV-

la) to (IV-lbt) described below.

(1-6) R- (I-51) R*- (1I-52) R:-

%
(IV-1a) =CHCHj3
CHjy

*
(IV-1b) —CHC3Hj
CHj3

%
(IV-1¢) —CHC3H7
CHs

%
(IV-1d) —=CHC4Hq
CH;

%
(IV-1e) =CHCsHy;
CHj3

%
(IV-1f) —CHCgH3
CHps

%
(IV-1s) “OCHCHjs
CH3

%
(IV-1t) “OCHC3Hs
CHj
sk
(IV=1u) "OCHC3H7
-CHs
C ok
(IV=1v) “OCHC4Hg
Ctly
X .
(IV‘lW)"OCHCsHu
CHs

b 3
(IvV-1x) __O_QHCGHB
CHs

—

% *
(IvV-1g) —CH2CHCHj3 (IV-1m) _C2H4ICHCH3

CHs CH;
* K
(IV-1h) "CHzCHC2Hs (IV-1n) —C2H4CHC2H;5
CHs CHs
% %k
(Iv-1i) —CH2CHC3H7 (IV-10) —C3H4CHC3H7
CHjs CHs
k k
(Iv-1j) "CH2CHC4Hy  (IV-1p) —CzH4CHC4Hg
CHs CHs

% %k
(IV-1k) "CH2CHCsHy;  (IV-1q) —C2H4CHCsHy;
CH3 CH3s

X %k
(Iv-1]) —CHz2CHCe¢H13  (IV-1r) —C2H4CHCgH;3
CH3 CHs

% %k
(IV-1y) —OCH,CHCH; (IV-lae) -OC2H4‘i[HCH3
CHj; CHj

* *
(IV-1z) —OCH,CHC,Hs (IV-laf) ~OC2H4CHCHs
Clllg CH3
* %
(IV-1aa) —OCH,CHC3H; (IV-lag) —OC;H4CHC3Hy
CH3; C*S
*
(IV-1ab)—OCH,CHC4Hy  (IV-1ah) ~OC;H4sCHC4Hs
CIII:; CH3
* : *
(IV-1ac) —OCHsCHCsHy;  (IV-1ai) ~OC2H4CHCsHn
CH3 CHs

* . *
(IV-1ad)—OCH,CHCgHy3  (IV-1aj) =OC2H4CHCgH13
T}hs “CHs



(IV-1ak) 4
—COOCHCH:;

CH3
(IV—lal) %
—COOCHCyHs

C
(IV-1am) 5
—COOCHC3H;7

C
(IV-1an) *3
—COOCHC4Hg

CHs
(IV-lao)

—COOCHCsH,

CHj3
(IV—lap) %

—~COOCHCgH3
CHjs

(IV-1bc)
—OCOOCHCH;

CH3
(IV-1bd) *
~OCOOCHC,Hs

C
(IV-1be) 3
—OCOOCHC3Hy

C
av-10f 5

~OCOOCHCHy

CH3
(IV-1bg) s

—OCOOCHCsHy,

CHjs
(IV-1bh) %
—0OCOOCHCgH;3

CHj
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(IV-1laq)
—COOCH,CHCHj

Cily
(IV-1ar) *
—(COOCH2CHC,H5

CH3
(IV-1as)

—COOCHCHC3Hy
CHs
(IV-1at)
—COOCHCHC4Hg

o
(IV-lau) %
~COOCH2CHCsH

cihy
(IV-lav) %
—COOCH;CHCgH;3

cihy

(IV-1bi) %
—0OCOOCHCHCHj3

CHj

(IV-1bj) *
—0OCOOCHyCHC3Hs

Cily

(IV-1bk) *
—OCOOCHCHC3H7

Clll:;

(IV-1bl) *
—0OCOOCHCHC4Hg

CHjs

(IV-1bm) *
—OCOOCH3CHCsHy;

CHs

(IV-1bn) *
—OCOOCHCHCgH;3

CHs

18 MAR 2003

(IV-law) %
—COOC2H4iHCH3
CH3

(IV-1lax) %
—COOC,;H4CHCoH5

CHs

(IV-lay) %
—COOCyH4CHC3Hy

CHjs

(IV-laz) %
—CO0OCyH4CHC4Hg

CHj

(IV~1ba) %
—COOC,H4CHCsHy;

CHjs

(IV-1bb) *
—COOC,H4CHCgHi3

CHj3

(IV-1bo) *
—OCOOC2H4S[IHCH3
CHjs

(IV-1bp) *
—0OCOO0CoH4CHC2Hs5
CHjs
(IV-1bq) %
—0OCOO0OCH4CHC3H;7
CHj
(IV-1br) *
—0OCO0OCH4CHC4Hg

CH3
(IV-1bs) %k
—0OCOO0CH4CHCsH)y

CH3
(IV-1bt) *
—0OCOO0OCH4CHCgH;3

CH3
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Compounds in which K' to K® in general formulas (I-1) to
(I-5), P! to P?.in general formulas (II-1) to (II-4), and M' to
M} in general formulas (III-1) to (III-4) have optically
active groups are preferred. More preferred mode as the
linking group includes, for example, compounds represented by

the general formulas (IV-2a) to (IV-2j) described below.

% %
(IV-2a) —CHCOO~- (IV-2g) —COOliH—
CH3

CHj

* X
(IV-2b) -iHoco— (IV-2h) —oco:l:{H—

CHj; CHj3

* *
(IvV-24) —';"[IHo— (IV-2h) —OCH—-

CH3 Cgls

% *
(IV-2e) —cl‘LHo— (IV-2i) —O&H—

CH3 CHi;

* %
(IV-21) HCHs— (IvV-2j) _CHziH—
CHjs CHj3

Typically, cholesteryl nonanate, C-15, CB-15 and S$-811
are preferably used. More specifically, compounds represented

by the general formulas (IV-3a) to (IV-3ab) are used.



(IV-3a)

(IV-3b)

(IV-3c)

(IV-3d)

(IV-3e)

(IV-3f)

(IV-3g)

(IV-3h)

(IV-3i)

(IV-3j)

(IV-3k)

(Iv-31)

(IV-3m)

(IV-3n)

219

C2H5$HCHN

CHs

CoHs *HCHZN

C

3
CeHis *HO-@—COO—Q—CsHu
Hj
Csng"gQ—Coo—@_COO(?‘(HCGHB
CHs

CBleO—COTQ_O¢HC5H13

CHs

C5Hloo—©—COO‘kaHC6H13

CHj

C5H100¢HC6H13

CHj
%

Cothig={_y-o=e~{_)-0CHCH1g

CHj3

choo?‘Hcﬁng
CHs
CgHrO—O—CEC—Q—O(;:kHCGHm

CHs

C3HOO¢HC6H13
*CH3

CHjs

CgHr—O—O—Q‘COO?(HCBHm
- CH

- * 3
CgHrO-—O—Q—O(FHCBHm

CHj

18 MAR 2003



(IV-30)

(IV-3p)

(IV-3q)

(IV-3r)

(IV-3s)

(IvV-3t)

(IV-3u)

(IV-3v)

(IV-3w)

(IV-3x)

(IV-3y)

(IV-3z)

(IV-3aa)

(IV-3ab)
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C3HOO(T3<HC5H13

CHs

CsH:FkHCeHm

CHs

C3HOO(?‘HC5H13

CHj

e O~ )~Do *:SGHB
0O
n OO
CSHISCHTQ
O CroooirO
o O-Croeglie
OO0
o O-CrengirO
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Specific mode of use will now be described below. While
materials of which induced helical pitch increases and those
of which induced helical pitch decreases as the temperature
rises are known, one, or two or more kinds of materials of
either of these kinds may be used, or one, or two or more
kinds of materials of each of these kinds may be used in
combination. The amount is preferably within a range from
0.001 to 10% by weight, more preferably within a range from
0.05 to 3% by weight and most preferably within a range from
0.1 to 3% by weight. It needs not to say that the amount is
determined to obtain a predetermined induced helical pitch

with the twist angle 6 and the distance d between the

substrates. 1In the TN-LCD, STN-LCD and TFT-LCD, for example,
ratio d/p of the distance d between the substrates to the
induced helical pitch p can be set within a range from 0.001
to 24, while the ratio is preferably within a range from 0.01
to 12, more preferably within a range from 0.1 to 2, even more
preferably within a range from 0.1 to 1.5, further more
preferably witﬁin a range from 0.1 to 1, and most more
preferably within a range from 0.1 to 0.8.

Pre-tilt angle obtained from an oriented film that is

provided on the transparent electrode substrate is preferably

from 1° to 20° . When the twist angle is within a range from
30° to 100° , the pre-tile angle is preferably from 1° to 4°
When the twist angle is within a range from 100° to 180° , the

pre-tile angle is preferably from 2° to 6° . When the twist

—
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angle is within a range from 180° to 260° , the pre-tile angle
is preferably from 3° to 12° . When the twist angle is within
a range from 260° to 360° , the pre-tile angle is preferably

from 6 to 20°
For specific applications, the pre-tile angle within a

range from 1° to 6° is preferable for the TN-LCD, the pre-tile
angle within a range from 2° to 12° is preferable for the STN-

LCD, the pre-tile angle within a range from 2° to 12° is
preferable for the TFT-LCD, and the pre-tile angle within a
range from 0° to 3° is preferable for the TFT-LCD of IPS mode.

The present inventors have found out that favorable
display characteristics can be achieved also with a light
scattering type liquid crystal display wherein the liquid
crystal compogition has a light modulation layer held between
two transparent substrates, with at least one of which being
transparent, having transparent electrode layers, and the
light modulation layer includes a liquid crystal material and
a transparent solid substance. The present inventors showed,
on Japanese Unexamined Patent Application, First Publication
No. Hei 6-222320, that the physical properties of a liquid
crystal material and the display characteristics of the liquid
crystal can be related by the following equation (V).

d Kii \"?
Vthec ’ V)
>+'Kii/A N Del

S—
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where Vth is the threshold voltage, ¥ii and °Kii are elastic
constants with ii being 11, 22 or 33, Ae¢ is the dielectric
constant anisotropy, <r> is the mean void distance in the
interface of the transparent solid substance, A is the
anchoring energy of the transparent solid substance and d is
the distance between the substrates having the transparent
electrodes.

This equation means that the restricting force of the
interface of the transparent solid substance exerted on the
liquid crystal molecules varies according to the ratio of the
elastic constant 'Kii and the anchoring energy A, and
particularly shows that the effect thereof is to effectively
expand the distance by the amount of 'Kii/A over the actual
mean void distance <r>, namely to effectively decrease the
driving voltage. This relation can also be utilized in the
present invention. Specifically, when the transparent solid
substance i1s formed from a polymerizable compound that
includes difunc¢tional monomer and monofunctional monomer which
serve as polymer-forming compounds, the transparent solid
substance takes a more uniform structure thereby making it
possible to manipulate the property of the interface with the
liquid crystal material, in the process of forming the
transparent solid substance from the polymer-forming
compounds. In the liquid crystal composition according to the
present-invention, one or plural characteristics among

clouding characteristics, response characteristics,

T— [ —

hysteresis, sharpness and driving voltage, or the_temperature
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dependency of these characteristics can be improved by the
liquid crystal component A that consists of a compound
characterized by such a molecular structure having non-
substituted or substituted naphthalene-2, 6-diyl ring,
decahydronaphthalene-2, 6-diyl ring, 1, 2, 3, 4-
tetrahydronaphthalene-2, 6-diyl ring as a partial structure
thereof.

The liquid crystal material used in the present invention
is expected to be useful also for a display apparatus wherein
a transparent solid substance interposed between the two
substrates that have transparent electrode layers includes
liquid crystal droplets, which comprise a liquid crystal
material and is contained in microcapsules, being scattered
therein. The transparent solid substance interposed between
the two substrates may be fibers or particles scattered or a
film containing droplets of the liquid material dispersed
therein, but more preferably has a three-dimensional network
structure. While it is preferable that the liquid crystal
material forms a continuous layer, it is important to form
random state of the liquid crystal material in order to form
an optical interface and achieve scattering of light. When
the averade size of the three-dimensional network structure
formed frém the transparent solid substance is too greater or
smaller than the wavelength of light, scattering of light
tends té be waaker. Thus the average size is preferably from

0.2 to 2 pm. Thickness of the light modulation layer is

—— [

preferably from 2 to 30 um, and more preferably fEBm 5 to 20
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pm depending on the application.

The light scattering type liquid crystal display of the
present invention that is made as described above achieves
less temperature-dependent drive characteristics and thereby
satisfies the requirements for the active matrix display. The
liquid crystal display of the present invention can also be
used, for example, in a projection display apparatus and
personal digital assistance of direct view type.

The present invention has been described by way of liquid
crystal materials which are useful for light scattering type
liquid crystal display, but also provides compounds and
nematic liquid crystal compositions described below as another
liguid crystal materials. That is, they are compounds R! in
the general formulas (I-1) to (I-5), R' in the general
formulas (II-1) to (II-4), and R? and R® in the general

formulas (III-1l) to (III-4) are photocurable a-substituted

acryloyl groups, and liquid crystal compositions containing
the same. More preferred embodiment of the general formulas
(I-6), (III-51) and (III-52) as the photocurable side chain
group includes, for example, compounds represented by the

general formulas (IV-4a) to (IV-4av) described below.



5

(IV-4a)
CHp=CH,COO~

(IV=4b)
CH2=CH,COOCHz—

(IV-4c)
CH3=CH,COOCHi—

(IV-4d)
CH2=CH2COOC3H6—

(IV-4e)
CHp=CH2COOC4Hg—

(IV-4f)
CHy=CH;COOCs5H1—

(IV-4g)
CH2=CH2COOC5H12_

(IV-4h)
CH2=CH2COOC7H14_

(IV-4y) CHj
CHy=CHCOO~
(IV-4z) C}-Ig
CHp=CHCOOCHs—
(IV-4aa) CHs
CHy=CHCOOCH1—
(IV—4ab)C}—13
CHp=CHCOOC3Hs—
(IV_48.C)C/H:3
CHp=CHCOOC4Hg—
(IV-4ad) CH;
CHz-"—' HCOOCsHlo_
(IV‘4&€)C}'{3 7
CHQZCHQOOCGle
(IV—4af) CHs-
CHy=CHCOOCH 11—

226
(IV-4i)
CHy=CH,0CO—
(IV-4j)
CH,=CH,OCOCHs—

(IV-4k)
CHy=CHsOCOCy;H1—

(IV-41)
CHy=CH;0COCsHs—

(IV-4m)
CHy=CH,0COCHg—

(IV-4n)
CH2=CH20COC5H10_

(IV-4o0)
CH2=CH20COC6H12_

(IV-4p)
CH»>=CHOCOCH; 1

(IV-4ag) CC/H3
CH,=CHOCO~

(IV-4ah) CH;
CH,=CHOCOCHz—

(IV-4ai) CHs
CHz'—‘ HOCOCQHF

(IV“]:&_]) ?43
CHy=CHOCOC3Hg—

(IV-4ak) CHs
CHy=CHOCOCHg—

(IV-4al) CHjs
CHy=CHOCOCsH;—

(IV-4am)Cy-13
CHy=CHOCOCgH 57—

(IV-4an) CHs
CHy=CHOCOC7H11—

18 MAR 2003

(IV-4q)
CHo=CH,O—

(IV—-4r)
CH»=CH»OCHs—

(IV-4s)
CH2=CH2002H4—'

(IvV-4t)
CH»=CH20OCsHg—
(IV-4u)
CHy=CH,OC4Hg—
(IV-4v)
CHy=CHsOCsH 15—
(IV-4w)
CHs=CHOCg¢H 57—

(IV-4x)
CHy=CH>OC7H 11—

(IV-4a0) CHjs
CHp=CHO—
(IV-4ap) C/Hs
CHy=CHOCHs—
(IV-4aq) CH3
CH2= HOCzHr
(IV-4ar) CH;
CHy=CHOC3Hg—
(IV-4as) C)"Is
CHy=CHOC Hg—
(IV-4at) 9—13
CH2=CHOC5H10_
(IV-4au) C/Hg
CH=CHOCgH,7—
(IV-4av) CHs
CH2=CHOC7H14'_

Preferable interface of the transparent solid substance

can be obtained by incorporating the compounds described

above. -The content of compounds having side chain groups of

o

the general formulas (IV-4a) to (IV-4av) can be selected from
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a range from 0.01 to 100%.

The liquid crystal composition of the present invention
can also be used as a gest host (GH) liquid crystal
composition by the addition of two-color pigments such as
anthraquinone pigment, azo pigment, azoxy pigment, azomethine
pigment, melldcyanine pigment, quinophthalane pigment,
tetrazine pigment and the like, in addition to the polymer
diffusion type liquid crystal. It can also be used as a
liquid crystal composition of a phase transition type display
and white tailor type display. Furthermore, it can be used as
a liquid crystal composition of a birefringent index control
type display (ECB) and dynamic scattering type display (DS).

Alternatively, the ligquid crystal composition of the
present invention can be added for the purpose of adjusting
phase series ¢f a ferroelectric liquid crystal. The liquid
crystal composition can also be used as a liquid crystal
composition for polymer stabilization type liquid crystal
display. In this case, the above compounds or compositions
having the side chain groups can be used.

Alternatively, it is possible to use as optical members
such as phase difference film, optical lens and the like,
using the above compounds or compositions having the side
chain groﬁps as a UV curable liquid crystal. It is also
possible to apply to liquid crystal display related members
such as-deflecting plate, alignment film and the like.

The liquid crystal composition of the present invention can be

T —— et —

obtained by incorporating the liquid crystal components A, B
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and C described I detail above. Preferred examples are
nematic liquid crystals (1-01) to (1-23) described below, but
the present invention is not limited by these examples. Among
these, for example, nematic liquid crystal compositions (1-
01), (1-03) to (1-07), (1-20), (1-21), (1-22) and (1-23) can
be used for TN-LCD, nematic liquid crystal compositions (1-
01), (1-02), (1-08), (1-10) to (1-15), (1-17), (1-18), (1-22)
and (1-23) can be used for STN-LCD, nematic liquid crystal
compositions (1-06), (1-09), (1-16) and (1-20) to (1-22) can
be used for TFT-LCD, and nematic liquid crystal compositions
(1-09), (1-10) and (1-23) can be used for PDLC and PN-LCD.
One or plural kinds of these compounds (1-0101) to (1-2311)
can be used in place of compounds represented by the general
formulas (I-1) to (III-4), more specifically compounds having
the structures of the general formulas (I-1la) to (I-53ab) in
which the side chain groups are (I-6a) to (I-6bc) and the
partial structures of the polar group are represented by the
general formulas (I-7la) to (I-73bt), compounds having the
structures of the general formulas (II-la) to (II-4n) in which
the side chain groups are (I-6a) to (I-6bc) and the partial
structures of the polar group are represented by the general
formulas {II-5a) to (II-5r), and compounds having the
structureé of the general formulas (III-la) to (III-4ac) in
which the side chain groups are (III-5a) to (III-5bf),

according to the desired purposes and applications.
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Examples of preferred composition: nematic liquid crystal

composition (1-01)

(1-0101) CH.— —  —OCH 10 wt %
(1-0102) CH,-  — OCH, 10 wt %
(1-0103) CH,~ - - OCH, 5 wt %
(1-0104) CH,—~ — ~CH, 5 wt %
(1-0105) CHy— —C=C- -OCH; 5wt %
F

(1-0106) CJH—-'COO_" -CN 5wt

- F

— — F
(1-0107) CH,— —CO0O—  — 12wt

B —  -a

— E T F

(1-0108) CHy - - 10 wt %
- - oo - - CN
. F

(1-0109) CH,— — —  ~CH Swi¥
(1-0110) CH, — — — 10 wt %

—~  -coo—  -CN

Foor
(1-0111) CH,~ — -~ COO~—  -CN 5wt %
(1-0112) cH,— — - —  -CH, 5 wt %
F

(1-0113) CH,~ — — - -CH, 5wt %
(1-0114)  _ CH,,—~ — — — ~CH, 5wtk



Examples of preferred composition:

composition

(1-0201)

(1-0202)

(1-0203)

(1-0204)

(1-0205)

(1-0206)

(1~0207)

(1-0208)

(1-0209)

(1-0210)

(1-0211)

(1-0212)

(1-0213)

230

(1-02)

OCH,

9
pd

¥

0D
e

O‘
.

uO
fen
QO
I
NS
<he
(@)
Z.
(@]
:?

CyHy

uﬂ
<
I‘p
_hI
f .Tl
n

wﬂ
e
; -1j
)

1] 7]
ey
9]

1)

0 O
X
Q)

T

CyHy

O
T

0
=
0
jus
.

5008

@)
e

COO0

COO

uﬂ
T

T

0
e

|

10 wt %

8 wt%

Swth

10 wt %

9wt %

6 wt %

6 wt%

6 wt%

6wt

12wt %

Twt%

Twt%

8 wth

18 MAR 2003

nematic liquid crystal
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Examples of preferred composition: nematic liquid crystal

composition (1-03)

F
(1-0301) c3H1—<___>—©- CN 5wt %
(1-0302) _//‘-O—Q- CN 5wt %

F
(1-0303) C:Hs'% CN P
* F
(1-0304) CQHS' CN ok
F
(1-0305) CeHs_@' Co0 “O‘ CN S
(1-0306) C H, —@— COO —Q CN Wtk
(1-0307) cSH,—O—COO—Q'CM e
(1~0308) CHSO_@‘COO_Q_CSHII 1wtk

(1-0309) C,H, —<:>— CoOo —@— OC,H, 13 wt %

(1-0310) C.H 3wt %

Q

)

o

g2 ;
O

us

(1-0311) C.H, —O—Q COO —O— C,H, 3wt %
(1-0312) C,H, —D—D— C,H, —@— CH, 3wt %
(1-0313) CSH;—D—Q— Co0 —@— C,H, 3wt %
(1-0314) CBH;—D— Co0 CN 3wt %
(1-0315) C3H.,—<:>- Co0 —C}—coo—<j>—c3H7 3wt

- F
(1-0316) CGHFO—CZD_O 3wt %
: CN
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composition (1-04)

(1-0401)

(1-0402)

(1-0403)

(1-0404)

(1-0405)

(1-0406)

(1-0407)

(1-0408)

(1-0409)

(1-0410)

(1-0411)

(1-0412)

(1-0413)

(1-0414)

(1-0415)

et~ O~
e, —< )~ )-cn
e~ > ) )
W Wt
F

“en-O-0~O-s.

10wt %

16 wt %

16 wt %

16 wt%

10 wt %

10 wt %

6wt %

S5wt%

Swt%

lwt%

1wth

1wt%

Twth

lwth

L wth

1 4 MAR 2003

nematic liquid crystal
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Examples of preferred composition: nematic liquid crystal

composition (1+05)

F
(1-0501) fO_OCN 8 wt %
4
(1-0502) C.H,, —@-— COO CN 10wt %

OF
F
coo OCN Twt%

F

(1-0504) CH, —O—@— OCH, 12 wt %
(1-0505) _//—O—D_\_ 8 wt %
(1-0506) CH, _O_D_\_/ 10 wt %

(1-0507) C,H, C,H, 10 wt %
o on OO Oren o

(1-0503) C.H

v e OO, o
F

(1-0510) CH, —D—@—coo —O CN bwth
F

(1-0511) C,H, WCOOOCN 5wt%

(1-0512) C,H, —O—O—coo —O— CH, dwth

(1-0513) C,H, F 2wt %
F

(1-0514) C,H, Q. . Q 2wt%
CN

F

(1-0515) C,H, 2wt %
- F

(1-0516) " CyH, 2 wt %
CN

(1-0517) e —( ) 2 wt %
O
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Examples of preferred composition: nematic liquid crystal

composition (1-06)

F F
(1-0601) CH, p 5wt %
(1-0602) F 5wt %
(1-0603) c1 5wt %

(1-0604) CH, F 5wt %

F
(1-0605) e~ ) ) ) 10 wt %
F
(1-0606) C,H, —O—D_@_ OCF, 5 wt %

F
(1-0607) CH, _O—O_Q_ OCF, 10 wt %
F
(1-0608) C,H, —O—D_Q F 10 wt %
(1-0609) C.H,, cl 10 wt %
Fp
(1-0610) C,H § ) 5wt %
FF F
TR TG e Yo Sy SIS
F F F
F
F F
(1-0613) Cﬁ,% 5 wt %
F

_ = -
(1-0614) C,H, 5 wt %
F
(1-0615) ¢ H,— F 5wt %
- OCF,

’ F
F
F
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Examples of preferred composition: nematic liquid crystal

composition (1-07)



) (1-0700)

(1-0701)

(1-0702)

(1-0703)

(1-0704)

(1-0705)

(1-0706)

(1-0707)

(1-7708)

(1-0709)

(1-0710)

(1-0711)

(1-0712)

(1-0713)

(1-0714)
(1-0715)
(1-0716)
(1-0717)

(1-0718)

(1-0719)

(1-0720)

(1-0721)

4wth

4wth

3wth

Iwth

3wtk

4wth

3wt%

6 wt%

10 wt %

10 wt %

10 wt %

10 wt %

3wtk

Swth

3wth

3wt%

3wt

3wth

3wtk

3wth

3wth

3wtk

16 MAR 2003
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Examples of preferred composition: nematic liguid crystal

composition (1-08)

(1-0801) — —  _CN 5wt %
(1-0802) - -~ -CN 10 wt %
(1-0803) CH,~ —  —ON 10 wt %
(1-0804) CH,~ — -CN 10 wt %
(1-0805) LT e 5wt %
- - F
(1-0806) T T N 5wt %
(1-0807) C.H . — — -F 5wt %
511 -N
(1-0808) CH,, - L OC,H, 5wt %
(1-0809) C,H, - - OCH, 3wth
(1-0810) CH,—  -CO0-~  -OC,H, 3wt
(1-0811) C,H, — — - OCH, Iwt%
(1-0812) - 3wt %
(1-0813) CH,- —  -CexC- - OCH, 7wtk
(1-0814) CH,~ — -CesC-  -CH, 7wt %
(1-0815) CH,— ~CH,— -CeEaxC- - CjH 7wt %
(1-0816) CH, -  — coo— —  -CH, 7wt %
a a F
(1-0817) CH,— ~CO0-—  -CN 5wt %
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Examples of preferred composition: nematic liquid crystal

composition (1-09)

F
(1-0901) CH,— — — -F 8 wt %
— F F
(1-0902) C,H, — — — 12 wt %
— -C=-C~ -F
F F
(1-0903) CH,~ =~ ~- -C 11 wt %
— g F
(1-0904) CH,— = = F 9wt %
— _ —F
F
(1-0905) CH. - - - —F 9wt %
(1-0906) CH,— — -  -OCF, 9 wt %
F
(1-0907) CH, — - —  ~CH,— ~—cCl 11 wt %
— - .
= -z - F
(1-0908) CH, - : = 11 wt %
- - -~ -cl
. _
= - F
(1-0909) C,H, -~ — - = 10 wt %
e
- .
= - F F
(1-0910) cCH, - — - = 8 wt %
- - - - F
F F
—_ — == F
(1-0911) CH,, — -Cc=C- - T 2 wt %
F‘
it



Examples of preferred composition:

composition

{1-1001)

(1-1002)

(1-1003)

(1-1004)

(1-1005)

(1-1006)

(1-1007)

(1-1008)

(1-1009)

(1-1010)

(1-1011)

(1-1012)

(1-1013)

(1-1014)

(1-1015)

239

(1-10)

aSaVl

nematic liquid crystal

10wt %

16 wt %
Swth

5wt %

4wth

8wt%

5wt%

Bwth

8 wt %
5wt%
5wt %

5wt%

18 MAR 2003
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Examples of preferred composition: nematic liquid crystal

composition (1-11)

(1-1101) CN 12 wt %

:

(1-1102)

:

J CN 11wt %

F
(1-1103) C,H,0CH, —@- Co0 —C}- CN 14 wt %
F
(1-1104) —\\__/—@— COO CN
F

(1-1105) —//—%—QCN 3 wt %
F
OO

11 wt%

(1-1106) CN 3wth

(1-1107) C3H7—O—D—©' OCH, 5wt %
(1-1108) CSHT_O_D_Q CH, 5 wt %
(1-1109) C;H, —O—D—@F 5wt%
(1-1110) C3H7—<:>—<:>—®—CN 5 wt %
(1-1111) c,iH“—D—O—Q-CN 5wt %

(1-1112) C,H, F 5wt %

a1 e~ )~ )coo = )-F 5wt %
F

(1-1114) cSHT-—<C::>——<::j}—<g::>*-F 5 wt %
(1-1115)  CH, ‘<:>—C2H4—©-CEC—®_C2HS 6wt %
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Examples of preferred composition: nematic liquid crystal

composition (1-12)

F
=N
(1-1201) C3H7-—<\: ; F 13 wt %
N
F
(1-1202) Csz'O—O—CN 16 wt %

F

(1-1203) C3H7—C>—-C>'CN 4wt %
(1-1204) C,H, —O—O—@— CH, 7wt %

(1-1205) C.H, CN 12wt %

(1-1206) / -~ 12 wt %
(1-1207) C,H, Co0 —@— F 5wt %
F

F
(1-1208) C3H7-O_Q:>_Q
F

=N
(1-1209) C3H7'--<\: '
N

—~

F
(1-1210) CH, =N 7wt %

\ ,* F

N

(1-1211) C,H. ’—<:>'C2H4—©-CEC‘©‘C2H5 4 wt %
(1-1212) C,H, ~O— —@—c CO—CH 4wt %
a2y e, Y rc=cK pop s

5wt %

7wt%
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composition (1-13)

(1-1301)

(1-1302)

(1-1303)

(1-1304)

(1-1305)

(1-1306)

(1-1307)
(1-1308)

(1-1309)

(1-1310)

(1-1311)

(1-1312)

(1-1313)

(1-1314)

(1-1315)

(1-1316)

(1-1317)

F

oo
oo
=t

C3HTOCH

F
’\\_/_O_%CN

Gwt%h

4wt

4wth

Swt%

4wth

4wt%

5wt%

18 wt %

3wt%

2wth

6 wt %

5wt %

Swth

Swth

6 wt %

8wt%

7wt %

18 MAR 2003

nematic liquid crystal



Examples of

composition

(1-1401)
(1-1402)

(1-1403)

(1-1404)
(1-1405)

(1-1406)

(1-1407)
(1-1408)
(1-1409)
(1-1410)
(1-1411)

(1-1412)

(1-1413)

(1-1414)

(1-1415)

(1-1416)

243
preferred composition:

(1-14)

C,H, —D—coo —@— OC,H,
C,H, —<___>—coo —@— OC,H,
c¢5—<:>ﬁ—coo-<:>—ocgg

0
L
3
I/ I:
z_Z
o
Z

18 MAR 2003

nematic liquid crystal

10 wt %
10 wt %

4wt%

9wt %

8wtk

Iwt%h

Swt%
S5wt%h
Swt%
Swth

6wth

S5wt%

4wt%h

5wt%

5wt

5wt%



h
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Examples of preferred composition: nematic liquid crystal

composition (1-15)

F
(1-1501)

(1-1502) CBHT‘O—QCN 10 wt %
(1~1503) \\_/—C>—©—CN 10 wt %
(1-1504) —\\_/—O—O-CN 10wt %
(1-1508)  C,H, —D—O— C,H, 7wt %
(1-1506) C,H, ——@— c=cC —@- OC,H, 5wt %
(1-1507) cm—@— C==C —@— OC,H, 13 wt %
(1-1508) CSHU—OCECOOCHB 14 wt %
(1~1509) C,H, —O——O—@- CH, 4wt%
a5 e~ )~ )~ )-och, 4w
(1-1511)  CJH, —O—O—@-CN 4wt %

(1-1512) CSH?O_QD‘@CN 4 wt %
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Examples of preferred composition:

composition (1-16)

F
(1-1601) C7H15_O_Qp
FF
(1-1602) CBHT‘%_@F
F
F
o nO-O
F
F
(1-1604)  CH, %
F
F F

(1-1605) C,H, —D—D—@- F
F
(1-1606)  C,H, —O—O—@— F

(1-1607) C,H, —O—O—Q F
F
(1-1608) C,H, —O—Q— C,H, —Q— F

F F

(1-1609)  CjH, F
F

F

(1-1610) CH, . . Q i
F

(1-1611) C,H, . OQ :FF
(1-1612) QHO_QD F

3T < ': F

(1-1613) CeH, .. F FF

' F
(1-1614) c3H7—C>——<:>—Q;\§F

18 MAR 2003

nematic liquid crystal

S5wt%h

S5wth

S5wth

Swth

10 wt %

10 wt%

5wt

10wt%

10 wt %

10 wt %

10 wt %

Swth

5wth

5wth
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Examples of preferred composition: nematic liquid crystal

composition (1-17)

(1-1701) CSH”—<:>—<:>-C3H7 4wth

(1-1702)  CH,, C5H, 3wt

F
(1-1703) /‘D"C@CN 3wt %

F
(1-1704) c4Hg—©— coo—@-
F
—@—COO—@‘CN Twt %

F
(1-1706) CH
iy COO CN 4wt%
F F
=170 e~ ) ) 3wt %
CF,
F

(1-1708) //_O—O_O‘F 18 wt %
(1-1709) //_<:>—<:>_©_CH3 17 wt %
(1-1710) \\__/‘O—O—@‘CHs 17 wt %
(1-1711) C3H7‘O—<:>—©-0\__//_ 4wtk

(1-1712) C3H7CH20CH3 7wt %
e O Ve Uay s

(1-1714)  CH, —-<__—>-coo—<_=_>—cEc-<i>—c2H5 ——_
(1-1718)  CgH, C00—©—<}C3H7 5 wt %

CN 3wt %

(1-17058)  C,H,
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Examples of preferred composition: nematic liquid crystal

composition (1-18)

(1-1801) \_/—O—C__C—O-CH 10 wt %

(1-1803) C.H

o
28

ath 10wt %
D F
(1-1804) c3H7—D—®—CEC'®'CH3 5wt %
P H,C
(1-1805) C3H7CEC_®_\_// 10 wt %
F F
(1-1806) CSH,CEC‘<i>‘F 10 wt %
F F
(1-1807) C3H1(35<3‘<:>‘F 5wt%
F F
(1-1808) C,H,, CECOF 5wt %
F
(1-1809) C5H11@CECQF 5wt %
DD F F F
(1-1810) CBH,‘Q—@CECOF 10 wt %
DD
D D F
(1-1811) C3H7‘<_—>—@CECO‘F 10 wt %
D D F
F F
(1-1812) C3H"<:©csc-QF 5wt %
_ F
(1-1813) CaHy .O F C=C_C§F 3wt%
F
(1-1819) - G CO ) C=C‘®F,F 2 wt %
F
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Examples of preferred composition:

composition (1-19)

F
(1-1901) C3H7CN
F

(1-1902) /‘O‘Q? o

(1-1903) _//_O—QCN

(1-1904) CHSOCSHS—O—Q— CN
(1-1905) //‘—<:>—<:>-C5HH

R Y Yy o
(1-1907) \_//—C>—<:>—-<i>—CH3
I S e S

18 MAR 2003

nematic liquid crystal

6 wt %

6 wt %
10 wt %
Twt%
19wt %
4wt %
13wt %

4wt%h

(1-1909) CaHv—D_COO_Q—CEC_@CHa Twt%

(1-1910) C,H, —@ r—©- C,H;

oF1, NN 2

(1-1911) Cﬁ,@\ »——@-chs

N-N =

11012 o~ _p—~ ) CH,
N-N

(1-1913) U@

\ N-N

;

3wt%

6 wt %

3wt%

12wt %
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Examples of preferred composition: nematic liquid crystal

composition (1~20)

F
(1-2001) c3H7—O—c2H4—<:>—coo—®~F 10 wt %
F
(1-2002) CH,OC,H, —O—O—@— F 7 wt%
F

(1-2003) /_O—D—C}'F 18 wt
F

awmn  \~ OO~ 17wt %
F

(1-2005) G,y "@' c=c F 5wt %

F
(1-2006) CsHp _O— C,H, O F 5wt %
F
(1-2007) C.H,, —O— Coo —@— F 5wt &
F
=N
(1'2008) C5H11 { I\; F 5 wt %

F

(1-2009) /—Q—G— CN 5 wt %

F
(1-2010) CN 5wt %
F

74
74
(1-2011) \\_/—<:>—®—CN —
F
(1-2012)  C,H
3 7‘%@04@_@\] 5 wt %
C3H7
F

5wt

(1-2013) F
- CN

(1-2014) CH, . . O O F 3wt %
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Examples of preferred composition:

composition

(1-210D)

(1-2102)

(1-2103)

(1-2104)

(1-2105)

(1-2106)

(1~2107)

(1-2108)

(1-2109)

(1-2110)

(1-21)

1 8 MAR 2003

nematic liquid crystal

10wt %

10wty

10wth

10wt %
10wt%
10wt %

10wt%

10wt%

10wt%

10wt%
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Examples of preferred composition: nematic liquid crystal

composition (1-22)

(1-2201) _//—O—D—\\_ 10 wt %

DD F F
(1-2203) CBH7—Q—Q~CEC‘®—F 15 wt %
D F
F F
(1-2204) C,H, c=C Q F 15 wt %
DD F F
(1-2205) CH,, F 10 wt %
D F
X F
(1-2206) Gy F 5wt %
pp FrF
(1-2207) C,H, —O—Q—Q— F 5wt %
D F
DD
(1-2208) C,H, ‘O—Q—Q OCF, 10 wt %
D D b
(1-2209) 5wt %
/ OCF,
DD
F F F
(1-2210) C,H, -Q C2H4 F 5 wt %
F F F F
v onOren <O~ 0w
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Examples of preferred composition: nematic liquid crystal

composition (1-23)

(1-2301) 03H7_©—C
CﬁW*<:>—C

I

(1-2302)

]

(1-2303)

(1-2304) CsH

.

(1-23085) CqH

(1-2306) CsH

(1-2307) C4H
(1-2308)  GsHy r—Q-@—CN
(1-2309) C7H1N

(1-2310) _/—O—Q—CN

(1-2311) \

(1-2312) /

%

A )
o~ )

Ha

C2oHs

o0

§
'

Hs

Can-@—CEW@—OCHa

2Hs

Hs

Hs

20wt %

10wt

5wt%

Twth

8wtk

10 wt%

6 wt%

5wth

Swth

10wth

10wt %

4wth

The market of the liquid crystal display device is in the

state of fierce price competition.

To survive this

competition, the liquid crystal material is required to be

capable of easily optimize the display characteristics for

various applications.

materials 2-bottle type composed of two kinds of liquid

Thus such systematized liquid crystal

crystal_material or 4-bottle_type composed of four kinds of
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liquid crystal material. Representative characteristics
thereof include the threshold voltage, the birefringent index
and the nematic phase-isotropic liquid phase transition
temperature. For example, when such a 2-bottle system is used
that consists of a liquid crystal material having a higher
threshold voltage and a liquid crystal material having a lower
threshold voltage, which are identical with regards to other
characteristics, requirements can be met more quickly at a
lower cost by combining two kinds of liquid crystal materials
in a proper proportion without restriction of the electronics
components used in the drive circuit. The present invention
is useful for this purpose, too, and allows it to use a
mixture of the nematic liquid crystal compositions (1-01) to
(1-23) and compositions obtained by substituting a part
thereof. Such an application may be carried out, as a matter
of course, including nematic liquid crystal compositions (3-

01) to (3-38) of Examples to be described later.

EXAMPLES

The present invention will now be described in detail
below by way of Examples, although it should be understood
that the present invention is not limited to these Examples.
In the following description of compositions of the Examples,

“percentages” are by weight unless otherwise specified,

while -(CHj),~ and -CyH4~ have the same meaning and - (CHjz) 4~

and -C4Hg- have the same meaning.

e —— U —

Physical properties of the liquid crystal composition and

—
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the display characteristics of the liquid crystal display

device that employs the TN-LCD of the Examples are as follows.

Tx-1: Nematic phase-isotropic liquid phase transition

temperature (°C)

T_y: Solid phase or smectic phase-nematic phase transition

temperature (°C)

Ae: Dielectric constant anisotropy at 20°C

An: Birefringent index at 20°C

n: Viscosity at 20°C (cp)

Vth: Threshold voltage (V) at 20°C when TN-LCD is constituted

Vi: Applied voltage (V) at the light transmittance of 1% if

where the light transmittance is 100% with no voltage applied

at 20°C when TN-LCD is constituted

Y Ratio of saturation voltage (Vsat) and Vth, namely

sharpness at 20°C

Tr=1d: Period of time when the rise time 1r if a

predetermined voltage is applied starting from 0OV and the

decay time td if the voltage is decreased from the

predetermined voltage to zero equal to each other, at 20°C
The liquid crystal display device having the STN-LCD

display characteristics was made as follows. A chiral

material 5-811 (manufactured by Merc) was added to the liquid

crystal composition, thereby preparing a mixed liquid crystal.

An alignment film was formed by rubbing an organic film of

Sun—Evef 610 (manufactured by Nissan Chemical Industries,

Ltd.) onto an opposing planar transparent electrode, thereby

S r—- et

to make STN-LCD display cell having a twist angle Bf 240

—
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degrees. The mixed liquid crystal was poured into the cell,
thereby to make the liquid crystal display device. The chiral
material was added to the liquid crystal composition in such a
proportion that the intrinsic helical pitch P of the mixed

liquid crystal and the thickness d of the display cell satisfy
the relations An*d=0.85 and d/P=0.50. Threshold voltage,

sharpness, temperature dependence of the driving voltage and
response speed of this mixed liquid crystal were measured.
Display characteristics of the STN-LCD having a twist
angle of 240 degrees
Vth: Threshold voltage (V) at 20°C
v Ratio of saturation voltage (Vsat) and Vth, namely
sharpness at 20°C
A(Vth) /A(T): Temperature dependence of the driving voltage
tr=1d: Response time when driven with duty ratio of 1/240
The liquid crystal display device having the IPS mode
display characteristics was fabricated as follows. An
alignment film was provided on a substrate whereon parallel
chromium electrodes were formed at a space of 10 um from each
other. Also an alignment film was provided on a substrate
having no electrode. These substrates were put together so as
to form aiﬁell having thickness of 4 um and the liquid crystal
was oriented in anti-parallel configuration. The cell was
filled with the mixed liquid crystal thereby to constitute the
liquid crystal display device. Vi, sharpness and response

speed of this display apparatus were measured. Assume that

—— ————— —

light transmittance of this device when no voltage is applied
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(To) as 0%, assume the maximum light transmittance when the
applied voltage is increased (Tio) to be 100%, assume the
voltage that resulted in light transmittance of 50% as Vsp, and
assume the voltage that resulted in light transmittance of 10%
as Vig.

Display characteristics of IPS mode
Vio: Threshold voltage (V) at 20°C
v: Ratio of Vso/Vip, namely sharpness at 20°C
Tr=1d: Response time (msec)

Chemical stability of the composition was checked by
heating acceleration test wherein an ampoule filled with 2
grams of the liquid crystal composition was subjected to
substitution with nitrogen after evacuating the inside, before
undergoing the test at 150°C for one hour. Resistivity before
the heating acceleration test, resistivity after heating
acceleration test, voltage holding ratio before heating
acceleration test and voltage holding ratio after heating
acceleration test of the liquid crystal composition were
measured.

One or plural kinds of compounds described in the
Examples can be used in place of compounds represented by the
general formulas (I-1) to (III-4) according to the desired
purposes énd applications. Specific compounds are represented
by the form of the following examples.

Liquid érystal component A

Examples of the general formula (I-1) compound (2-la): side

T —— —————

chain group (I-6a), basic structure (I-lla), and Eblar group

—
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(I-71la)

Examples of the general formula (I-2) compound (2-2a): side
chain group (I-6a), basic structure (I-2l1la), and polar group
(I-72a)

Examples of the general formula (I-3) compound (2-3a): side
chain group (I-6a), basic structure (I-3la), and polar group
(I-72a)

Examples of the general formula (I-4) compound (2-4a): side
chain group (I-6a), basic structure (I-41la), and polar group
(I-72a)

Examples of the general formula (I-5) compound (2-5a): side
chain group (I-6a), basic structure (I-5la), and polar group
(I-73a)

Liquid crystal component B

Examples of the general formula (II-1) compound (2-1b): side
chain group (I-6a), basic structure (II-la), and polar group
(II-5a)

Examples of the general formula (II-2) compound (2-2b): side
chain group (I-6a), basic structure (II-2a), and polar group
{(IT-5a)

Examples of the general formula (II-3) compound (2-3b): side
chain group (I-6a), basic structure (II-3a), and polar group
(IT-5a)

Examples of the general formula (II-4) compound (2-4b): side
chain gfoup (I-6a), basic structure (II-4a), and polar group
(II-5a)

Liquid crystal component C

—
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Examples of the general formula (III-1) compound
chain group (III-5b), basic structure (III-la),
group (III-5b)

Examples of the general formula (III-2) compound
chain group (III-5b), basic structure (III-2a),
group (III-5b)

Examples of the general formula (III-3) compound
chain group (III-5b), basic structure (III-3a),
group (III-5b)

Examples of the general formula (III-4) compound
chain group (III-5b), basic structure (III-4a),

group (III-5b)

Liquid crystal component A

(2-1a) C,H, O OQ
(2-2a) C,H; OQ
@30 CN
(2-4a) CZHS——<C::Z::>>—A<:::>_
CN

(2-5a) —C,H

CN

(2-1c) :

(2=2c):

(2-3c):

(2-4c):

18 MAR 2003

side

and side chain

side

and side chain

side

and side chain

side

and side chain
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Liquid crystal component B

(2-1b) CZHS—C>—®—CN
(2-2b) CZHSCN
e W S
=N
e G~ y—_ o
‘ N

Liquid crystal component C

(2-1c)  C,H, —D—@—csz
(2-2¢)  C,H, —%csz
(2-3c)  C,H, C2H5
=N
(2-4¢) czH5~<\: />—©~ C,H,
N

(Example 1)

18 MAR 2003

A nematic liquid crystal composition (3-01) was prepared

from
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— . F
(3-0101) C,H, - T E 20 wt %
(3-0102) CH,— — @ — = 20 wt %
—  — —  -0CF,
— = F F
(3-0103) CH; — - — = . 20 wt %
= F F F
(3-0104) C,H, — - = 20 wt %
— — -F
. o F
(3-0105) CH, — - - 20 wt %

and various properties of this composition were measured. The

results are as follows.

Physical properties of liquid crystal composition

Th-1 79.9°C
T -70. °cC
Ae 9.8

An 0.129

Reliability characteristics of liquid crystal composition
Resistivity before heating acceleration test: 1.3 x 10%°

Q+cm

Resistivity after heating acceleration test: 7.0 x 10% Q-
cm _

Voltage holding ratio before heating acceleration test:
99.5%

Voltage holding ratio after heating acceleration test:

98.6%

Display Characteristics of th® TN-LCD having a twist angle of

—
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90 degrees (cell thickness 6 um):
Vth 1.30 v
% : 1.140

The nematic liquid crystal composition is, despite of
being composed of five kinds of components, capable of
operating over a wide range of temperatures because Ty-r is
high and T-y is low, and has a low driving voltage compared to
the value of dielectric constant anisotropy Ag, and is
therefore capable of operating even for high resolution
display corresponding to a large duty number. Also because
this nematic liquid crystal composition has high resistivity
and voltage holding ratio after heating acceleration test, it
can be understood that high thermal stability is ensured. The
active matrix liquid crystal display device that employs this
composition as the basic constituent material has excellent
characteristics with less leak current without occurrence of
flicker.

(Comparative Example 1)

In order to demonstrate the superiority of the present
invention, a mixed liquid crystal (b-01) made by substituting
the liquid crystal component A of the nematic liquid crystal
composition (3-01) described above with another compound.
Specifically, the compound was replaced by a compound in which
the naphthalene-2,6-diyl ring and tetrahydronaphthalene-2, 6-
diyl riﬁg were substituted with a 1,4-phenylene group, and the

decahydronaphthalene-2, 6-diyl group is substituted with a 1,4-

TT—— . ——

cyclohexylene group. The results are as follows.
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F
(b-0101)  C;H; O‘O‘ F 20 wt %
(b-0102)  C.H, —D—O—@- OCF, 20 wt %
F F
(b-0103)  CH, O—@O F 20 wt %
e

F

(b-0104)  CH, F 20 wt %
F

(b-0105)  C,H, O—O—F 20 wt %

The mixed liquid crystal (b-01) is composed of the above
compounds.

Physical properties of liquid crystal composition

5 Ty-1 0°C or lower
Ae : Impossible to measure
An : Impossible to measure
n : Impossible to measure

Display characteristics of the TN-LCD having a twist angle of

10 90 degrees (call thickness 6 um)

vth Impossible to measure
Y : Impossible to measure
Tr=1d : Impossible to measure

In contrast to the mixed liquid crystal (b-01) which has

15 nematic phase at temperatures of 0°C and lower and therefore

cannot be used in an ordinary temperature range, the nematic
liquid crystal composition (3-01) of the present invention

proved to—have high Ty-1 and a—similar level of T.y and is

——
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therefore capable of operating over a wide range of
temperatures with high co-solubility.
(Example 2)
A nematic liquid crystal composition (3-02) was prepared

from

(3-0201) C,H, . OQ . 15wt %
(3-0202) cH,—~ ) () OQ - 15 wt %

(3-0203) CH 15 wt %

F
(3-0204) C,H, —Q}_O 15 wt %
F

F
(3-0205) C,H, 15 wt %
F
F
F F
(3-0206) CH, . OQ Q " 15 wt %
F
F
(3-0207) C,H, ‘D_O_Q}‘F 10 wt %

and various properties of this composition were measured. The

results are as follows.

Physical properties of the liguid crystal composition

Tn-1 ¢ 119.2°C
Tx -70. °C
Ag : 7.3

An  : 0.104

Resistivity before heating acceleration test: 1.0 x 103

a—— ——

Q- cm
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Resistivity after heating acceleration test: 4.8 x 10%° Q-

cm

Voltage holding ratio before heating acceleration test:
99.0%

Voltage holding ratio after heating acceleration test:
98.2%

Display characteristics of the TN-LCD having a twist angle of
90 degrees (cell thickness 6 um):
vVth 1.57 v
Y : 1.223

The nematic liquid crystal composition is, despite of
being composed of seven kinds of components, capable of
operating over a wide range of temperatures because Ty-; is
high and Ty is low, and has a low driving voltage compared to
the value of dielectric constant anisotropy Ag, and is
therefore capable of operating even for high resolution
display corresponding to a large duty number. Also because
this nematic liquid crystal composition has high resistivity
and high voltage holding ratio after heating acceleration
test, it can be understood that high thermal stability is
ensured. The active matrix liquid crystal display device that
employs tﬂis composition as the basic constituent material has
excellent characteristics with less leak current without
occurrence of flicker.
(Example 3)

A nematic liquid crystal composition (3-03) was prepared

e re— —— ——

from

—
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(3-0301)

(3-0302)

(3-0303)

(3-0304)

(3-0305)

(3-0306)

(3-0307)

(3-0308)

(3-0309)

(3-0310)

(3-0311)

(3-0312)

(3-0313)

and various properties of this composition were measured.

265

results are as follows.

Tn-z
T_n

Vth

Ag

An

104.9°C
-50. °cC

2.09 Vv

0.168

——17.0 c.p. —_—

7wt

4wt%h

6 wt%

3wt %

Iwt%h

11wt %

8wt%

Bwth

11 wt%

10wt %

10wt %

11 wt %

8wt%

18 MAR 2003
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The chiral material S-811 (manufactured by Merck) was
added to this nematic liquid crystal composition, thereby
preparing a mixed liquid crystal. An alignment film was
formed by rubbing an organic film of Sun-~Ever 610
(manufactured by Nissan Chemical Industries, Ltd.) onto an
opposing planar transparent electrode, thereby to make STN-LCD
display cell having a twist angle of 240 degrees. The mixed
liquid crystal prepared as described above was poured into the
cell, thereby to make a liquid crystal display device.
Measurement of the display characteristics showed that the
liquid crystal display device having temperature dependence of
the driving voltage as low as 2.0 mV/°C and STN-LCD display
characteristics of excellent high-frequency time division
characteristic was obtained. The chiral material was added to
the liquid crystal composition in such a proportion that the
intrinsic helical pitch P of the liquid crystal mixture and
the thickness d of the display cell satisfy the relations An-
d=0.85 and d/P=0.50. The STN-LCD was made in the same manner
as described above.
Display characteristics of the STN-LCD having a twist angle of

240 degrees

Vth :  2.31V

\% : 1.029

A(Vth) /A (T) : 2.0 mv/°C (T=5 to 40°C)

Tr=1d : 101 msec. (When driven with duty ratio of
1/240)

(Comparative example 2)



10

18 Mt 203

In order to demonstrate the superiority of the present

invention, a mixed liquid crystal

was made by

substituting the liquid crystal component A of the nematic

liquid crystal composition

compound. Specifically, the compound

by a compound represented by formula

(3-03-02)

(b-0202)

described above with another
was replaced

having excellent

effects of decreasing the driving voltage and improving the

temperature dependence of the driving voltage.

are as follows.

(b-0201) FO_@ CN

(b-0202)  C,H, -@— COO ——Q CN
(b-0203)  C,H, —@— COo —@— CN

=N
(b-0204) CH,—\ N CN

=N
(6-0205)  CgHy, —4 1\?_@ CN

(b-0206) \_/—Q c=cC —@— CH,
(6-0201)  CH, -O—@— c=c~_)-c
(b-0208) CH, -O—@- c==C -@— CH,
(b-0209) CH, —O—@- c=cC @— CH,

(b-0210) /—D—O» CH,,
(b-0211) \_/—QO CqHy

(b-0212) - //—O—O—O CH,
ooz~ )~ ) )en,

Ty-z N 100.7°C

7Twt%

4wt%h

Bbwth

3wt %

3wt

11wt

Bwt%

Bwt%

11wt

10wt %

10 wt %

11wt

Bwth

The results
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Tx -50. °C
Vth 2.08 Vv
Ag : 8.1
An : 0.165
n : 17.7 c.p.

In the same manner as in -the case of the nematic liquid
crystal composition (3-03), STN-LCD using the mixed liquid
crystal (b-02) was prepared.

Display characteristics of the STN-LCD having a twist angle of

240 degrees

Vth : 2.31v

% : 1.039

A(Vth) /A (T) : 2.8 mv/°C (T=5 to 40°C)

Tr=1d : 138. msec. (When driven with duty ratio of
1/240)

As is apparent from comparison between the
characteristicsg, the liquid crystal composition of the present
invention reduces the temperature dependency of the threshold
voltage by about 30% due to the liquid crystal component A in
a small amount such as 4%, and also reduces the response speed
by about 40%. The nematic liquid crystal composition of the
present invention exhibited more improved effects compared to
comparative liquid crystals.

(Example 4)
A ﬁematic liquid crystal composition (3-04) was prepared

from
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F
(3-0401) C,H, —O—cqu —O— ole]e —O F 10 wt %
F

(3-0402) CH,OC,H, O—O—@ F

F

F
F

(3-0406) C,H,

(3-0407) C.H;, —Q csc-@- F
F
(3-0408)  CH, —Q—C2H4 O P
F
=N
(3'—0410) CSHII _< 4 F
N
(3-0411) /—O—Q— CN

(3-0412)

(3-0414)

_ F
(3-0415) C;H; . . O O F

F
_//—O—O
F
(3-0413) \_/—O—@
F
\ 2 C

7Twt%

15wt%

15wt %

5wth

Swth

5wt%

5wt

Swt%h

5wt%

5wt%

5wt

Swth

Swth

Swt%h

18 MAR 2003

and various properties of this composition were measured. The

results are as follows.

TN—I . 66.6°C

T_,N . i -30. OC

—
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Vth 1.42 v
Ae : 9.4
An : 0.097

In the same manner as in the case of the nematic liquid
crystal composition (3-04), except that the compound (2-04-01)
described below was used in place of the compound (3-0406) in
the nematic liquid crystal composition (3-04) of this Example,
a nematic liquid crystal composition (3-04-01) was prepared.
Also in the same manner as in the case of the nematic liquid
crystal composition (3-04), except that the respective
compounds (2-04-02) to (2-04-22) described below were used in
place of the compound (3-0406) in the nematic liquid crystal
composition (3-04) of this Example, nematic liquid crystal
compositions (3-04-02) to (3-04-22) were prepared. The
display characteristics of these nematic liquid crystal
compositions {3-04-01) to (3-04-22) showed good results,
similar to this Example. Particularly, the nematic liquid
crystal composition (3-04-08) was superior in response
characteristics, while the nematic liquid crystal compositions
(3-04-01), (3-04-03), (3-04-06), (3-04-11), (3-04-12), (3-04-
14y , (3-04-16). , (3-04-19) and (3-04-22) exhibited the

reduced driving voltage of about 1.2 V.



(2-04-01)

csH )~ Qizilb
(2-04-02)
Oy

CsH
(2-04-03)

cshr~ )~ Qilz!>
(2-04-04)

Cattr<_)—~_) Qiz.!>

(2-04-05)

csHr_ )~ ) Qizi!>

(2-04-06)
CsHy 4"’ “l’ Qili!§

(2-04-07)

Catt . . QQ OCF4

(2-04-08)
csHr< )~ CQ OCF;

(2-04-09)

cattr<_)—~_) Qizi!> OCF;
(2-04-10)
caHr<_)~_) Qik‘!» OCE,

(2-04-11)

CaHr<_)~_) Qiki!b OCF;

i

i

o

;

(Example 5)

A nematic liquid crystal composition

from

14 mar 2003
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(2-04-12)
caHr< )~ Qi!i!> OCF,s
(2-04-13) :

CsHr<_) ‘l’ Qilh!§

(2-04-14)
csH~_ )~ ) QQ e,
(2-04-15)

Catr )~ QQ OCF;H

(2-04-16)

catr )~ Qili!& OCF;H
(2-04-17)

catr{ )< Qi!i!§ OCF;H
(2-04-18)

CH ) Qiii!» OCF;H

(2-04-19)

CaHr{ ) OQ OCFH

(2~04-20)
CaHr{ ) OQ OCF;H

(2-04-21)

CHr{ ) OQ OCFH

(2-04-22)

e )~ OQ OCF;H

:

OCF;3

I

4

.

4

o

(3-05) was prepared
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(3-0502) CsH 10wt %

(3-0501) CzHrO‘O—CAHs ‘C%“ 10 wt %

(3-0503) CoH 5wt %

(3-0504) CaH 5wt %

(3-0505) 10wt %

(3-0506) GHaOGaHa—O—O—d‘ 10 wt %
(3-0507) C3HT“©"<:>’“”” 10 wt %
(3-0508) mom 10 wt %

(3-0509) /_O_O_Q_CH3 10 wt %
(3-0510) \\_/_<:>_'<__—>_<3_°H3 10 wt %

(3-0511) 3 2His sHu 10 wt %

and various properties of this composition were measured. The

results are as follows. Because this nematic liquid crystal
composition has high resistivity and high voltage holding
ratio after heating acceleration test, it can be understood
that high thermal stability is ensured. New nematic liquid
crystal composition that employs this composition as the basic
constituent material of the present invention was prepared and
the act;ve matrix liquid crystal display device that employs

the liquid crystal compositidit was made. As a result, it has

—
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been confirmed that the device has excellent characteristics

with less leak current without occurrence of flicker.

Tu-1  ° 103.7°C
Ty -70, °C
Vth 2.66 V
Y : 1.16

Ae : 4.1

An : 0.079

Resistivity before heating acceleration test: 1.1 x 10%3
Q-cm
Resistivity after heating acceleration test: 7.3 x 10% Q-

cm

Voltage holding ratio before heating acceleration test:
99.0%

Voltage holding ratio after heating acceleration test:
98.8%
(Example 6)

A nematic liquid crystal composition (3-06) was prepared

from



10

(3-0601)

(3-0602)

(3-0603)

(3-0604)

(3-0605)

(3-0606)

(3-0607)

(3-0608)

(3-0609)

(3-0610)

(3-0611)

(3-0612)

cer—Q—coo -C§—0N
er@-coo —Cg—cN
ot —(_ )00 {g—cn

CaHT-C>—<:>-COO —@-c:m

and various properties of this composition

results are as follows.

Ty-1

T

Vth

Ag

An

92.67°C
—70. °C
0.88 VvV
19.8

0.139

8 wt%

S5wth

16 wt %

Twth

11 wth

Twth

Jwth

8Bwth

19 wt %

6 wth

6wtk

4wth

1 8 MAR 2003

were measured. The

Display. characteristics of the STN-LCD having a twist angle of

240 degrees

——

—
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vth 0.93 V
Y : 1.021
A(Vth) /A(T) : 1.9 mV/°C (T=5 to 40°C)
(Example 7)

A nematic liquid crystal composition (3-07) was prepared

from
(3-0701) S5wth
(3-0702) 5 wt %

(3-0703) /ﬁO‘O‘d“ 10 wt %
(3-0705) \JM 10 wt %

(3-0706) e~ y—_)-oN 10 wt %
(3-0707) \./‘O‘@‘CN 10 wt %
(3-0708) /‘O‘O_CS"'” 10 wt %
(3-0709) /‘O_O—@_CH“‘ 10 wt %

3-0710)  — CF3 10 wt %

(3-0711) CsH CFs 10 wt %

and various properties of this composition were measured. The

results are as follows.,

Tn-1 . N 88.4°C

Ta—
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T_x -49 °C
Vth 1.81 v
Ag : 7.4
An : 0.098
(Example 8)

18 MAR 2003

A nematic liquid crystal composition (3-08) was prepared

from
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(3-0801) CsH1 10 wt %

(3-0802) Can—Q_COO ‘d—CN 5 wt %
(3-0803) C4Hq—d—000 -d—‘b

(3-0804) CaH .

5wth

5wt%

(3-0806)  CsHi .

{0
(3-0805)  CaHs . OQ 10 wt %
Qili!» 10 wt %

(3-0807) CsH 7 wt%

(3-0808) \ 10 wt %

(3-0810) mm—é%—@—x——_— 8wtk
(3-0811) cm,—(ég—d—cs 10 wt %
v OO

and various properties of this composition were measured. The

results are as follows.

Ty-r 85.6°C
T—-N -70 OC
Vth 1.07 v — -
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Y : 1.15
Le : 17.4
An : 0.143
(Example 9)

A nematic liquid crystal composition

from

(3-0901) CaH

(3-0902) CoH

(3-0903) CsH

(3-0904)
(3-0909%)
(3-0906)
(3-0907)

(3-0908)

(3-0910) CsHv—(;g—C%‘f
CH,y

and various properties of this composition were measured.

12wt%

6 wt %

6 wt %

12wt

12wt %

12 wt %

12wt

12 wt %

12wt %

4wth

(3-09)

18 MAR 2003

was prepared

The
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results are as follows. Because this nematic ligquid crystal
composition has high resistivity and high voltage holding
ratio after heating acceleration test, it can be understood
that high thermal stability is ensured. New nematic liquid
crystal composition that employs this composition as the basic
constituent material of the present invention was prepared and
the active matrix liquid crystal display device that employs
the liquid crystal composition was made. As a result, it has
been confirmed that the device has excellent characteristics

with less leak current without occurrence of flicker.

Ty-1 84.5°C
T x : -70. °C
Vth 1.02 v
Y : 1.15

Ag : 9.6

An : 0.099

Resistivity before heating acceleration test: 5.0 x 10 Q:cm

Resistivity after heating acceleration test: 2.1 x 10* Q-cm

Voltage holding ratio before heating acceleration test: 98.8%
Voltage holding ratio after heating acceleration test: 98.5%
(Example 10)

A nematic liquid crystal composition (3-10) was prepared

from
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(3-1001) J 15 wt %
(3-1002) \ 10 wt %
(3-1003) CsH CFa 10 wt %
(3-1004) CsH 5wt%

D
(3-1005) C4H 10 wt %

(3-1006) CsHy . QQ 15 wt %

(3-1007) CsH"ég‘sz 5 wt %*

(3-1008) 10wth

(3-1009) H3

%%

10 wt %

(3-1010) \_/—Q—CEC—Q—\_/ 10 wt %

and various properties of this composition were measured. The
results are as follows. Because this nematic liquid crystal
composition has high resistivity and high voltage holding
ratio after heating acceleration test, it can be understood
that high thermal stability is ensured. New nematic liquid
crystal composition that employs this composition as the basic
constituent material of the present invention was prepared and
the active matrix liquid crystal display device that employs

the 1liqiid crystal compositiorrwas made. As a resmlt, it has

P
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been confirmed that the device has excellent characteristics

with less leak current without occurrence of flicker.

Ty-1 87.5°C
Tx ¢ -70. °cC
vth 1.67 Vv
% : 1.16

Ag : 7.1

An : 0.118

Resistivity before heating acceleration test: 3.8 x 10 Q-cm

Resistivity after heating acceleration test: 9.7 x 10 Q-cm

Voltage holding ratio before heating acceleration test: 99.1%
Voltage holding ratio after heating acceleration test: 98.8%
(Example 11)

A nematic liquid crystal composition (3-11l) was prepared

from
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(3-1101) /r*c:>‘<:j>1\

(3-1103)

(3-1104)

(3-1105)

(3-1106)

(3-1107) CaH

(3-1108) CsH CF3

(3-1109) / CFj

(3-1110) CSH"‘C%WH“

(3-1111) CaH?’O—Cf&H . O O

e {LE

and various properties of this composition were measured.

10wt %

10 wt%

15wt %

10wt %

10wt

5wt

Swth

10wtk

10wt %

Jwth

S5wth

7 wt %

18 MAR 2003

The

results are as follows. Because this nematic liquid crystal

composition has high resistivity and high voltage holding

ratio after heating acceleration test,

that high thermal stability is ensured.

it can be understood

New nematic liquid

crystaiﬁzgmposition that employs this composition as the basic

—
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constituent material of the present invention was prepared and
the active matrix liquid crystal display device that employs
the liquid crystal composition was made. As a result, it has
been confirmed that the device has excellent characteristics

with less leak current without occurrence of flicker.

Ty-1 ¢ 80.0°C
Tn -70. °C
vth 1.38 v
\% : 1.16

Ag : 9.3

An : 0.131

Resistivity before heating acceleration test: 2.2 x 10} Q-cm

Resistivity after heating acceleration test: 8.3 x 10*? Q-cm

Voltage holding ratio before heating acceleration test: 99.0%
Voltage holding ratio after heating acceleration test: 98.5%
(Example 12)

A nematic liquid crystal composition (3-12) was prepared

from



10
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w0 S SN
(3-1204) C3H 13 wt %

(3-1205) °3H7’®—°E 7Twt%

(3-1206) CaH E‘*‘p*m 13 wt %
Chs

(3-1207) 03H7—®—CEC—©—CH3 15wt %

(3-1208) GsH1r—©—CE*dF 5wt%
(3-1209) CaH . ' O Q 2wt %

and various properties of this composition were measured. The
results are as follows. Because this nematic liquid crystal
composition has high resistivity and high voltage holding
ratio after heating acceleration test, it can be understood
that high thermal stability is ensured. New nematic liquid
crystal composition that employs this composition as the basic
constituent material of the present invention was prepared.
The resulting nematic liquid crystal composition can be
utilized in the active matrix liquid crystal display device
that embloys the liquid crystal composition.

Ty-1 106.4°C

T_.N H ; -20. °C

—
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Vth 2.10 v
Y : 1.15
Le : 8.1
An : 0.276

Resistivity before heating acceleration test: 6.5 x 10* Q-cm

Resistivity after heating acceleration test: 1.2 x 10 Q-cm

Voltage holding ratio before heating acceleration test: 98.8%
Voltage holding ratio after heating acceleration test: 98.0%

This nematic liquid crystal composition was used to make
TN-LCD having cell thickness d of 1.8 um and display
characteristics thereof were measured. A liquid crystal
display device having a threshold voltage of 1.79 V and a
response speed of 2.4 msec. was obtained.

In the same manner as in the case of the nematic liquid
crystal composition (3-12), except that the compound (2-12-01)
described below was used in place of the compound (3-1205) in
the nematic liquid crystal composition (3-12) of this Example,
a nematic liquid crystal composition (3-12-01) was prepared.
Also in the same manner as in the case of the nematic liquid
crystal composition (3-12), except that the respective
compounds (2-12~02) to (2-12-22) described below were used in
place of the compound (3-1205) in the nematic liquid crystal
composition (3-12) of this Example, nematic liquid crystal
compositions (3-12-02) to (3-12-22) were prepared. The
display characteristics of these nematic liquid crystal

compositions (3-12-02) to (3-12-22) showed good r§§ults,

—
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similar to this Example.

(2-12-12)
(2-12-01)
C3H7—C§—csc CQ CsH

(2-12-13)
(2-12-02)
CBHTC%;C e o
(2-12-03) (2-12-14)
Car{_)—c=< OQ C3HCF3

(2—1C23_I?Ijl®—c _ CQ | (2—153—1_11(:}:2H
(2—15;)3%3_C - F3 (2—13;1_116) CQ
(2-12-06) (2-12-17)
chr—C}—caﬁCCFs CaHr~_) OQ
(2—153—13/7) OQ (2—1(;18) OQ |
(2-1§;£8) o QQ (2—1(:23;19) CQ i
(2—1§;H0?) A OQ (2—1623-:0) CQ N
- E -12-21
(2—133:10) OQ (2 ZH ) CQ -
(2—1C2;:Il) OQ (2-12-22)

CsH
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(Example 13)
A nematic ligquid crystal composition (3-13) was prepared

from

(3-1301) C,H, . OQ E 40 wt%
(3-1302) C.H,, . OQ . 40 wt%

(3-1303) CH, . . OQ . 20 wt

and various properties of this composition were measured. The
results are as follows. Because this nematic liquid crystal
composition has high resistivity and high voltage holding
ratio after heating acceleration test, it can be understood
that high thermal stability is ensured. New nematic liquid
crystal composition that employs this composition as the basic
constituent material of the present invention was prepared.
The resulting nematic liquid crystal composition can be
utilized in the active matrix liquid crystal display device

that employs the liquid crystal composition.

Tu-r ¢ 81.6°C
T.x ~-70 °C
vVth -1.79°V
Y 1.18

Ag : 6.0

An : 0.123

Resistivity before heating acceleration test: 1.5 x 10 Q'cm

——— —

Resistivity after heating acceleration test: 7.3 x 10 Q-cm
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o\

Voltage holding ratio before heating acceleration test: 99.1
Voltage holding ratio after heating acceleration test: 98.4%
(Comparative Example 3)

In order to demonstrate the superiority of the present
invention, a mixed liquid crystal (b-03) made by substituting
the liquid crystal component A of the nematic liguid crystal
composition (3-13) described above with another compound.
Specifically, the compound was replaced by a compound in which
the partial structure of naphthalene-2,6-diyl is substituted

with that of 1,4-phenylene. The results are as follows.

F'
(b-0301) C,H, O—@- F 40 wit
F

(b-0302) C,H,, F 40 wt%
F

(b-0303) C.H, ‘O—O—@ F 20 wt%h
Ty-1 @ Room temperature or lower

Vth Impossible to measure

Y : Impossible to measure

At : Impossible to measure

An : Impossible to measure

(Example M)
A nematic liquid crystal composition (3-14) was prepared

from



10

15

18 MAR 2003

289

(3-1401) 03H7°<:>—(CH2)2 _ows

F

F
(3-1402) CH,, —O_ (CH,), F 20 wtk
F
(3-1403) CqH, E c d_ F 15 wt%
F F
(3-1404) CH, . OQ o 15 wik
(3-1405) CH
M Q O F 15 wth
F
(3-1406) C.H, . OQ F E 15 wit

and various properties of this composition were measured. The

results are as follows.

Physical properties of the liquid crystal composition

Ty-r @ 168.8°C
T.x : -40. °cC
Ae : 9.2

An : 0.229

Resistivity before heating acceleration test: 1.1 x 10%

Qrcm

Resistivity after heating acceleration test: 7.4 x 102 Q-
cm

Voltage holding ratio before heating acceleration test:
99.0%

Voltage holding ratio after heating acceleration test:

—
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98.2%

Display characteristics of the TN-LCD having a twist angle of
90 degrees (cell thickness 6 pm):

vth 2.15V

Y : 1.17

The nematic liquid crystal composition is capable of
operating over a wide range of temperatures because Ty-; is
high and Ty is low, and has a large An, and is therefore
capable of improving response. Also because this nematic
liquid crystal composition has high resistivity and high
voltage holding ratio after heating acceleration test, it can
be understocod that high thermal stability is ensured. The
active matrix liquid crystal display device that employs this
composition as the basic constituent material has excellent
characteristics with less leak current without occurrence of
flicker.

This nematic liquid crystal composition was used to make
TN-LCD (d+-An=0.88) having cell thickness d of 3.8 um and
display characteristics thereof were measured. A liquid
crystal display device having a threshold voltage of 1.91 V.
Also the nematic liquid crystal composition was used to make

TN-LCD (d+An=0.50) having cell thickness d of 2.2 um and

display characteristics thereof were measured. A liquid
crystal display device having a threshold voltage of 1.82 V.
In the same manner as in the case of the nematic liquid

crystal_composition (3-14), except that the compound (2-14-01)

—
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described below was used in place of the compound (3-1406) in
the nematic liquid crystal composition (3-14) of this Example,
a nematic liguid crystal composition (3-14-01) was prepared.
Also in the same manner as in the case of the nematic liquid
crystal composition (3-14), except that the respective
compounds (2-14-02) to (2-14-13) described below were used in
place of the compound (3-1406) in the nematic liquid crystal
composition (3-14) of this Example, nematic liquid crystal
compositions (3-14-02) to (3-14-13) were prepared. Alsco in
the same manner as in the case of the nematic liquid crystal
composition (3-14), except that the respective compounds (2-
14-14) to (2-14-26) described below were used in place of the
compound (3-140Q05) in the nematic liquid crystal composition
(3-14) of this Example, nematic liquid crystal compositions
(3-14-14) to (3-14-26) were prepared.

The display characteristics of these nematic liquid
crystal compositions (3-14-01) to (3-14-40) showed good
results, similar to this Example. Particularly, the nematic
liquid crystal composition (3-14-21) was superior in response
characteristics, while the nematic liquid crystal compositions
(3-14-17), (3-14-20), (3-14-23), (3-14-26) and (3-01-22)

exhibited the reduced driving voltage of about 2.0 V.



18 MAR 2003
292

(2-14-01) (2-14-14)

CsHir<_ ) QQ S CaHr_) CQ o
(2-14~02) (2-14-15)

CsH . QQ O | CsHl
(2-14~03) (2-14-16)

CqH . OQ O | C3Hl
(2-14-04) (2-14-17)
(2-14-05) (2-14-18)
Oy por. IO

(2-14-06) (2-14-19)

(2-14-07) (2-14-20)

CsH CBHF.‘ H d CF.
(2—14—08 QQ E " (2-14-21) AT

(2-14-09) (2-14-22)
CsHz . QQ O OCF CsH . OQ O OCF;
(2-14-10) (2-14-23)

CaH CaHt . O OCF;
<2—14—11 O ( T e ~ E
CSHCFZH CBHCFzH

(2-14-12) (2-14-25)

C3HCFZH CBHCFZH

(2-14-13) - (2-14-26)

c5HICF2H CsHICFzH



10

18 MAR 2003

293
(2-14-27) ~14-34
C3H7'<:>'C2H @ é:Hi<):>‘C2HF3
(2-14-28) (2-14-35)
cerOCzH CBH*O@HCFg
(2-14-29) (2-14-36)
caHr<:j>Cﬂ%ﬂ§iQ!§;4ib_CI CbHr<::>CzH54ikl§;4ii;1nCF3
(2-14-30) (2-14-37)
CgHrOCzH] C3H7'<:>C2HCF3
(2-14-31) (2-14-38)
CBHTQfZHl CsH ZHCFQH
(2-14-32) | (2-14-39)
C3H7‘<:>'C2Hp3 C3H7—<:>C2H O OCFzH

(2-14-33) (2-14-40)

C3HT<:>C2HF3 CBH@QH“ (_)—OCF:H

(Comparative Example 4)

In order to demonstrate the superiority of the present
invention, a mixed liquid crystal (b-04) made by substituting
the liquid crystal component A of the nematic liquid crystal
composition (3-14) described above with another compound.
Specifically, the compound was replaced by a compound in which
the partial structure of naphthalene-2,6-diyl is substituted

with that of 1l,4-phenylene. The results are as follows.
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F

(b-040) oy _O_ (CH,), F 20 wt%
F
F

(b-0402)  GgH,, ‘O— (CHy), F 20 wth
F

F

(b-0403)  CH, —O—@— c=c —@— F 15 wit
F F

b-0408 oy -O_O—O— F 15 wik
F F

©-0405) o F 15 wt

F
F
0008 o~ )~ ) ) F 15 wth

Physical properties of the liquid crystal composition

Ty-1 ¢ 59.9°C
T x : -50. °C
Ae : 7.12

An : 0.146

The nematic ligquid crystal composition (3-14) of the
present invention is capable of operating over a wide range of
temperatures because Ty-r is high and Ty is the same compared
to the mixed ligquid crystal (b-04), and also has a large An,
and is therefore capable of improving response.

(Example 15)
A nematic liquid crystal composition (3-15) was prepared

from
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10 wtk

(3-150) M, OQ FF 10 wit
(3-1502) gy O F F

F
F
(3-1503) g % 20 with
F
F
(3-1504) < >
C5Hll —<:>' CZH4 F 5 Wt%
F
(3-1505) G, . Q i i 10 wt%

@-1500 o~ ) OQ F . 10 wit

(3-1507) /—O—O- C,H, F 5 wt%
(3-1508) /—O—O—Q CH, 10 wtk

DD F

(3~1509) C3H7-—<:>~CZH4—D-—<:>——®'F 10 wt%
DD
DD F

(3-1510) caH7~chH4—<:>—<:>—QF 10 wt%
DD

and various properties of this composition were measured. The

results are as follows.

Physical properties of the liquid crystal composition

Ty-1 ¢ 88.1°C
Tw :  =70. °C
Ag : 7.1

An : 0.105

Reliability characteristics of liquid crystal composition

Resistivity before heating acceleration test: 1.0 x 10"

Q- cm
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Resistivity after heating acceleration test: 7.4 x 10% Q-

cm

Voltage holding ratio before heating acceleration test:
99.0%

Voltage holding ratio after heating acceleration test:
98.7%

Display characteristics of the TN-LCD having a twist angle of

90 degrees (cell thickness 6 um):

vth 1.56 V

Y : 1.23

tr=1d : 47. msec
(Example 16)

A nematic liquid crystal composition (3-16) was prepared

from



(3-1601)

(3-1602)

(3-1603)

(3-1604)

(3-1605)

(3-1606)

(3-1607)

(3-1608)

(3-1609)

(3-1610)

(3-1611)

(3-1612)

(3-1613)

297
F
CH, -—O— CH, —O— coo —@- F
F

CSHII

F
F
CSHH-O—CZH4_®—F
F
—O—coo —O—F
F
CSHH{::)—@—F
F
<O
F
_//‘O—@CN
F
OO
i
‘\\_/“O‘OGN
.
eSO Wa Wl

10 wth

7 wth

20 wth

20 wth

5 wth

5 wih

5 wth

5 wtk

5 wth

5 wt'

5 wtk

5 wth

3 wth

18 MAR 2003

and various properties of this composition were measured. The

results are as follows.

Physical properties of the ligquid crystal composition

Ty-1

71.1°C

-30. °C

: ——9.7 —

——
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An : 0.094
Display characteristics of the TN-LCD having a twist angle of

90 degrees (cell thickness 8 uym):

Vth 1.37 V

Y : 1.16

tr=1d : 44. msec
(Example 17)

A nematic liquid crystal composition (3-17) was prepared

from

u



(3-1701)

(3-1702)

(3-1703)

(3-1704)

(3-1705)

(3-1706)

(3-1707)

(3-1708)

(3-1709)

(3-1710)

3-1711)

(3-1712)

(3-1713)

(3-1714)

o000 o
ot~ )< -0 L)~ -,

(@]

oo@

8 wt%

5 wth

9 wth

5 wth

5 wth

12 wth

5 wth

10 wt’

16 wth

5 wth

5 wth

6 wth

6 wth

3 wth

18 MAR 2003

and various properties of this composition were measured. The

results are as follows.

Physical propérties of the liquid crystal composition

Ty-1

T

80.0°C

. =170.

—

°C
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A : 20.2
An : 0.145
Display characteristics of the TN-LCD having a twist angle of

90 degrees (cell thickness 6 um):

vVth 0.91 v
Y : 1.16
(Example 18)

A nematic liquid crystal composition (3-18) was prepared

from



(3-1801) C,H, —Q—O—@» F
(3-1802) CH, -O—Q—Q— F

(3-1803) CH, ‘O—O—Q F
(3-1804)  GH, —Q—Q o;u—@- F

s on -
(3-180)  CH, 2
(3-1808)  CgH,, F

(3-1810) C.H. -

and various properties of this composition were measured.

results are asg follows.

Physical properties of the liquid crystal composition

Tw-x : = 99.5°C
T_.N H -70. °C
JAY : 8.4

-n

12 wtk

6 wtk

6 wth

12 wth

12 wth

12 wtk

12 wth

12 wth

12 wth

4 wth

13 MAR 2003
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An : 0.099
Reliability chHaracteristics of liquid crystal composition
Voltage holding ratio before heating acceleration test:
98.8%
Voltage holding ratio after heating acceleration test:
98.2%
Display characteristics of the TN-LCD having a twist angle of

90 degrees (cell thickness 6 pm):

Vth 1.18 v

Y : 1.25

1r=1d : 49. msec
(Example 19)

A nematic liquid crystal composition (3-19) was prepared

from



(3-1901)

(3-1902)

(3-1903)

(3-1904)

(3-1905)

(3-1906)

(3-1907)

(3-1908)

(3-1909)

(3-1910)

(3-1911)

(3-1912)

(3-1913)

and various properties of this composition were measured.
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results are as follows.

Physical properties of the liquid crystal composition

Ty-1
Ae

An

67.5°C

14.5

——0.262 —_

10 wtk

5 wth

10 wth

10 wth

10 wtk

5 wth

6 wtk

6 wth

6 wtk

10 wtk

10 wt%

6 wth

6 wth

18 MAR 2003
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Display characteristics of the TN-LCD having a twist angle of
90 degrees (cell thickness 8 pm):

vth 1.18 v

s : 1.21

The nematic liquid crystal composition is capable of
operating over a wide range of temperatures because Ty-r is
high compared to the comparative liquid crystal (b-05)
described in Comparative Example 5 described below, and also
has a large An, and is therefore capable of improving
response. Also because this nematic liquid crystal
composition has low Vth compared to the can be improved.

This nematic liquid crystal composition was used to make
TN-LCD having cell thickness d of 1.9 um and display
characteristies thereof were measured. A liquid crystal
display device having a threshold voltage of 0.97 V and a
response speed of 4.6 msec.

In the same manner as in the case of the nematic liquid
crystal compoéition (3-19), except that the compound (2-19-01)
described below was used in place of the compound (3-1904) in
the nematic liquid crystal composition (3-19) of this Example,
a nematic liquid crystal composition (3-19-01) was prepared.
Also in the séme manner as in the case of the nematic liquid
crystal compogition (3-19), except that the respective
compounds (2-19-02) to (2-19-16) described below were used in
place of the compound (3-1904) in the nematic liquid crystal

composition (3-19) of this Example, nematic liquid crystal

T—— ———

compositipns (3-19-02) to (3-19-16) were prepared?r Also in

—
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the same manner as in the case of the nematic liguid crystal
composition (3-19), except that the respective compounds (2-
19-17) to (2-19-24) were used in place of the compound (3-
1907) in the nematic liquid crystal composition (3-19) of this
Example, nematic liquid crystal compositions (3-19-17) to (3-
19-24) were prepared.

The dispiay characteristics of these nematic liquid
crystal compositions (3-19-01) to (3-19-24) showed good
results, similar to this Example. Particularly, the nematic
liquid crystal composition (3-19-11) was superior in response
characteristigs, while the nematic liquid crystal compositions
(3-19-01), (3-19-04), (3-19-07), (3-19-10), (3-19-13), (3-19-
16) and (3-19-21) exhibited the reduced driving voltage of

about 0.95 V.
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(2-19-01)
C4Hs
(2-19-02)

o‘
o

g

(2-19-05)
C4H

e

CaHe )<
(2-19-03) Y
CiHe = )
(2-19-04) Sav,
C4Hg CQ
“

9

(2-19-06)

e -

(z—lcsaf))' Vet

<2~1C;4—P(I>>» )Ry

oy e
: <i'@!>

g

an
T
—
A
—
—
~—r

3

CiH -ocr,

(2-19-12)
C4Hg
(2-19-13)
C4Hg

g
g

g

e
g

(Comparétive Example 5)

(2-19-15)

(2-19-16)

(2-19-17)

(2-19-18)

(2-19-2

18 MAR 2003
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(]

3

(2-19-14)

C4Hs
CFyH

C4Hg

g

CFqoH

C4Hg
CFqoH

CsH;

g

CsH;

O‘ OO O‘ O‘
9

g

(2-19-19)

OO
g

(2-19-20)

1)
CsH;

e
e

(2-19-22) 1
CsHir= )

(2-19-23) ‘4!> QiD>
s

(2-19-24) o Y

CsHy Qili!»

In order to demonstrate the superiority of the present’

invention, a mixed liquid crystal (b-05) made by substituting

S——

}
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the liquid crystal component A of the nematic liquid crystal
composition (3-19) described above with another compound.
Specifically, the compound was replaced by a compound in which
the partial structure of naphthalene-2,6-diyl is substituted

with that of 1, 4-phenylene. The results are as follows.

(b-0501) oM, N 10 wt%
F
(b-0502) CH, oN 5 wik
F
(6-0503) G, oN 10 wik
FF
(b-0504) OH, N 10 wtb
(b-0505) CH,, N 10 wth
F
b-050
(b-0506) G,HHCN 5 wit
F o F
b-0507
F o F
(b-0508) CH, F 6 Witk
F o F
(b-0509)
CqH,, F 6 wth
F F
(b-0510) 03H7—©-(EC-®—F 10 wt%
F F
(b-0511) 05H11—©‘°E°‘®‘F 10 wik
F
(b-0512) CH, —@— c=c —@— F 6 wtk
F
7 F
(b-0513) OH, _Q_CE c _@ F 6 wtk
F

Physical properties of the liquid crystal composition

mer—
————— —

Ty-1 . Room temperature or lower

—
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Ag : Impossible to measure
An : Impossible to measure

Display characteristics of the TN-LCD having a twist angle of

90 degrees (cell thickness 8 um):

vth Impossible to measure
Y : Imp@ssible to measure
(Example 20)

A nematic liquid crystal composition (3-20) was prepared

from

(3-2001) CH, QQ Con 7 wit
(3-2002) CH, OQ Chon 7 wit
(3-2003) CH, OQ F N 7 wik
(3-2004) CH,, OQ Con 7wtk
(3-2005) CeH,, OQ F N 7 wit
(3-2006) oH— ) o i 7wtk
(3-2007) OH, O: F i 6 wtt
(3-2008) C“H’cEc -@F‘F 7 wik
T = S0 S

) F
(3-2011) e, < <y 15 wik

—
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and various properties of this composition were measured. The
results are as follows.

Physical properties of the liquid crystal composition

TN—I . 68.7°C
Ag : 10.3
An : 0.201

Display characteristics of the TN-LCD having a twist angle of

90 degrees (cell thickness 6 um):

vth 1.32 Vv
% : 1.14
Tr=1d : 32.0 msec

This nematic liquid crystal composition shows a value of
optical sharpness near 1.12 that is the limit of TN-LCD liquid
crystal shown in the literature “High-speed Liquid Crystal
Technology” (p.63, CMC Publication). Thus it can be
understood that this liquid crystal composition is useful for
high-frequency multiplexing drive.

This nemafic liquid crystal composition was used to make
TN-LCD having cell thickness d of 2.5 pym and display
characteristics thereof were measured. A liquid crystal
display device having a threshold voltage of 1.19 V and a
response speed of 2.8 msec. was obtained.

(Example 21)
A nematic¢ liquid crystal composition (3-21) was prepared

from



(3-2101)

310

(3-2102) \_/—O- c=C —@— C,H,

(3-2103)

(3-2104)

(3-2105)

(3-2106)

(3-2107)

DD F
C,H, —Q—Q C=C @- C,H,
D F
o~ omo{ T
F F
o~ oo
F F
CJH7CEG-QF
F
DD F F
o, < ~Cp-o=cT)-r
D F

: F F F
(3-2109) CaH7 EC@_F
F

and various properties of this composition were measured.

results are as follows.

Physical properties of the liquid crystal composition

5 Ty-1

Ty

99.4°C

-40. °C

Ag

An

n

7.2

0.283

29.§»cp

15 wth

15 wth

15 wth

15 wtk

15 wth

10 wt%

5 wth

5 wtk

5 wth

18 MAR 2003
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10 Reliability characteristics of liquid crystal composition

Resistivity before heating acceleration test: 4.2 x 10%?

m—
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Q*cm
Resistivity after heating acceleration test: 1.3 x 10%? Q-

cm

Voltage holding ratio before heating acceleration test:
98.5%

Voltage holding ratio after heating acceleration test:
97.9%
Display charagteristics of the TN-LCD having a twist angle of

90 degrees (cell thickness 8 pm):

vth 2.14 v
Y : 1.14
Tr=1d : 34.1 msec

This nematic liquid crystal composition is capable of
operating over a wide range of temperatures because Ty-:r is
high and T.y is8 low, and has such features as the capability to
improve the response characteristic because the viscosity n is
low or the value of An is larger in comparison to the
viscosity n.

Alsoc because this nematic liquid crystal composition has
high resistivity and high voltage holding ratio after the
heating acceleration test, it can be understood that high
thermal stability is ensured. The active matrix liquid
crystal displéy device that employs this composition as the
basic constityent material has excellent characteristics with

less leak current without occurrence of flicker.

This_nematic liquid crystal composition further shows a

—

b
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value of optical sharpness near 1.12 that is the limit of TN-
LCD liquid crystal shown in the literature “High-speed Liquid
Crystal Technology” (p.63, CMC Publication). Thus it can be
understood that this liquid crystal composition is useful for
high-frequency multiplexing drive.

This nematic liquid crystal composition was used to make
TN-LCD having cell thickness d of 1.8 um and display
characteristiqé thereof were measured. A liquid crystal
display device having a threshold voltage of 1.82 V and a
response speed of 2.4 msec. was obtained.

In the same manner as in the case of the nematic liquid
crystal composition (3-21), except that the compound (2-21-01)
was used in place of the compound (3-2108) described below in
the nematic liquid crystal composition (3-21) of this Example,
a nematic liquid crystal composition (3-21-01) was prepared.
Also in the same manner as in the case of the nematic liquid
crystal composition (3-21), except that the respective
compounds (2-21-02) to (2-21-21) described below were used in
place of the compound (3-2108) in the nematic liquid crystal
composition (3-21) of this Example, nematic liquid crystal
compositions (3-21-02) to (3-21-21) were prepared. Also in
the same manner as in the case of the nematic liquid crystal
compositién (3-21), except that the respective compounds (2-
21-22) to (2-21-31) described below were used in place of the
compouna (3-2109) in the nematic liquid crystal composition

(3-21) of this Example, nematic liquid crystal compositions'

T—— ——

(3-21-22) to (3-21-31) were pfepared.

——
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The display characteristics of these nematic liquid
crystal compositions (3-21-01) to (3-21-31) showed good

results, similar to this Example.

18 MAR 2003
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(2~-21-25) (2-21-29) !
C3HC q CsH
(2-21-26) (2-21-30)
cgkh—iﬂigilgiijEEC (:j C3H7—4I'ilit”c
(2~21-27) (2-21-31) £
C3HEC q ) C3H
(2-21-28)
CH QQ — Q
(Example 22)

A nematic liquid crystal composition

from

(3-22)

18 MAR 2003

was prepared
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(3-2201)

results are as follows.

Physical properties of the liquid crystal composition

Ty-1 ¢ 89.4°C
Tx -70. °C
pe 8.7

An  : 0.166

H, =) ¢
, 00 CN
F
(3-2203)  GM, -@ o0 —@— CN
(3-2208)  CH,, CN
=N

(3-2205) C.H,, —<\: N)—Q CN
(3-2206) CH,, -—@— c=c -@— OC H,
(3-2207) C,H, -—@ c=¢C @— OC,H,
(3-2208) //—O—D‘ CH,,
(3-2209) //—O—O—@—
(52210 OO0~
(3-2211) CH, —O—@— c=cC —@— C,H,
(3-2212) C.H, —O— coo—@— c

and various properties of this composition were measured.

10 wth

5 wth

5 wth

5 wtk

5 wth

10 wt

10 wth

20 wth

13 wt%

7 wth

5 wth

5 wth

18 MAR 2003

The

Display characteristics of the TN-LCD having a twist angle of

90 degrees (cell thickness 6 um):

Vth 2.07 Vv

\% : . 1.15%

S——
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Display characteristics of the STN-LCD having a twist angle of

240 degrees

Vth 2.35 V

% : 1.028

A(Vth) /4 (T) : 2.8 mvV/°C (T=5 to 40°C)

Tr=1d : 88. msec. (When driven with duty ratio of
1/240)

In the same manner as in the case of the nematic liquid
crystal composition (3-22), except that the compound (2-22-01)
described below was used in place of the compound (3-2202) in
the nematic liquid crystal composition (3-22) of this Example,
a nematic liquid crystal composition (3-22-01) was prepared.
Also in the same manner as in the case of the nematic liquid
crystal composition (3-22), except that the respective
compounds (2-22-02) to (2-22-10) were used in place of the
compound {(3-2202) in the nematic liquid crystal composition
(3-22) of this Example, nematic liquid crystal compositions
(3-22-02) to (3-22-10) were prepared.

The display characteristics of these nematic liquid
crystal composgitions (3-22-01) to (3-22-10) showed good
results, similar to this Example. Particularly, the nematic
liquid crystal compositions (3-22-04) to (3-22-07) exhibited

the reduced driving voltage of about 1.8 V.,
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(2-22-01) (2-22-06)

R Sy S a8

18 MAR 2003

(2-22- 02) (2-22-07)
(2-22-03) (2-22-08)
C4Hr“_c O_d_c C4H CQ O_d_c

(2-22-04) (2-22- 09)

(2-22-05) (2-22-10)
g .

(Example 23)

A nematic liquid crystal composition

from

(3-23)

@N

was prepared



(3-2301)

(3-2302)

(3-2303)

(3-2304)

(3-2305)

(3-2306)

(3-2307)

(3-2308)

(3-2309)

(3-2310)

(3-2311)

and various properties of this composition were measured.

319

DD
F
) F F
g W
F

(Example 24)

A nemati¢ liquid crystal composition

from

10 wt%

10 wtk

10 wth

10 wt%

10 wth

10 wth

10 wt%

10 wt%

10 wth

5 wth

5 wth

18 MAR 2003

was prepared
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(3-2401) C,H

F
(3-2402) CH, —Q— co0
F

F 10 wt%

CN 5 wt%

F
(3-2403) CH, OQ O ON 5 wik

DD F
(3-2404) C.H, F 5 wtk
DD F
- DD F
@20 o< ) ) )F 10 wth
D F
D F F
(3-2406) CH, OQ O Q 10 wt%
F
DD F F
(3-2407) CH, —D——Q—@— F 7wtk
ppl FF
F F

(3-2409) G, _O_Q_ 0=0C Q_ E 10 wth
} CH 8 wtk
(3-2410) aH, CEC_@_F

DD F F

(3-2411) 03H7—C>—Q—CEC—®— 10 wt%
(3-2412) ocF, 10 wis

and various properties of this composition were measured. The

results are as follows.

Physical properties of the liquid crystal composition

TN-—I S 74.1°C
T_.N . -70. OC
Ae ——14.3
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An : 0.1%1
Display characteristics of the TN-LCD having a twist angle of

90 degrees (cell thickness 6 um):

vth 1.08 v
5 v : 1.15
(Example 25)

A nematic liquid crystal composition (3-25) was prepared

from
F
(3-2501) C,H, -—@— co0 —@ CN 8 wth
F
(3-2502) CH, ’—Q— CO0 —@— CN 5 wtk
F
(3-2503) CH, -@— CO0 —O- CN 16 wt%
F
(3-2504) CH,, ~©— CO0 —@- CN 7 wth
F F
(3-2505) C,H, -—Q CO0 —O CN 5 with
F
F F
(3-2506) Gty co0 CN 5 wtt
F
(3-2507) //—‘D—O CgHy, 10 wt%
F
(3-2508) /O—O_@— F 17 wtk

(3-2509)  GH, c=0 —@— CH, 7 wth
(3-2510) G H, o==0 .Q_ CH, 6 wik
(3-2511)  CH, —<:>—<:>— o0 _Q_Q CH, 7w
(3-2512) G, —O—O— 00 —O—O- op, 7w

10 and various properties of this composition were measured. The
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results are as follows.

Physical properties of the liquid crystal composition

Ty-1 92.1°C
T : -41. °C
pe 19.2

An : 0.145

Display characteristics of the TN-LCD having a twist angle of
90 degrees (cell thickness 6 um):
Vth 1.00 V
% : 1.13
Display characteristics of the STN-LCD having a twist angle of
240 degrees
vth 1.08 Vv
Y : 1.036

This nematic liquid crystal composition shows a value of
optical sharpness near 1.12 that is the limit of TN-LCD ligquid
crystal shown in the literature “High-speed Liquid Crystal
Technology” (p.63, CMC Publication). Thus it can be
understood that this liquid crystal composition is useful for
high—frequencyrmultiplexing drive.
(Example 26)

A neﬁétig liguid crystal composition (3-26) was prepared

from
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(3-2601) /—O—Q—Q F

(3-2602) CH, @—O—Q—

(3-2603) C,H

DD
(3-2604) C,H, —Q CH, —Q—Q
F

F

(3-2605) C,H

D
(3-2606) C.H, OQ O

(3-2607) CH

(3-2608) C.H, -Q— C,H,
DD

(3-2609) C,H

3-2610
wwo SO~

F
(3-2611) CH,

:

O~

(3-2612) F

and various properties of this composition were measured. The

results are as follows.

Physical properties of the liquid crystal composition

TN—I : __81.0°C

—

————

7 wth

7 wth

7 wt%

7 wt%

13 wth

8 wt%

7 wth

7T wth

6 wth

10 wth

14 wth

7 wth

16 MAR 2003
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T_x -70. °C
Ag : 8.6
An 0.120

Reliability characteristics of liquid crystal composition

Resistivity before heating acceleration test: 2.0 x 10%3
Q- cm

Resistivity after heating acceleration test: 6.3 x 10*? Q-
cm

Voltage holding ratio before heating acceleration test:
99.2%

Voltage holding ratio after heating acceleration test:
98.6%
Display characteristics of the TN-LCD having a twist angle of

90 degrees (ce&ll thickness 6 uym):

vth 1.44 Vv
% : 1.15
Tr=1d : 50. msec

This nematic liquid crystal composition is capable of
operating over a wide range of temperatures because Ty.r is
high and T.y i® low, and has such features as comparatively
good response_characteristic even at low driving voltage.

Also becguse this nematic liquid crystal composition has
high resistivity and high voltage holding ratio after the
heating accelé@ration test, it can be understood that high

thermal stability is ensured. The active matrix liquid

crystal display device that employs this composition as the

—
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basic constituent material has excellent characteristics with
less leak current without occurrence of flicker.
(Example 27)

A nematic liquid crystal composition (3-27) was prepared

from
DD F
(3-2701)  C,H, ‘Q—Q c=C -@— F 10 wth
D F
F
(3-2702) G, % c=¢C —Q F 10 wi
F
DD F F
(3-2703)  CH, GC}— o=0 —@— F 10 wi
D F
DD F
(3-2704)  CH, —Q—@— C=0 -@— 5 wik
D F
F F
(3-2705)  CH, c=c ~®— F 10 wtk
F F
(3-2706)  G,H, C=C -Q F 5 wtk
F
(3-2707) CH, O O O ON 10 ik
.
(3-2708)  CH, —O—@- co0 _Q oN 10 with
F
(3-2709)  GH, coo —O CN 10wk
- F

(3-2710) C4H9—O—®-COO —O—CN 10wk
F F
o)
(3-2711) g ’—@—ooo—@—cm 10 wk

and various properties of this composition were measured. The

TT—— . ——

results_are as follows.
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Physical properties of the liguid crystal composition

Tu-1  ° 164.1°C
T _x : -50, °C
Ae : 30.4
An : 0.254

Display characteristics of the TN-LCD having a twist angle of
90 degrees (cell thickness 8 pm):
vth 1.23 V
Y : 1.16

This nematic liquid crystal composition is capable of
operating over a wide range of temperatures because Ty-1 1S
high and T is low.
(Example 28)

A nematic liquid crystal composition (3-28) was prepared

from
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(3-280) gy _Q_ o=0 _@_ 20 wih
(3-2802) G, .Q_ c=0 _Q OC A, 10 wih
(3-2803) G H,, _Q_ c=¢c _@ OCH, 5 wikh
(3-2808) G, _O_@ o=c~_)-CH, 7wt
(3-2805) G M, —O—@ c=0C 8 wtk
(3-2808)  CH, w c=C 10 wt

=N
(3-2807) C,H, —<\: Nf)—O- CN 6 wit%
=N
(3-2808) CSHH '—<\: N)_—©_ CN 7 wi%
F F
(3-2810) _//—<:>—©~ CN 10 wtk
(3-2811) \_/—O—Q— CN 10 wtk

and various properties of this composition were measured. The
results are as follows.

Physical properties of the liquid crystal composition

Ty-1 72.1°C
Tx ¢ -70., °C
Ag : 99

An : —0.228

Display characteristics of the TN-LCD having a twist angle of

90 degrees (cell thickness 8 um):

Vth :  1.69 V
4 : 1.15
1r=1d _“_—: 34. msec T -
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(Example 29)
A nematic liquid crystal composition (3-29) was prepared

from

(3-2902)  G,H
Hy ‘%_Q ocF, 25 wth
: F

F

(3-2904) C,H, ‘O—‘Cb_@ F 20 wt%
F

(3-2005)  CH, 0%_@ i 20 wtk

and various properties of this composition were measured. The
results are as follows.

Physical properties of the liquid crystal composition

Ty-1 ¢ 83.5°C
T~ ¢ -70., °C
Ae : 4.5

An : 0.073

Reliability characteristics of liquid crystal composition

Resistivity before heating acceleration test: 1.2 x 10%3

grcm

Resistivity after heating acceleration test: 7.7 x 10'? Q-

cm
Voltage holding ratio before heating acceleration test:
99.8%

VdIEEge holding ratio after heating acceleration test:

—
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98.8%
Display characteristics of the TN-LCD having a twist angle of
90 degrees (cell thickness 6 um):
Vth 1.79 v
% : 1.284

The nematic liquid crystal composition is, despite of
being composed of five kinds of components, capable of
operating over a wide range of temperatures because Ty-r is
high and T-y is low, and has a low driving voltage compared to
the value of dielectric constant anisotropy Ae, and is
therefore capable of operating even for high resclution
display corresponding to a large duty number. Also because
this nematic liquid crystal composition has high resistivity
and voltage holding ratio after heating acceleration test, it
can be understood that high thermal stability is ensured. The
active matrix liquid crystal display device that employs this
composition as the basic constituent material has excellent
characteristics with less leak current without occurrence of
flicker.

In the same manner as in the case of the nematic liquid
crystal composition (3-29), except that the compound (2-29-01)
described below was used in place of the compound (3-2903) in
the nematic liquid crystal composition (3-29) of this Example,
a nematic liquid crystal composition (3-29-01) was prepared.
Also in'the same manner as in the case of the nematic liquid

crystal composition (3-29), except that the respective

T — ————

compounds (2-29-02) to (2—29—12) were used in plazé of the

—
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compound (3-2901) in the nematic liquid crystal composition
(3-29) of this Example, nematic liquid crystal compositions
(3-29-02) to (3-29-12) were prepared. Also in the same manner
as in the case of the nematic liquid crystal composition (3-
29), except that the respective compounds (2-29-13) to (2-29-
15) were used in place of the compound (3-2903) in the nematic
liquid crystal composition (3-29) of this Example, nematic
liquid crystal compositions (3-29-13) to (3-29-25) were
prepared.

The display characteristics of these nematic liquid
crystal compositions (3-29-01) to (3-29-25) showed good
results, similar to this Example. Particularly, the nematic
liquid crystal compositions (3-29-01), (3-29-13), (3-29-16),
(3-29-19), (3-29-22) and (3-29-25) exhibited the reduced

driving voltage of about 1.5 V.



(2-29-01)

(2-29-02)

(2-29-03)

(2-29-04)

(2-29-05)

(2-29-06)

(2-29-07)

(2-29-08)

(2-29-09)

(2-29-10)

(2-29-11)

(2-29-12) 7/

(2-29-13)

J
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< 2 (2-29-21) C3H
\L—/_ﬁ<::z:>»—<:j}ﬂi (2-29-22) CsH7
UQ}—Q—F (2 29- 23) CsH

S

(2-29-14) C3HT_<::z:j>—<::>—c1
(2-29-15) C3HT‘<:1t:>_4<:éi{H

(2-29-16) Cs3Hs

1

(2-29-17) C3H7—<::Z::>_<::>_C
F3

(2-29-18) ch7—<::z:j>_<::§lC
F3

(2-29-19) Cs3H7

(2-29-20) CaHv‘Q:>_©_O

18 MAR 2003

CFoH

CsHs C
3 ‘Q}C%r (2-29-25) 3H%CF2H

(Comparative Example 6)

In order to demonstrate the superiority of the present

invention, a mixed liquid crystal

(b-06)

made by substituting

the liquid crystal component A of the nematic liquid crystal

composition

Specifically,

(3-29)

the decahydronaphthalene—Z,6:azyl group is substituted with

S

described above with another compound.

the compound was replaced by a compound in which
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the 1,4-cyclohexylene group. The results are as follows.

(b-0601)  CH, ——O—O— F 25 wit
(b~0602) CH, —O—O— OCF, 25 wt%
F

(b-0603)  GH, —O—O— F 10 wts
F

(b-0604) G, O—O—@- F 20 wtk
F

(b-0805)  C,H, —O—O—@» F 20 wt%

The mixed liquid crystal (b-06) is composed of the

components described above.

Physical properties of the liquid crystal composition

Ty-1 @ -4°C

Ag : Impassible to
An : Impassible to
n : Impossible to

Display charac¢teristics

measure
measure
measure

of the TN-LCD having a twist angle of

90 degrees (cell thickness 6 um):

vth Impossible to
% : Impéssible to
Tr=1d: Impassible to

Display charac¢teristics

240 degrees

measure
measure
measure

of the STN-LCD having a twist angle of

Vvth Impassible to measure
Y :  Impossible to measure
A(Vth) /A(T): Impossible to measure
Ir=Id:_;__Impéssible to measure

———— —
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The mixed liquid crystal (b-06) can not be used within a
normal temperature range because it has a nematic phase at 0°C
or lower, wwhile the nematic liquid crystal composition (3-29)
of the present invention has such a feature as to operate over
a wide range of temperatures because Ty-;1 is high and T.y is
low, and has axcellent co-solubility.

(Example 30)
A nematic liquid crystal composition (3-30) was prepared

from



' F
(3-3001) 03H7 ‘QD—Q
F
F F
(3-3002) CgHy, ‘%_Q .
(3—3003) csH”
F

(3-3006) G,H, —O—Q—Q- F
(3-3007) CH, _O_O_Q‘ F

(3-3008) CH

(3-3010) /_CC_Q

(3-3011) C,H, —-'O—czm —Q—O—O— F
(3-3012) CH, —'<:>—czn-|4 —Q—O—@— F

10 wth

10 wth

10 wtk

10 wtk

10 wt%

5 wth

5 wth

5 wth

5 wth

10 wtk

10 wtk

10 wth

18 MAR 2003

and various properties of this composition were measured. The

results are as follows.

Physical propérties of the liquid crystal composition

TN—I . 95.Q°C
T_,N . - -70. OC
Ae  : 6.9

An  :  0.080
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Resistivity before heating acceleration test: 9.9 x 10°*

Resistivity after heating acceleration test: 5.3 x 10%% Q-

cm

Voltage holding ratio before heating acceleration test:
99.1%

Voltage holding ratio after heating acceleration test:
98.5%
Display characteristics of the TN-LCD having a twist angle of
90 degrees (cell thickness 6 um):
Vth : 1.38 Vv
Y : 1.281

The nematic liquid crystal composition is capable of
operating over a wide range of temperatures because Ty-1 is
high and T.y is low, and has a low driving voltage compared to
the value of dielectric constant anisotropy Aeg, and is
therefore capable of operating even for high resolution
display corresponding to a large duty number. Also because
this nematic liquid crystal composition has high resistivity
and voltage holding ratio after heating acceleration test, it
can be understood that high thermal stability is ensured. The
active matrixiliquid crystal display device that employs this
composition as the basic constituent material has excellent
characteristics with less leak current without occurrence of
flicker.
(Examplé_3l)

—
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A nematic liquid crystal composition (3-31) was prepared

from
(3-3101) 03H7—Q_—_>_©_ 15 wt¥
F
(3-3102) G H
’ H—Cb_Q_OCFa 15 wik
) F
(3-3103 C,H
sHis ‘Q}_QOCFG 10 wik
F
F

DD
F
D
DD
F
(3-31085) CeH,, - . 5 wi%
D

DD
FF
D
OO~

(3-3107) , / 15 wtk
DD
(3-3108) //—D—O—O—\_/ 10 wik
DD DD F
DD

and various properties of this composition were measured. The
results are as follows.

Physical properties of the liquid crystal composition

Ty-1 _86.2°C
Tx -70.. °C
Ae : 4.9

An : - 0.089

n : 28.9 c.p.

ReSTstivity before heatimg acceleration test+ 1.0 x 10%°

—
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Qrcm

Resistivity after heating acceleration test: 7.6 x 10% Q-
cm

Voltage holding ratio before heating acceleration test:
99.2%

Voltage holding ratio affer heating acceleration test:
98.6%
Display characteristics of the TN-LCD having a twist angle of

90 degrees {(cell thickness 6 um):

vth 1.69 V
% : 1.251
Tr=1d: 42 .1 msec

The nematic liquid crystal composition is capable of
operating over a wide range of temperatures because Ty.r 1S
high and T.y is low, and has a low driving voltage compared to
the value of dielectric constant anisotropy Aeg, and is
therefore capable of operating even for high resolution
display correSponding to a large duty number. Also because
this nematic liquid crystal composition has high resistivity
and voltage helding ratio after heating acceleration test, it
can be understood that high thermal stability is ensured. The
active matrix liquid crystal display device that employs this
composition as the basic constituent material has excellent
characteristiés with less leak current without occurrence of

flicker.

(Example _32)
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A nematic liquid crystal composition (3-32) was prepared

from
DD
F
(3-3201) C,H, :
DD pbD
(3-3202) C.H,,
OCF,
DD
. DD
F
(3-3203) C,H, -
DD
DD F
F
(3-3204) C.H,,
F
DD
DD F
F
(3-3205) C,H, .
pp DD
F
(3-32086) CH, .
D
b DD

F
(3-3207) C.H,, —O—%_O
F
D

(3-3208) /—O—O‘ GgHyy

(3-3209) Cﬁ,%
DD N

10 wtk

10 wth

10 wth

10 wt¥%

15 wth

10 wth

15 wth

10 wt%

15 wth

and various properties of this composition were measured. The

results are as follows.

Physical properties of the liquid crystal composition

Ty-1 ¢ —86.3°C
Tx -70. °C
Ne P 4.2

An : 0.067

Resistivity before heating acceleration test: 5.0 x 10"
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Resistivity after heating acceleration test: 8.8 x 10% Q-

cm

Voltage holding ratio before heating acceleration test:
99.6%

Voltage holding ratio after heating acceleration test:
99.5%
Display characteristics of the TN-LCD having a twist angle of
90 degrees (cell thickness 6 pm):
vth 2.29 V
\Ys : 1.284

The nematic liquid crystal composition is capable of
operating over-a wide range of temperatures because Ty-1 is
high and T-y is low, and has a low driving voltage compared to
the value of dielectric constant anisotropy Ag, and is
therefore capable of operating even for high resolution
display corresponding to a large duty number. Also because
this nematic liquid crystal composition has high resistivity
and voltage holding ratio after heating acceleration test, it
can be understood that high thermal stability is ensured. The
active matrix liguid crystal display device that employs this
composition as the basic constituent material has excellent
characteristics with less leak current without occurrence of
flicker.
(Example 33)

A hematic liquid crystal composition (3-33) was prepared

Pm— -



from

(3-3301)

(3-3302)

(3-3303)

(3-3304)

(3-3305)

(3-3306)

(3-3307)

(3-3308)

(3-3309)

(3-3310)

340
DD
F F
o)
e
DD
F
DD
F F
DD _
DD F
F F
o . v,
F
DD
DD F
F F
o~ )
o (O )-F
DD
DD E
DD
DD
F
F
DD
DD F

DD
F
CH
2y F
DD
DD F

DD D D
\_/—O‘Q—\_/
DD

10 wth

10 wth

10 wt%

5 wth

10 wth

10 wt%

10 wt

10 wt%

10 wt%

15 wtk

18 MAR 2003

and various properties of this composition were measured. The

results are as follows.

Physical properties of the liquid crystal composition

Ty-1 . 71.4°C
T_.N . —70. oC
Ag : 8.1
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An : 0.089

Voltage holding ratio before heating acceleration test:
99.0%

Voltage holding ratio after heating acceleration test:
98.8%
Display characteristics of the TN-LCD having a twist angle of
90 degrees (céll thickness 6 um):
vth 1.lé A
% : 1.256

The nematic liquid crystal composition is capable of
operating over a wide range of temperatures because Ty-r is
high and T-y is low, and has a low driving voltage compared to
the value of dielectric constant anisotropy Ag, and is
therefore capable of operating even for high resolution
display corresponding to a large duty number. Also because
this nematic liquid crystal composition has high resistivity
and voltage holding ratio after heating acceleration test, it
can be understood that high thermal stability is ensured. The
active matrix liquid crystal display device that employs this
composition as the basic constituent material has excellent
characteristigs with less leak current without occurrence of
flicker.

The following nematic liquid compositions are prepared.

In the same manner as in the case of the nematic liquid
crystal-composition (3-33), except that the respective

compounds (2—33—01) to (2-33-71) described below were used in

T —— et

place of the compound (3-3303) in the nematic liqaid crystal

—
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composition (3-33) of this Example, nematic liquid crystal
compositions (3-33-01) to (3-33-71) were prepared. The
display characteristics of these nematic liquid crystal
compositions (3-33-01) to (3-33~71) showed good results,

similar to this Example.



(2-33-01

)

(2-33-02)

(2-33-03)

Catir< ) O Coon
(2-33-04) -

(2-33-05)

OB
o O -0
O e

Nacasasee

(2-33-10)

G
C3Hj

(2—3;—12 Q O k

(z—iiﬁ .Q )-ocr:
CH7—.—~ .

(2—3;—14 O O oo

C3HCF3
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(2-33-15)

CsHr<_) .Q Q )-OCF:H

(2-33-16)

CaHr_) .Q § )-OCF:H
(2-33-18)

(2-33-19)

S
T

O
Y
jay

(2-33-20)

(2-33-21)

CgH;
(2-33-22)

C7H,;
(2-33-23)

CoHs50 . .Q O
(2-33-24)

C3H;0 . .O Q
(2-33-25)

C4HgO . .Q Q

(2-33-26)

.
&
9



(2-33-27)
CeHis
(2-33-28)
C7His
(2-33-29)
CoHsCO
(2-33-30)
C3H,CO
(2-33-31)
C4HoCO
(2-33-32)
CsH:CO
(2-33-33)
CeH13CO
(2-33-34)
C7H15CO

(2-33-35)

0~_) ‘lﬂzls C)
ASASaty
o~_) “l%lp )+

£iEf

O A
AOASaTe
O AL
LG
ASASaTe

£RS

0
&
O
A
T

(2-33-36)

(2-33-37)

0
=
@)
9
T

(2-33-38)

CH30CHg~ ) <‘|Qz!> 0

sHele
S E &
e
>

&
5
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(2-33-39)
CH;0CsH i~ ) <‘|Qi!> S

(2-33-40)
C3HsOCH

£

(2-33-41)
CoHsOCHI ) {l%!> S
(2-33-42)
CoHs0CsHg< ) .Q S
(2-33-43)
CoHs0CHg~ ) ‘IQI!> S
(2-33-44)
CzHs0CsHe

£

(2-33-45)
CsHOCHz~ ) ‘IQI!b S
(2-33-46)
CsH70CH ) ‘qu!b S
(2-33-47)
CsH7OCsHs~< ) .Q S
(2-33-48)
CsHrOCHg~ ) 4"%!b S
(2-33-49)
C3H7OCsH g

5

355

(2-33-50)
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(2-33-51) (2-33-62)

y . .O O CH3CH=CHC2H,0 . 'Q O
(2-33-52)

(2-33-63)

y . .O Q CH2=CHC2H5CH=CH .Q O
(2-33-53) (2-33-64)
/ () Q S ) -CHF=CH<_ ) .Q )
\ /_. .Q ) CH ﬂ (_i
2=C . .
(2~33-55) Q Q

(2-33-66)

CF2=CH—._~ () ‘F
(2-33-56) Q O

aYatal & ) il
9284 %

(2-33-68)

CHyp=CHO~ ) .Q S CHF=CHCHr~ ) .Q 9.
(2-33-69)

CHyCH=CHO~ ) .Q () cHecrcHr ) .Q S

—

(2-33-59) (2-33-70)

CoHsCH=CHO . .Q O CF,;=CHC,Hjz ' .Q Q
(2-33-71)

CsHyCH=CHO .Q (S cHr=crCH—) .Q e

(2-33-61)

Example 34)

A nematic liquid crystal composition (3-34) was prepared

from

——— ———

——
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(3-3401)  CH F 15 wtk

<
(3-3402) C H, C=cC -O— F 15 wtk
<r

(3-3403)  CH,, c=c¢c F 15 wit
DD
F
R 600 5 U (R
D D
DD F
( | F F
3-3405 C,H, . O 5 wik
F
DD g i

-n

=C '<_=_>- F 10 wt¥
EEG~<:>F— 15 wth
F
(3-3408)  GH, ~C>—Q c=c~_)— 13 wik
F F
(3-3409) cH,—~ Y~ > )< )-F 2 wik

and various properties of this composition were measured. The

(3-3406) C.H

(3-3407) C,H, -

results are ag follows.

Physical properties of the liquid crystal composition

Tn-1  © 100.2°C
TN -40. °C
Ag : 7.1

An : 0.268

Voltage holding ratio before heating acceleration test:
98.9%

Voltage holding ratio afifer heating acceleration test:

—
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98.0%

Display characteristics of the TN-LCD having a twist angle of
90 degrees (céll thickness 6 pm):

vth 2.09 Vv

% : 1.148

The nematic liquid crystal composition is capable of
operating over a wide range of temperatures because Ty-; is
high and T-y is low, and also has a large value of An, and is
therefore capable of improving the response speed. Also
because this nematic liquid crystal composition has high
resistivity and voltage holding ratio after heating
acceleration test, it can be understood that high thermal
stability is ensured. The active matrix liquid crystal
display device that employs this composition as the basic
constituent material has excellent characteristics with less
leak current without occurrence of flicker.

This nematic liquid crystal composition shows a value of
optical sharpness near 1.12 that is the limit of TN-LCD liquid
crystal shown in the literature “High-speed Liquid Crystal
Technology” (p.63, CMC Publication). Thus it can be
understood that this liquid crystal composition is useful for
high-frequency multiplexing drive.

This-nemdtic liquid crystal composition was used to make
TN-LCD having -cell thickness d of 1.9 pm and display
charactéristics thereof were measured. A liquid crystal

display device having a threshold voltage of 1.67 V and a

T — ——— ——

response speed of 2.6 msec. was obtained.

P——
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The following nematic liquid compositions are prepared.

In the same manner as in the case of the nematic liquid
crystal composition (3-34), except that the respective
compounds (2-34-01) to (2-34-38) were used in place of the
compound (3-3404) in the nematic liquid crystal composition
(3-34) of this. Example, nematic liquid crystal compositions
(3-34-01) to (3-34-38) were prepared. The display
characteristics of these nematic liquid crystal compositions
(3-34-01) to (3-34-38) showed good results, similar to this

Example.

ih



%

(2-34-01)
CsH

g

(2-34-02) RP
CsHr~ )
(2-34-03) N D
CsH
A
(2-34-04) .
CsH

(2-34-05) 5 b

CsH
Y

D D
(2-34-06)

CsH
=aveYe

(2-34-07)
C3H(

g

(2-34-08)
CsHz ‘I&ilb Qi”
(2-34-09)
HS )
(2-34-10)

C :
sH ‘I%!D> Qib

(2-34-11)
CsH

154

S

;

349
(2-34-12)
HHN
(2-34-13) Q
C3H7"<Il!!§~—4iiE—F
(2-34-14)

ey

(2-34-16)

(2-34-17)
L)
(2-34-18)
Do
(2-34-19)
Dol

(2-34-20)

(2-34-21)
CBHrC@CHZ>
(2-34-22)

18 MAR 2003
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5

350
(2-34- 23) (2-34-32)
o Qo
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ch»—~ - ‘
(2-34- 25 A . .? QQ W,

CsH Q =c :é (2-34-39)
(2-34-26) CsHr<_) QQ 0

CBH (2-34-3

5)
(2-34-27) C3HY_<§§CH2 3 Cé_F
O i

(2-34-29)

(2-34-30) (2-34-38)

CH LN

(2-34-28) o '. .E E
ECQ_} (2-34-37)
*—5;%‘3“2

w s X )
(2-34-31) 3 i :} q ‘

C3H

(Example 35)
A nematic liquid crystal composition

from

(3-35)

was prepared
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(3-3501) CH, % oN

(3-3502) _//—O—Q— CN

(3-3503) CH, —O— coo —@— CN

(3-3504)  C,H,, —@- CO0 —Q CN

(3-3505)  C.H,, CN
=N

6-3508) O, N»—@ oN

(3-3507) C,H,, —@- c=cC —@— OC,H,

(3-3508) CH, —-@— c=0C —@- OC,H,

(3-3509) /—O—O‘ CH,,

sy ~XOX O~

(3-3512) CH, —O—@— c=cC —@— C,H,

(3-3513) CH, —O— coo—@- c=cC —@— C,H,

5 wth

5 wth

5 wtk

5 wth

5 wth

5 wtk

10 wthk

10 wt%

20 wt%

13 wt%

7 wth

5 wth

5 wth
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and various properties of this composition were measured. The

results are as follows.

Physical propdrties of the liquid crystal composition

Ty-1 87.5°C
Tn -70. °C
Ag : 9.8

An : - 0.1e62

Display characteristics of the TN-LCD having a twist angle of

90 degrees (cell thickness 6 m):

—
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Vth 1.8 V
\ : 1.16
Display characteristics of the STN-LCD having a twist angle of

240 degrees

vth : 1.99 v
Y : 1.021
A(Vth) /A(T) : 2.2 mV/°C (T=5 to 40°C)

The STN liquid crystal display device having a twist
angle of 240 degrees exhibited small concentration dependency
of the driving voltage and fast response characteristics and
also exhibited display characteristics which are superior in
high-frequency time division characteristic due to sharpness.

The following nematic liquid compositions are prepared.

In the same manner as in the case of the nematic liquid
crystal composition (3-35), except that the respective
compounds (2-35-01) to (2-35-90) described were used in place
of the compound (3-3501) in the nematic liquid crystal
compesition (3-35) of this Example, nematic liquid crystal
compositions (3-35-01) to (3-35-90) were prepared. The
display characteristics of these nematic liquid crystal
compositions (3-35-01) to (3-35-90) showed good results,

similar to this Example.



(2-35-01)

(2-35-02)
CsHi

(2-35-03)

Oy

(2-35-04)

(2-35-05)

Oy

JQ}@

(2-35-06)

(2-35-07)
CsHy

#&

(2-35-08) :

(2-35- 09)

(2-35-10)
M

(2-35-11)

(2-35-12)
CsH;

(2-35-13)

353

(2-35-15)

\ N
(2-35-16)

Cﬁir% ?:} (:j .

(2-35-17) é
CsHy N
(2-35-18)
/ N
(2-35-19)
/ N
(2-35-20)
\ é — —CN
(2-35-21) é ;
CsH N
(2-35-22) é ;
CsHi N
(2-35-23)
/ N
(2-35-24)
/ N

(2-35- 25)

(2-35- 26)

(2-35- 27) ;i; E
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(2-35-28) QP

(2-35-33) :
Ao

(2“35—34) 0D
N
[

(2-35-35)

(2-35-36) :
(2-35-37) ?
CsHig

(2-35-38)

D
(2-35-31) DD
(2-35-32) B
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(2-35-40)
\‘-—’ : f—< ;—(IN
(2-35-41)
CS“%N
(2-35-42)
(2-35-43)
/7 <:2 ;-( g}CN
(2-35-44)
(2-35-45) ::E E
\ N
(2-35-46)
CaH%N
(2-35-47)
(2-35-48)

/%N
(2-35-49)
/ N

(2-35-50)
\‘—' : Z>—< >—CN
(2-35-51)
C‘*“fQ;gdw
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(2-35-52) © b (2-35-64)
CSHlN %N

(2-35-54) - (2-35-66)
G e

(2-35- 55) & (2-35-67)
Cﬁ“lﬂi@%

(2-35-56) (2-35-68)

(2-35- 57) (2-35-69)

(2-35-58) 7 D (2-35-70)
/ Q %( E—c \_/ Q E—-{ §—CN

(2-35- 59) (2-35-71)

. Q
(2-35- 60) D (2-35-72)
‘DD

(2-35-73)

%N
(2~35-74)

I%N
(2-35-75)

\_/ Q §—< £—CN




(2-35-76)
CsH ‘I%I"

(2-35-77) —

Lo

(2-35-78)

O

(2-35-79)

9

4

(2-35-80)

(2-35-81)
C3H Q.
(2-35-82)

Lo

(2-35-83) ’

g

_‘
g

(Example 36)

3

56
(2-35-84)
o
(2-35-85)
VAl g Wy o
(2-35-86)

(2-35-87)

Lo

(2-35-88)

- Chon

(2-35-89)

O

(2-35-90)

e WG

18 MAR 2003

A nematic¢ liquid crystal composition (3-36) was prepared

from

}



(3-3601)

(3-3602)

(3-3603)

(3-3604)

(3-3605)

(3-3606)

(3-3607)

(3-3608)

(3-3609)

(3-3610)

(3-3611)

(3-3612)

(3-3613)

and various properties of this composition were measured.
results are as- follows.

Physical properties of the liquid crystal composition

Ty-1
T—wN
Acg

An

84.5°C
-70."
20. 4

. 0.133

°C

8 wth

5 wtk

16 wth

7 wth

8 wtk

3 wth

7 wth

3 wth

8 wth

19 wtk

6 wth

6 wtk

4 wth

18 MAR 2003
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Display characteristics of the TN-LCD having a twist angle of
90 degrees (ceilll thickness 6 pm): |
Vth 0.82V
\ : 1.27

Display characteristics of the STN-LCD having a twist angle of

240 degrees

Vth : 1.90 Vv
Y : 1.018
A(Vth) /A(T) : 1.5 mvV/°C (T=5 to 40°C)

The STN liquid crystal display device having a twist
angle of 240 degrees had a driving voltage of 1 V or less, and
also exhibited small concentration dependency of the driving
voltage, fast ;esponse characteristics, and display
characteristiéiwhich are superior in high-frequency time
division charatteristic due to sharpness.

The folléwing nematic liquid compositions are prepared.

In the séme manner as in the case of the nematic liquid
crystal composﬁtion (3-36), except that the respective
compounds (2-36-01) to (2-36-90) described below were used in
place of the éempound (3-3607) in the nematic liquid crystal
composition (§;36) of this Example, nematic liquid crystal
compositions (3-36-01) to (3-36-90) were prepared. The
display characteristics of these nematic liquid crystal
compositions (%—36—01) to (3-36-90) showed good results,

similar to thﬁs Example.

i
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(2-36-01) ; (2-36-16)
CSHFCOL—C =c—( ;:—-F C3H7_<:6—c =c— §—F
(2-36-02) ’f (2-36-17)
CSHIEC—< ;—F CSH”_Cd—CEC% };—F

(2-36-03) (2-36-18)

‘
)
:
)

(2-36-04) - (2-36-19)

:
®
¢
-

(2-36-05) (2-36-20)

%
3
i
3

(2-36-06 : (2-36-21)
D G -
= =
(2-36-07) (2-36-22)
CsHy CSHI

&

I
i
iﬁi

¢
4

(2-36-08) (2-36-23)

(2-36-09) (2-36-24)

o
A

(2-36-10) ’ (2-36-25)

(2-36-11) ﬁ
CaH

(2-36-26)
CsH

(2-36-12) (2-36-27)
C5H1 CSHI

(2-36-13) (2-36-28)

i?
)
;
)

Vo
34
o
3

(2-36-14) = é; (2-36-29)

(
:
0

(2-36-15) (2-36-30)

<
;
<



<

(2-36-31) :

e
(2-36-32) \

CsH; “I%!s> —c ::j
(2-36-33)

/ TEEG_<::§;F
(2-36-34) -

/ o E&Cﬁ:—v:

(2-36-35) :

\ \ EEG_<:j§_F
(2-36-36) \

CBH'{QQEC{%
(2-36-37) i

CsH; . _
(2-36-38) i

Copemct-
(2-36-39)

J—CQ(EC C% -
(2-36-40) i

\ /—< Q -E‘dﬁ
(9-36-41) f

CaH~_ )y C,< :
(2-36-42) ‘i;!k

CsHir \ (:j
(2-36-43) l!§' = !

(2-36-44) i
/ ‘izilsi =

= 1
(2-36-45) ;
\—jrﬂqlhlgtﬁcss-—<::§LCl

r——

—

i
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(2-36-46)

Cs3Hs

C:z gicsze—< i;p

(2-36-47)

CsH; C:j

=C

(2-36-48) E

P
o4

(2-36-49)

(2-36-50)

(2-36-51)
ety
=C
(2-36-52)
CsHy

i
4

(2-36-53)

s
e

(2-36-54)

(2-36-55)

(2-36-56)
CsH
(2-36-57)
CsH;
(2-36-58)

priey:
0,995

(2-36-59)

(2-36-60)
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(2-36-6 (2-36-76)
CsH chT—<:1t:§lC
C=C = F3
(2-36-62) (2-36-77)
o T
(2- 36 63) = (2- 36 78) - F3

Sy cm
(2-36-64)

J%l

(2
(23665) CEE Céc (o-
(2-36- 66) t:j =° ::i .
(2-36-67) (2-
C5H1r*<:zt:>_c
(2-36-68) (2
(-36-69) - E -
(2-36- 70) ' E (2-3
2-36- 71) t: B ::é
(2-
( Tﬁ(}}t:>‘C*Eﬁ—<::£ﬂ3CF§H
9-36-72
C5H1|—<:D_c= (2
(2-36-73) — CFﬂ{(z
HEG—<::£1)CF2H
~36-7 : (2-
~ EEG—<::£<DCFQH o

(Example 37)

—

Sy
3

36-79)
I%EC .
36-80)
\_/—Cdfg({%ﬁ
~36-81)
CSHrC%;g_C Q@
= CF3
36-82)
C5H‘rq<:zt:§lc—— CF
= 3
36-83)
4rﬂ<:2t:§Lcss CF
36-84)
—//_Ctg_CEC CF3
36-85)
\I%EC%\;;OCF:;
36-86)
= CFzH
36-87)
CsH
s L omeChoces
/%CQ:;CE OCF,H
36-89 <
/ =c OCF,H
36-90) \{ocF:

/E/
Il
0f

,
O
o)
T
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A nematic liquid crystal composition (3-37) was prepared

from

(3-3701) G, —@—- c=C— )— 15 wtt
(3-3702) \_/—@— c=c~ )— 15 wtkh

(3-3703) C==C —O— 15 wt
(3-3704)  CH, C==C -@— F 10 wt%
F
: F F
(3-3705) C,H, -—% c—0 /—\_<-< . 8 wt%
F
F F
(3-3706) C.H, c=oe _Q F 7 wth
F
(3-3707) H C——C 15 wtk
(3-3708) —" / 15 witk

and various properties of this composition were measured. The
results are as:follows.
Physical propeities of the liquid crystal composition

Tn-1 112.0°C

T_,N . -70. QC
Ae : 10.0°
an i 0.311

Display characieristics of the TN-LCD having a twist angle of
90 degrees (cell thickness 8 um):

Vth 2.100v

T—— et

A(Vth) /A (T) : 2.6 mv/°C (T=0 to 50°C)
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The nemaﬁ;c liquid crystal composition is capable of
operating ovef.a wide range of temperatures because Ty-1 is
high and Ty ig low, and has large An compared to the value of
viscosity n, and is therefore capable of improving the
response char;cteristics. It also has a large dielectric
constant anisdtropy Ae compared to the value of the viscosity
n, and is therefore capable of improving the response
characteristids even at a low driving voltage. Also because
this nematic Liquid crystal composition has high resistivity
and voltage hélding ratio after heating acceleration test, it
can be undersﬁood that high thermal stability is ensured. The
active matrix -liquid crystal display device that employs this
composition as the basic constituent material has excellent
characteristids with less leak current without occurrence of
flicker.

This nemgtic liquid crystal composition was used to make
TN-LCD havingfcell thickness d of 1.6 um and display
characteristiés thereof were measured. A liquid crystal
display devicé5having a threshold voltage of 1.48 V and a
response speei of 1.6 msec. was obtained.

(Example 38)
A neﬁétié;liquid crystal composition (3-38) was prepared

from
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(3-3801) CH, —O— (CH,), . 14 wt%

F

F
(3-3802)  GgHy, ‘O’(CHz)z F 14 wt%
F

- F
(3-3803) cstO—% o= G\ . 10 wth
04) : F F
(3-38 C,H, . QQ O F 11 wth
(3-3805) : " i
- oy =) QQ ) 10 wtk

’ F
, F
F

(3-3806) CgH, . QQ O 11 wt%
\ F

(3-3807) C,H, —O—O—\_// 15 wt%

(3-3808) CH,, —O—O—\\ 15 wt%

and various properties of this composition were measured. The
results are as follows.

Physical properties of the liquid crystal composition

Tyer @ 115;0°C
Tn ¢ —70; °C
Ae : 6.0j

an o : 0.142

Display charaéteristics of the TN-LCD having a twist angle of
90 degrees (céll thickness 6 um):
Vth 2.10 Vv

\% : 0 1.14

——— I —

Display characteristics of the TN-LCD having a twist angle of
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90 degrees (cell thickness 8 um):

Vth 2.30 V
Y : 1.033
A(Vth) /A (T) : 2.0 mV/°C (T=5 to 40°C)

This nematic liquid crystal composition is capable of
operating over a wide range of temperatures because Ty-; is
high and T.y is low. Also because this nematic liquid crystal
composition has high resistivity and high voltage holding
ratio after the heating acceleration test, it can be
understood that high thermal stability is ensured. The active
matrix liquid crystal display device that employs this
composition as the basic constituent material has excellent
characteristics with less leak current without occurrence of
flicker. This nematic liquid crystal composition further
shows a value.of optical sharpness near 1.12 that is the limit
of TN-LCD liquid crystal shown in the literature “High-speed
Liguid Crystal Technology” (p.63, CMC Publication). Thus it
can be understood that this liquid crystal composition is
useful for high-frequency multiplexing drive. The STN liquid
crystal display device exhibited small concentration
dependency of the driving voltage, fast response
characteristies, and display characteristics which are
superior in high-frequency time division characteristic due to
sharpness,

(Examplé 39)

The follewing nematic liquid compositions are prepared:

———a— et —

In the séme manner as in the case of the nematic liquid
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crystal composition (3-01), except that the respective
compounds (2-01-01) to (2-01-20) described below were used in
place of the compound (3-0105) in the nematic liquid crystal
composition (3-01) of this Example, nematic liquid crystal
compositions (3-01-01) to (3-01-20) were prepared.

The display characteristics of these nematic liquid
crystal coméoSitions (3-01-01) to (3-01-20) showed good
results, similar to the nematic liquid crystal composition (3-

01).
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(2-01-01) (2-01-11)
F3
(2-01-02) : (2-01-12)
(2-01-03) . ® 0-01-13) 3
CsH “UlT
! f CsH CF
- 3
(2-01-04) (2-01-14)
c3H C3H R
3
(2-01-05) : (2-01-15)
C3H7—<:>—<:%;>_C1 CsH CF
3
(2—01—06) . (2-01-16)
CaH -01-
3 1 CaH
(2-01-07) 0117 CFs
CqH~ UL
%l e O~y ocr
2
(2-01-08) (2-01-18)
CsH . C,H
w oo G
(2-01-09) (2-01-19)
CBHFB CoH CFH
(2-01-10) (
2-01-20)
~(CFs 3 CF,H

(Example 40)
The fblléWing nematic liquid compositions are prepared.
In thé same manner as in the case of the nematic liquid
crystal composition (3-02), except that the respective
compounds (2-02-01) to (2-02-20) described below were used in

place of the compound (3-0207) in the nematic liquid crystal

—— e

composition (3~02) of this Example, nematic liquia crystal

—

}
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compositions (3-02-01) to (3-02-20) were prepared.
The displiay characteristics of these nematic liquid
crystal composditions (3-02-01) to (3-02-20) showed good

results, similar to the nematic liquid crystal composition (3-

02).
(2-02-01) » (2-02-11)

CaHr< QQ C3H%F3
(2-02-02) 7 (2-02-12)

Cstir< ) .Q CsH .
(2-02-03) ‘ (2-02-13) 3

et O-O-CQye  eO-O-Cyocr
3
(2-02-04) (2-02-14)

csHr<_) 4!" 4|lh!> C3HT_<::>—*<:>*_<::z:ji<)cF3

(2-02-05) (2-02-15)

CaHr< ) <‘|} {|Qi!> C3HT‘<::>"*<:3*‘<::2::§<)CF3
(2-02-06) (2-02-16)

CsHr< ) {]} (l.z!» . CH o,
(2-02-07) (2-02-17)

2
(2-02-08) : (2-02-18)
Cs3H
| %CFzH
(2 02 09) (2—02—19)

CaHs+ . Q QQ o CBH%CFzH

(2-02-10) 2- 02 20)

CsHF rO@—Q;%cw

(Example 41)

T—— —

The follewing nematic liquid compositions arékprepared.

—
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In the same manner as in the case of the nematic liquid
crystal compoéition (3-36), except that the respective
compounds (2-36-91) to (2-36-110) described below were used in
place of the c¢ompound (3-3605) in the nematic liquid crystal
composition (3-36) of this Example, nematic liquid crystal

compositions (3-36-91) to (3-36-110) were prepared.
The display characteristics of these nematic ligquid
crystal composgitions (3-36-91) to (3-36-110) showed good

results, similar to the nematic liguid crystal composition (3-

02).



(2-36-91) !
G ‘I’»“l%!§ N

(2-36-92) :

(2-36-93)
CH <‘|’ ‘IQI!> N
(2-36-94)
Cﬂﬂu_4I’“*‘lh!§}CN
(2-36-95)
/—O_QD_Q\J
(2-36-96)
/ N
(2-36-97)
/O_Q;z_w
(2-36-98)
%N
(2-36-99) »
__/**C:j*‘<:2t:>_CN
(2-36-100) :

(Example 42)

370

(2-36-101)

;

(2-36-102)

;

(2-36-103)

;

(2-36-104)

:

(2-36-105)

;

(2-36-106)

;

(2-36-107)

:

(2-36-108)

(2-36-109)

&

i

(2-36-110)

Z
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The mematiic liquid crystal compositions of the present

invention (3-12), (3-14), (3-19) to (3-21), (3-27), (3-28),

(3-34), (3—37f, (1-09), (1-10), (1-18) and (1-23) can be used

in lighﬁ scatgering type liquid crystal display. Application

Examples will be described in detail below. It should be

—

understood, however, that the present invention is not limited

—
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to these Examﬁles.

A light modulation layer forming material of uniform
solution was prepared by mixing 80% of the liquid crystal
composition described above as the liquid crystal material,
13.86% of HX-220 (manufactured by Nippon Kayaku Co., Ltd.) as
a polymer—forﬁing compound, 5.94% of lauryl acrylate, and (.2%
of 2-hydroxy-Z-methyl-l-phenylpropan-l-one as a polymerization
initiator. Aﬁ empty cell measuring 50x50mm, that was formed
by two ITO electrode glass substrates with spacers having mean
particle size:of 10 pm interposed therebetween, was filled
with this light modulation layer forming material in vacuum at
a temperature 10°C higher than transition temperature of the
uniform solution. This assembly was, with the temperature
being kept 3°C higher than transition temperature of the
uniform solution, passed under a metal halide lamp (80 W/m?)
at a speed of 3.5 m/min, while irradiating with ultraviolet
rays having energy density of 500 mJ/cm® to cure the polymer
forming compound, thereby to make a liquid crystal device
having a light modulation layer consisting of the liquid
crystal material and a transparent solid substance. Cut
surface of thé cured material, that was formed between the
substrates of ihe liquid crystal device thus obtained, was
observed with a scanning electron microscope, and the
transparent soiid substance formed in three-dimensional
network—structure from a polymer was recognized.

The light scattering type liquid crystal display thus

—t——— e—

obtained operates in a wider temperature range than the light

P——
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scattering type liquid crystal display of the prior art, shows
response chardcteristic that is favorable for the display of
moving pictures, and has high contrast and uniform display
characteristigs, indicating the usefulness for outdoor
information panels such as sign board, display of clock,
projection display apparatus and so on. Use of the nematic
liquid crystal compositions (3-12), (3-14), (3-21), (3-34),
(3-37), (1-09) and (1-18) is particularly useful for active
addressing, use of the nematic liquid crystal compositions (3-
38) and (1-23) is useful for multiplexing drive and use of the
nematic liquid crystal compositions (3-14) and (3-27) is
useful for high-temperature applications such as illumination
apparatuses and laser addressing.

The nematic liquid crystal compositions of this Example
are useful also for liquid crystal display of OCB or ECB mode,
and the nematfﬁ liquid crystal compositions (3-12), (3-14),
(3-21), (3-34), (3-37), (1-09) and (1-18) can be used also for
active OCB.

(Example 43)

The nematiic liquid crystal compositions of the present
invention, paﬁticularly (3-12), (3-14), (3-21), (3-34) and (3-
37) further h%ve the following features. Measurement of
chromatic diséérsion of birefringent index of these nematic
liquid crystal compositions showed greater dispersion between
wavelenéth 650nm and 400nm, with values of 1.15 and greater in

some compositions. Such a liquid crystal material shows

greater phase difference due to the difference in the
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wavelength of7 light, and is therefore useful for the new
reflective ty?e color liquid crystal display device that is
based on the pirefringence of the liquid crystal and the
retardation piate and provides color display without using
color filters}
(Example 44)7

The nemaiic liquid crystal compositions of the present
invention, pa:ticularly (3-06) to (3-09), (3-19) and (3-23) to
(3-25) further have the following features.

Assume the relaxation frequency given as wd=2x10!%xg 14031
defined in te;ms of the liquid crystal constitution factor

S=(nx<a>3) !

(n represents the viscosity (in cp) of the liquid
crystal compogition and <a> represents the mean molecular
length (in A)§J, and assume that effective frequency F which
acts on the ljquid crystal display is determined by the frame
frequency of éhe driving voltage applied to the liquid crystal
composition of by the duty number. Then relation of
inequality 1.0x10%°20d/F25.0x107! holds in the range of the
operating tem@eratures. Thus it can be seen that the driving
voltage does éot vary in the range of frequencies that
correspond toévarious time division schemes, or the driving
voltage can bé,suppressed from increasing sharply in a low
temperatufe r§gion when the frequency of time division (duty
number) increéﬁes. Such a characteristic is supposedly due to

the molécular;structure of decahydronaphthalene-2, 6-diyl

group. .As a r?sult, use of the liquid crystal composition of

——r—— —— —

the present iﬁvention makes it possible to make a liquid

—
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crystal display device having improved display
characteristigs. Better drive characteristic and better
display charaéteristics were obtained with TN-LCD type and
STN-LCD type liquid crystal display devices that process
particularly large amount of information.
(Example 45)

A nematie¢ liquid crystal composition (3-39) was prepared

from

(3-3901) 25 wth

- F
CH,— > <:z
F
F
_ FF_F
(3-3902) GH, . OQ Q i 10 wik
(3-3903) M, F FF F 15 wth

F
F

(3-3904) y ’ . O ,; 7.5 wt%

(3-3905)  C.H,, O—O—Q— F 1.5 wtk
F
(3-3906) /——O—O— C.H 15 witk
/ RIS D wt!

F
F
(3-3907) Cszf‘G/Q__GG 10 wt%

(3-3908) : . . O F 10 wt%
o~
: DD

and various pﬁoperties of this composition were measured. The
results are as follows.

Physical properties of the liquid crystal composition

Ty-r ¢ 78.4°C

Tw i -70. °C

Ae . 7.7

An : . 0.095 -
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Display charagteristics of the TN-LCD having a twist angle of

90 degrees (cgll thickness 6 pm):

vth 1.24 v

Vi 2.47 v

\% : 1.2?

Tr=1d : 54.2 msec

In the nématic liquid crystal composition of this
Example, applied voltage V; when the light transmittance is 1%
has a small value of 2.47V, and the composition is most
suitable for an active matrix liquid crystal display device of
low driving valtage.

(Example 46)
A nemati¢ liquid crystal composition (3-40) was prepared

from

F
(3-4001)  CH, ‘Cb_@ . 20 wtk
3-4002 ; F
(3-4002) CJh—KC:t:>'<:j*F 20 wt

(3-4003) G, —O—O—Q— F 12 wik
F
(3-4004) 7~ )~ o, 10 wtt

; F
R O A e e S
/ F

(3-4006)  GH, 19 wtk

and various pébperties of this composition were measured. The
results-are aé follows.
Physical propérties of liquid crystal composition

Physical propgrties of the 1iguid crystal composition

—
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Tuer 85.1°C
T_x : -27.; °C
Ag : 4.4g
An : 0.065

Display characteristics of the TN-LCD having a twist angle of

90 degrees (call thickness 6 pm):

vVth 1.65 V
% : 1.284
Tr=1d : 56.8 msec

IPS mode display characteristics (cell thickness 4 pm)

VlO . 2.96 V
2 : 1.86
Tr=1d : 50 msec

This nematic liquid crystal composition is capable of
operating over- a wide range of temperatures because Ty-1 is

high and Ty ig§ low, and has an advantage of fast response in

the IPS mode.
(Example 47)
A nematic liquid crystal composition (3-41) was prepared

from
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, F
(3-4101) C;H, ‘%_Q . 18 wtk

~410 ' F__F
(3-4102) ¢y . 12 wth
: F F

) F
, F_F
(3-4105) .
o< OO 5w
- F

w10 o, KO~ O~)e -
(3-4107) » F
aecer o

F
(3-4108) C,H, Q . . O E 10 wt%
(3-4109) ; F

RO AN e
a0 on <O~ O~

and various prpperties of this composition were measured. The

10 wth

results are as follows.
Physical propearties of liquid crystal composition
Physical propétties of liquid crystal composition

Physical propérties of the liquid crystal composition

Ty-r = 95.£;C
Tx ——70.? °C
pe 6.8°

An : 0.0&2

Display'charaéteristics of the TN-LCD having a twist angle of

90 degrees (cqall thickness 6 um):

e —— . ————— —

vth : 1.39

m— -
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Y : 1.282
1r=1d : i66.9 msec
IPS mode display characteristics (cell thickness 4 pm)

Vio : 2.32;V

Y : 1.78:
Tr=1d : f55 msec

This nemaiic liquid crystal composition is capable of
operating overéa wide range of temperatures because Ty-: is
high and T-y is low, and has such an advantage as fast response
in the IPS mode.

(Example 48)
A nematiéiliquid crystal composition (3-42) was prepared

from
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’ F
(3-4201) G, {b_@ . 20 Wik

FF
(3-4202)  CH, 10 wi%
- F
(3-4203) C,H, —D—O—O— F 10 wik

(3-4205)

(3-4206)

(3-4207)

DD

(3-4208)  GH,, O—Q—Q F 5 wt%

F

» D
(3-4209) _Q CH, 10 wth

7 F

(3-4210) C,H, —O— CH, —O—O—@— F 10 wtk
F

(3-4211) C.H, —-O— CH, —Q—O—O— F 10 wtk

and various properties

results are a% follows.

described aboée can be
Physical propérties of
Physical properties of

TN—I H *—95.g°C

—

5 wth

5 wth

5 wth

F

of this composition were measured. The
It was confirmed that the effects

achieved also in this Example.

liqguid crystal composition

the liquid crystal composition
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T -70. °C
Ae : 6.9f
An : 0.040

Display charaéteristics of the TN-LCD having a twist angle of
90 degrees (call thickness 6 pm):

Vth 1.3é‘V

\% : 1.29
tr=1d : " 67.0 msec

IPS mode display characteristics (cell thickness 4 pm)

VlC . 2.3'7V
% : 1.71
Tr=1d : © 49.9 msec

INDUSTRIAL APBRLICABILITY

The nemaﬁic liquid crystal compositions of the present
invention inciude, as an essential component, the liquid
crystal component A that consists of the compounds represented
by the general formulas (I-1) to (I-5) and, when mixed in the
liquid crystai composition, such effects as the extended range
of operating %emperatures of the liquid crystal display due to
the improvemeéts in the co-solubility and in the storage at

low—tempefétuies, reduction in the driving voltage,
improvement ié the temperature dependence of the driving
voltage and t@ereby achieving relatively fast response

characteristie¢ for a predetermined driving voltage. The

design and temperature dependence of the birefringent indexf

c———— ——

dielectric comstant anisotropy and elastic constant, light

—
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wavelength dependence of the birefringent index and frequency
dependence of ;he dielectric constant anisotropy can also be
improved. As é result, the nematic liquid crystal
compositions of the present invention can be used in a liquid
crystal displ&y device of active matrix type, twisted nematic
or super twistied nematic type.. Also the present invention can
provide a liquid crystal display element that provides color
display by utflizing birefringence of the liquid crystal layer
and retardati&h plate. Moreover, such an apparatus can be
provided that is useful for light scattering type liquid
crystal displ&y having a light modulation layer which includes
the liquid crgstal material and the transparent solid

substance.
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5 CLAIMS

o
a

1. A nematic liéuid crystal composition comprising a liquid
crystal componeit A composed of one, or two or more kinds of

5 compounds repreéented by one, two, or three or more general

formulas selectéd from the general formulas (I-1) to (I-5):

(-1)

(wherein one, o% two or more CH groups, which are present in a
naphthalene—2,6§diyl ring, may be substituted with a N group,
10 one, oOr tw§ or more -CH;- groups, which are present in a
decahydronaphth?lene—Z,6—diyl ring, may be substituted with -
CFy,-, one, or téo or more -CH;- CH,;- groups, which are present

in said ring, méy be substituted with -CH,0-, ~CH=CH-,

Sy e 1

e,
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~CH=CF-, —CF=CF§, -CH=N- or -CF=N-, one, or two or more >CH-
CHz-groups, whiéﬁ are present in said ring, may be substituted
with >CH-0-, >C;CH—, >C=CF-, >C=N- or >N-CH,-, a >CH-CH<
group, which isépresent in the ring, may be substituted with
>CH-CFX, >CF—CF$ or >C=C<, and at least one C in said non-
substituted or §ubstituted ring may be substituted with Si;

R! each inéependently represents an alkyl group having 1
to 10 carbon at?ms or an alkenyl group having 2 to 10 carbon
atoms, said alkél or alkenyl group can have one, or two or

more F, CI1, CN,%CH3 or CF; as a non-substituent or substituent

group, and one,ior two or more CH, group, which are present in
said alkyl or aikenyl group, may be substituted with O, CO or
C00O, while O atéms do not bond with each other directly;

Q' each inéependently represents F, Cl, CF3, OCF3, OCF:H,
OCFH, NCS, or ¢N;

X' to %x? eééh independently represents H, F, Cl, CF3,
OCF4, or CN; :

W' to We eéﬁh independently represents H, F, Cl, CFj,
OCF3, or CN, ané also W! each independently represents CHj;

K' to K° e%%h independently represents, a single bond,

-C00-, -0CO-, -ffH,0-, -OCH,-, -CH=CH-, -CF=CF-, -C=C-,

- (CHz2) 2-, -(CHﬂg-, -CH=CH- (CHz) 2=, =-(CHz)2-CH=CH-, -CH=N-,

=CH=N-N=CH-,
rings Al tg A' each independently represents 1,4~

phenylene, 2- o% 3-fluoro-1,4-phenylene, 2,3-difluoro-1,4-

phenylene, 3,5—§ifluoro—l,4—phenylene, 2- or 3-chloro-1,4-

phenylene, 2,3—§ichloro-1,4—phenylene, 3,5-dichloro-1,4-
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phenylene, pyri?idine—Z,S—diyl, trans-1,4-cyclohexylene,
trans—l,4—cyclo§exenylene, trans-1,3-dioxane-2,5-diyl, trans-
1—sila—1,4—cycl§hexylene, trans-4-sila-1,4-cyclohexylene,
naphthalene—2,6édiyl, 1,2,3,4-tetrahydronaphthalene-2, 6-diyl,
or decahydronap%thalene—2,6—diyl, and naphthalene-2,6-diyl and
1,2,3,4—tetrahy?ronaphthalene—2,6—diyl can have one, or two or
more F, Cl, CEﬁ%or CH; as a non-substituent or substituent

group;

one, oOr tw@ or more hydrogen atoms, which are present in

a naphthalene—2%6—diyl ring, a 1,2,3,4-tetrahydronaphthalene-
2,6-diyl ring, i decahydronaphthalene-2, 6-diyl ring, a side
chain group Rl,%a polar group Q!, linking groups K' to K° and

rings al to Aq,gmay be substituted with a deuterium atom;
i

k' to kB eéph independently represents 0 or 1, k> + k’ is

0 or 1, and k° é k¢ + k” + k® is 0, 1 or 2; and

atoms, whi?h constitute the compounds of the general
formulas (I-1) io (I-5), may be substituted with isotope atoms

thereof); 0 to ;9.9% by weight of a liquid crystal component B

H

composed of a cimpound having a dielectric constant anisotropy

of +2 or more a% a ligquid crystal component excluding the

compounds of th? general formulas (I-1) to (I-5); and 0 to 85%

by weight of a ;iquid crystal component C composed of a

compound having%a dielectric constant anisotropy within a
range from -10 %o +2; the sum total of said liquid crystal
component B andgsaid liquid crystal component C being within a

range from 0 to%99.9% by weight.

AR L 8 e e e
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2. A nematic liiuid crystal composition comprising a liquid
crystal componeﬁt A composed of one, or two or more kinds of

compounds repre?ented by two or more general formulas selected

from the genera§ formulas (I-1) to (I-5):

(wherein one, o? two or more CH groups, which are present in a

naphthalene—2,6§diyl ring, may be substituted with a N group,
one, Or tw; or more -CH;- groups, which are present in a

decahydronaphthélene—Z,6-diyl ring, may be substituted with -

CFz-, one, or téo or more -CH,- CH;- groups, which are present

in said ring, mgy be substituted with -CH,0-, -CH=CH-,

-CH=CF'-, —CF=CF%, -CH=N<~ or -CF=N-, one, or two or more >CH-

CHz-groups, whidh are present in said ring, may be substituted

e P e

\
T DA )



10

15

20

25

18 MAR 2003
386

with >CH-0O-, >C§CH—, >C=CF-, >C=N- or >N-CH;-, a >CH-CH<
group, which is;present in the ring, may be substituted with
>CH-CF¥, >CF—CF% or >C=C<, and at least one C in said non-
substituted or ;ubstituted ring may be substituted with Si;

R! each inéependently represents an alkyl group having 1
to 10 carbon at%ms or an alkenyl group having 2 to 10 carbon
atoms, said alk?l or alkenyl group can have one, or two or
more F, C1, CN,;CH3 or CF3 as a non-substituent or substituent
group, and one,gor two or more CH; group, which are present in
said alkyl or a?kenyl group, may be substituted with O, CO or
CO0, while O atéms do not bond with each other directly;

Q' each inéependently represents F, Cl, CF3, OCF3, OCFyH,
OCFHz, NCS, or &N;

X! to X3 e%&h independently represents H, F, Cl, CFs,

1

OCF3, or CN; f

W' to w eé%h independently represents H, F, Cl, CFjs,
OCFs;, or CN, ané also W' each independently represents CHj;

K!' to K° e%?h independently represents, a single bond,
-C00-, -0CO-, -%HzO—, -OCH;-, -CH=CH-, -CF=CF-, -C=C-,
- (CH2) 2-, —(Cﬁﬂgf, ~CH=CH~- (CH3) -, -(CHj3),-CH=CH-, -CH=N-,
=CH=N-N=CH-, or%—N(O)=N—;

rings Al tg A? each independently represents 1,4-
phenylene, 2- oé 3-fluoro-1,4-phenylene, 2,3-difluoro-1,4-

phenylene, 3,5—§ifluoro—1,4—phenylene, 2- or 3-chloro-1,4-

phenylene, 2,3—§ichloro—l,4—phenylene, 3,5-dichloro-1,4-
phenylene, pyri@idine—Z,S—diyl, trans-1,4-cyclohexylene,

trans—l,4—cyclo§exenylene, trans-1,3-dioxane-2,5-diyl, trans-
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1—sila—1,4—cycl§hexylene, trans-4-sila-1,4-cyclohexylene,
naphthalene—2,6§diyl, 1,2,3,4-tetrahydronaphthalene-2, 6-diyl,
or decahydronapgthalene—Z,6—diyl, and naphthalene-2, 6-diyl and
1,2,3,4—tetrahy;ronaphthalene—2,6—diyl can have one, or two or

more F, Cl, CF . r CHs as a non-substituent or substituent

group; ?
one, or tw? or more hydrogen atoms, which are present in

a naphthalene—2;6-diyl ring, a 1,2,3,4-tetrahydronaphthalene-

2,6-diyl ring, ; decahydronaphthalene-2,6-diyl ring, a side

chain group R! polar group Q!, linking groups K' to K° and

rings A! to A4,;@ay be substituted with a deuterium atom;

k! to k® e%?h independently represents 0 or 1, k® + k is
0 or 1, and k° é k® + k" + k® is 0, 1 or 2; and

atoms, whi%h constitute the compounds of the general
formulas (I-1) io (I-5), may be substituted with isotope atoms
thereof); 0 to ;9.9% by weight of a liquid crystal component B
composed of a c?mpound having a dielectric constant anisotropy
of +2 or more aé a liquid crystal component excluding the
compounds of th; general formulas (I-1) to (I-5); and 0 to 85%
by weight of a ;iquid crystal component C composed of a

dielectric constant anisotropy within a

compound havin

range from -10 Eo +2; the sum total of said liquid crystal
component B andﬁsaid liquid crystal component C being within a

L

it

§99.9% by weight.

range from 0 t

3. A nematic li%uid crystal composition comprising a liquid

crystal compone%t A composed of one, or two or more kinds of

H
ol
i
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compounds repre%ented by a single general formula selected

from the genera; formulas (I-1) to (I-5):

(-1)

(wherein one, oi two or more CH groups, which are present in a

naphthalene-2,6%diyl ring, may be substituted with a N group,

one, oOr tw? or more —-CH;- groups, which are present in a
decahydronaphth%lene—Z,6—diyl ring, may be substituted with -

£
b

CF,-, one, or tgo or more -CHp- CH,- groups, which are present
in said ring, m%y be substituted with ~CHy0-, -CH=CH-,
-CH=CF'-, —CF=CF§, -CH=N- or -CF=N-, one, or two or more >CH-
CH,-groups, whiéh are present in said ring, may be substituted

with >CH-0-, >C#CH-, >C=CF-, >C=N- or >N-CH,-, a >CH-CH<

group, which is%present in the ring, may be substituted with

e
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>CH-CFX, >CF—CF§ or >C=C<, and at least one C in said non-
substituted cor %ubstituted ring may be substituted with Si;

R! each inéependently represents an alkyl group having 1
to 10 carbon at;ms or an alkenyl group having 2 to 10 carbon
atoms, said alk§l or alkenyl group can have one, or two or
more F, Cl, CN,;CH3 or CF3 as a non-substituent or substituent
group, and one,?or two or more CH; group, which are present in
said alkyl or aikenyl group, may be substituted with O, CO or
C0O0, while O atéms do not bond with each other directly;

Q! each inéépendently represents F, Cl, CFs;, OCF3, OCF.H,
OCFH;, NCS, or éN;

In generaléformulas (I-2) to (I-3), X! to X3 each

independently répresents H, F, Cl, CFi3, OCF;3, or CN;

In genera ormula (I-4), X! represents F, Cl, CF;, OCFs,

or CN, and X2 tch3 each independently represents H, F, Cl,
CFs3, OCFj;, or Cé;
w! represents F, Cl, CFs;, OCF3, or CN;
W2 to We eéﬁh independently represents H, F, Cl, CFs,
OCF5;, or CN, ané also W! each independently represents CHj;
K' to K° e%?h independently represents, a single bond,
-C00-, -0CO-, —éHzo—, -0OCH;-, -CH=CH-, -CF=CF-, -C=C-,
- (CHz) 2-, —(CHﬂé;, -CH=CH- (CH;) -, - (CHj),-CH=CH-, -CH=N-,

=CH=N-N=CH-,

rings A! td A% each independently represents 1,4-
phenylene, 2- of 3-fluoro-1,4-phenylene, 2,3-difluoro-1,4-
phenylene, 3,5—éifluoro—1,4-phenylene, 2- or 3-chloro-1,4-

phenylene, 2,3—§ichloro—1,4—phenylene, 3,5-dichloro-1,4-
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phenylene, pyri%idine—2,5—diyl, trans-1, 4-cyclohexylene,
trans—l,4—cyclo§exenylene, trans-1,3-dioxane-2,5-diyl, trans-
l—sila—l,4—cycl;hexylene, trans-4-sila-1,4-cyclohexylene,
naphthalene—2,6§diyl, 1,2,3,4-tetrahydronaphthalene-2, 6-diyl,
or decahydronap%thalene—2,6—diyl, and naphthalene-2, 6-diyl and
1,2,3,4—tetrahyéronaphthalene—2,6—diyl can have one, or two or
more F, Cl, CF3ior CH3; as a non-substituent or substituent
group; |

one, oOr tw? or more hydrogen atoms, which are present in
a naphthalene—2;6—diyl ring, a 1,2,3,4-tetrahydronaphthalene-
2,6-diyl ring, % decahydronaphthalene-2, 6-diyl ring, a side
chain group Rl,;a polar group Q, linking groups K! to K°> and
rings A' to Aq,%pay be substituted with a deuterium atom;

k! to k® each independently represents 0 or 1, k* + k* is
0 or 1, and k° ; k® + k7 + k¥ is 0, 1 or 2; and

atoms, whi;h constitute the compounds of the general
formulas (I-1) io (I-5), may be substituted with isotope atoms
thereof); 0 to %9.9% by weight of a liquid crystal component B
composed of a c§mpound having a dielectric constant anisotropy
of +2 or more a; a liquid crystal component excluding the
compounds of th; general formulas (I-1) to (I-5); and 0 to 85%
by weight of a %iquid crystal component C composed of a
compound having?a dielectric constant anisotropy within a
range from -10 io +2; the sum total of said liquid crystal

component B and'said liquid crystal component C being within a

range from 0 to;99.9% by weight.

q
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4. A nematic liguid crystal composition according to any one
cof claims 1 to %, wherein said liquid crystal component A
satisfies at le;st one of the following conditions:

(1) said laquid crystal component A contains one, or two
or more kinds o% compounds selected from compounds represented
by the general ?ormula (I-1) and one, or two or more kinds of
compounds selecied from compounds represented by the general
formula (I-2), @he content of said selected compounds in said
liquid crystal éomponent A being within a range from 5 to 100%
by weight; ;

(ii) said iiquid crystal component A contains one, or two
or more kinds o; compounds selected from compounds represented
by the general iormula (I-1) and one, or two or more kinds of
compounds selec%ed from compounds represented by the general
formula (I-3), ghe content of said selected compounds in said
liquid crystal gomponent A being within a range from 5 to 100%
by weight; g

(iii) saidéliquid crystal component A contains one, or
two or more kin?s of compounds selected from compounds
represented by %he general formula (I-1) and one, or two or
more kinds of cémpounds selected from compounds represented by
the general forgula (I-4), the content of said selected
compounds in sa%d liquid crystal component A being within a
range from 5 to;100% by weight;

(iv) said iiquid crystal component A contains one, or two
or more kinds o% compounds selected from compounds represented

by the general Sormula (I-1) and one, cor two or more kinds of

B

g
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compounds selec%ed from compounds represented by the general
formula (I-5), ihe content of said selected compounds in said
liquid crystal ;omponent A being within a range from 5 to 100%
by weight; 7

(v) said liquid crystal component A contains one, or two
or more kinds o% compounds selected from compounds represented
by the general formula (I-2) and one, or two or more kinds of
compounds selected from compounds represented by the general
formula (I-3), %he content of said selected compounds in said
liquid crystal %omponent A being within a range from 5 to 100%
by weight;

(vi) said iiquid crystal component A contains one, or two
or more kinds of compounds selected from compounds represented
by the general %ormula (I-2) and one, or two or more kinds of
compounds selec;ed from compounds represented by the general
formula (I-4), ihe content of said selected compounds in said
liquid crystal gomponent A being within a range from 5 to 100%
by weight;

(vii) saidgliquid crystal component A contains one, or
two or more kin;s of compounds selected from compounds
represented by éhe general formula (I-2) and one, or two or
more kinds of c%mpounds selected from compounds represented by
the general foriula (I-5), the content of said selected
compounds in sa%d liguid crystal component A being within a
range from 5 to?lOO% by weight;

(viii) saia liquid crystal component A contains one, or

two or more kinés of compounds selected from compounds
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represented by ghe general formula (I-3) and one, or two or
more kinds of Cémpounds selected from compounds represented by
the general for%ula (I-4), the content of said selected
compounds in said liquid crystal component A being within a

£

range from 5 to%lOO% by weight;

(ix) said iiquid crystal component A contains one, or two
or more kinds o% compounds selected from compounds represented
by the general éormula (I-3) and one, or two or more kinds of
compounds selecéed from compounds represented by the general
formula (I-5), éhe content of said selected compounds in said
ligquid crystal éomponent A being within a range from 5 to 100%
by weight; |

(x) said liquid crystal component A contains one, or two
or more kinds o% compounds selected from compounds represented
by the general éormula (I-4) and one, or two or more kinds of
compounds selecéed from compounds represented by the general
formula (I-5), éhe content of said selected compounds in said
liquid crystal éomponent A being within a range from 5 to 100%

by weight;

(xi) said iiquid crystal component A contains one, or two
or more kinds o% compounds selected from compounds represented
by the general éormula (I-1), one, or two or more kinds of

d
compounds selecééd from compounds represented by the general
formula (I-2) aéd one, or two or more kinds of compounds
selected from cémpounds represented by the general formula (I-

3), the contentéof said selected compounds in said liquid

crystal componeét A being within a range from 5 to 100% by

RtaN

n

sy e
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weight;

(xii) sai{iliquid crystal component A contains one, or
two or more kin?s of compounds selected from compounds
represented by ihe general formula (I-1), one, or two or more
kinds of compou%ds selected from compounds represented by the
general formulaé(I—Z) and one, or two or more kinds of
compounds selecied from compounds represented by the general
formula (I-4), the content of said selected compounds in said
liquid crystal ;omponent A being within a range from 5 to 100%
by weight; :

(xiii) sai? liquid crystal component A contains one, or
two or more kings of compounds selected from compounds
represented by the general formula (I-1), one, or two or more
kinds of compouids selected from compounds represented by the
general formula;(I—2) and one, or two or more kinds of
compounds selected from compounds represented by the general
formula (I-5), ihe content of said selected compounds in said
liquid crystal %omponent A being within a range from 5 to 100%
by weight; V

(xiv) said;liquid crystal component A contains one, or

two or more kinés of compounds selected from compounds
represented by ;he general formula (I-1), one, or two Or more
kinds of compouéds selected from compounds represented by the
general formula?(1—3) and one, or two or more kinds of
compounds selec;ed from compounds represented by the general

formula (I-4), ;he content of said selected compounds in said

liquid crystal ?omponent A being within a range from 5 to 100%

i
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by weight;

(xv) said iiquid crystal component A contains one, or two
or more kinds of compounds selected from compounds represented
by the general formula (I-1), one, or two or more kinds of
compounds selecied from compounds represented by the general
formula (I-3) apd one, or two or more kinds of compounds
selected from c%mpounds represented by the general formula (I-
5), the content: of said selected compounds in said liquid
crystal componeht A being within a range from 5 to 100% by
weight; |

(xvi) saidfliquid crystal component A contains one, or
two or more kinas of compounds selected from compounds
represented by the general formula (I-1), one, or two or more
kinds of compouﬁds selected from compounds represented by the
general formula;(I—4) and one, or two or more kinds of
compounds selec%ed from compounds represented by the general
formula (I-5), %he content of said selected compounds in said
liquid crystal ?omponent A being within a range from 5 to 100%
by weight; :

{xvii) sai? liquid crystal component A contains one, or
twe or more kin?s of compounds selected from compounds
represented by %he general formula (I-2), one, or two Or more
kinds of compou%ds selected from compounds represented by the
general formulaé(I—B) and one, or two or more kinds of
compounds selec&ed from compounds represented by the general
formula (I-4), ihe content of said selected compounds in said

liquid crystal gomponent A being within a range from 5 to 100%

ik
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by weight;

(xviii) said liquid crystal component A contains one, or
two or more kings of compounds selected from compounds
represented by ;he general formula (I-2), one, or two or more
kinds of compouhds selected from compounds represented by the
general formula;(I—B) and one, or two or more kinds of
compounds selec;ed from compounds represented by the general
formula (I-5), ihe content of said selected compounds in said
liquid crystal ?omponent A being within a range from 5 to 100%
by weight; ;

(xix) saidiliquid crystal component A contains one, or
two or more kinds of compounds selected from compounds
represented by ?he general formula (I-2), one, or two or more
kinds of compounds selected from compounds represented by the
general formulaé(I—4) and one, or two or more kinds of
compounds selec?ed from compounds represented by the general
formula (I-5), ?he content of said selected compounds in said
liquid crystal ;omponent A being within a range from 5 to 100%
by weight; k

(xx) said ;iquid crystal component A contains one, or two
or more kinds o? compounds selected from compounds represented
by the general éormula (I-3), one, or two or more kinds of
compounds selec%ed from compounds represented by the general
formula (I-4) aﬁd one, or two or more kinds of compounds
selected from c;mpounds represented by the general formula (I-

5), the contentéof sald selected compounds in said liquid

crystal componeﬁt A being within a range from 5 to 100% by
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welght;

(xx1) saiéiliquid crystal component A contalns one, or
two or more kiﬁbs of compounds selected from compounds
represented by ihe general formula (I-1), one, or two Or more
kinds of compo%%ds selected from compounds represented by the
general formuléf(I—Z), one, or two or more kinds of compounds
selected from d;mpounds represented by the general formula (I-
3) and one, or iwo or more kinds of compounds selected from
compounds repréﬁented by the general formula (I-4), the
content of saié}selected compounds in said liquid crystal
component A bei%g within a range from 5 to 100% by weight;

(xxii) said liquid crystal component A contains one, or
two or more kin?s of compounds selected from compounds
represented by ;he general formula (I-1), one, ¢or two or more
kinds of compou;ds selected from compounds represented by the
general formulai(I—Z), one, or two or more kinds of compounds
selected from c@mpounds represented by the general formula (I-
3} and one, or ?wo or more kinds of compounds selected from
compounds repreéented by the general formula (I-5), the
content of said;selected compounds in said liquid crystal
component A bei;g within a range from 5 to 100% by weight;

(xxiii) sagd liquid crystal component A contains one, or
tWO oOr more kin%s of compounds selected from compounds
represented by ;he general formula (I-1), one, or two or more
kinds of compou;ds selected from compounds represented by the

general formulag(I—Z), one, or two or more kinds of compounds

selected from cBmpounds represented by the general formula (I-

o e
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4) and one, or two or more kinds of compounds selected from
compounds repre%ented by the general formula (I-5), the
content of said selected compounds in said liquid crystal
component A bei?g within a range from 5 to 100% by weight;

(Xx1iv) sai% liquid crystal component A contains one, or
two or more kin@s of compounds selected from compounds
represented by ?he general formula (I-1), one, or two Or more
kinds of compounds selected from compounds represented by the
general formulaL(I—B), one, or two or more kinds of compounds
selected from c§mpounds represented by the general formula (I-
4) and one, or iwo or more kinds of compounds selected from
compounds repre?ented by the general formula (I-5), the
content of saidéselected compounds in said liquid crystal
component A beiﬁg within a range from 5 to 100% by weight;

(xxV) said;liquid crystal component A contains one, or
two or more kings of compounds selected from compounds
represented by #he general formula (I-2), one, or two Or more
kinds of compou%ds selected from compounds represented by the
general formula?(I-B), one, or two or more kinds of compounds
selected from c?mpounds represented by the general formula (I-
4) and one, or %wo or more kinds of compounds selected from
compounds repre;ented by the general formula (I-5), the
content of said;selected compounds in said liquid crystal
component A bei?g within a range from 5 to 100% by weight;

(xxvi) saia liquid crystal component A contains one, or
two or more kinés of compounds selected from compounds

represented by %he general formula (I-1), one, or two or more

1L NN
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kinds of compouﬁds selected from compounds represented by the
general formula?(I—Z), one, or two or more kinds of compounds
selected from cpmpounds represented by the general formula (I-
3), one, or two-or more kinds of compounds selected from
compounds repre%ented by the general formula (I-4) and one, or
two or more kin;s of compounds selected from compounds
represented by the general formula (I-5), the content of said
selected compou?ds in said liquid crystal component A being
within a range ;rom 10 to 100% by weight;

(xxvii) sa%d liquid crystal component A contains one, or
two or more kin;s of compounds selected from compounds
represented by #he general formula (I-1), the content of said
selected compouads in said liquid crystal component A being
within a range irom 5 to 100% by weight;

(xxviii) s;id liquid crystal component A contains one, or
two or more kinés of compounds selected from compounds
represented by ﬁhe general formula (I-2), the content of said
selected compouéds in said liquid crystal component A being
within a range ﬁrom 5 to 100% by weight;

(xxix) sai§ liquid crystal component A contains one, or
two or more kinés of compounds selected from compounds
represented by éhe general formula (I-3), the content of said
selected compouéds in said liquid crystal component A being
within a range érom 5 to 100% by weight;

(XXX) said?liquid crystal component A contains one, or
two or more kinés of compounds selected from compounds

represented by @he general formula (I-4), the content of said

i
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selected compo@nds in said liquid crystal component A being
within a range%%rom 5 to 100% by weight; and

(xxx1i) safa liqguid crystal component A contains one, or
two or more kinds of compounds selected from compounds
represented by &he general formula (I-5), the content of said
selected compoénds in said liquid crystal component A being

within a range from 5 to 100% by weight.

5. A nematic liguid crystal composition according to any one
of claims 1 to $, wherein said liquid crystal component A
contains one to;twenty kinds of compounds selected from one,
two, or three or more sub-groups among the following sub-
groups (I-ai) t; (I-avii), the content of said compounds being
within a range ?rom 10 to 100% by weight:

(I-ai) compound%in which R! is an alkyl or alkenyl group
having 2 to 7 c?rbon atoms,

(I-aii) compound in which Q' is F, Cl, CFj;, OCF3j, OCF,, or CN,
(I-aiii) compouéd in which K! to K® represent - (CHy),~-, —-COO-,
or -C=C-, ;

(I-aiv) compound in which rings A' to A’ represent trans-1,4-
cyclchexylene, i,4—phenylene, 3-fluoro-1, 4-phenylene, or 3,5-
difluoro—l,4-phénylene, and

(I-av) compoundgin which one, or two or more hydrogen atoms,
which are preseét in naphthalene-2,6-diyl ring, a 1,2,3,4-
tetrahydronaphtgalene—Z,6—diyl ring, a decahydronaphthalene-

2,6-diyl ring, a side chain group R!, a polar group Q!, linking

groups K!' to K° énd rings Al to A', are substituted with
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deuterium atoms% in the general formulas (I-1) to (I-5);
(I-avi) compouna in which W! to W? represent H, F, Cl, CF3, or
OCF3 in the general formulas (I-1) to (I-3) and (I-5); and
(I-avii) compouhd in which X! and X? represent H, F, Cl, CFs,

or OCF3 in the éeneral formulas (I-2) to (I-4).

6. A nematic liauid crystal composition according to any one
of claims 1 to ?, wherein said liquid crystal component A
contains one toitwenty kinds of compounds selected from one,
two, or three or more sub-groups among the following sub-
groups (I-bi) tp (I-bvii), the content of said compounds being
within a range from 5 to 100% by weight:

(I-bi) compoundéin which khﬂ8=0, the ring Al is trans-1,4-
cyclohexylene, i,4—phenylene, 3-fluoro-1,4-phenylene, 3,5~
difluoro—l,4—ph?nylene, naphthalene-2, 6-diyl, 1,2,3,4-
tetrahydronaphthalene—Z,6—diyl, or decahydronaphthalene-2, 6-
diyl, K' is a sfngle bond, -(CHy),-, -CO0O-, or -C=C-, and
(I-bii) compoun& in which k=1, k%*=0, rings A! and A? represent
trans—l,4—cyclo&exylene, 1, 4-phenylene, 3-fluoro-1,4-
phenylene, 3,5-difluoro-1,4-phenylene, naphthalene-2,6~diyl,
1,2,3,4—tetrahyéronaphthalene—2,6—diyl, or
decahydronaphthélene—2,6—diyl, K! is a single bond, - (CHj).-,
-C00-, or —CEC—; K' and K? represent a single bond, -(CHj)a—,
-C00~-, or —CEC-% in the general formula (I-1) in which R! is
an alkyl or alkényl group having 2 to 7 carbon atoms, Q! is F,
Cl, CFj;, CCF3, ar CN, and W' to W' each represents H, F, Cl,

CF3, or OCF;5;

i
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(I-biii) compou.;d in which k*=k%=0, the ring A! is trans-1,4-
cyclohexylene, },4—phenylene, 3-fluoro-1,4~-phenylene, or 3,5-
difluoro—1,4—ph§nylene, and K' and K’ represent a single bond,
- (CHz) -, -COO-, - or -C=C-, in the general formula (I-2) in
which R!' is an ;lkyl or alkenyl group having 2 to 7 carbon
atoms, Q' is F, Cl, CF3, OCF3, or CN, X! and X? represent H, F,
Cl, CFi3, or OCFj, and W to W represent H, F, Cl, CFi, or OCF3;
(I-biv) compound in which k!'=k%=0, K? is a single bond, -CO0O0-,
or -C=C-, and

(I-bv) compound;in which k=1, k?=0, the ring A! is 1,4-
phenylene, 3-flworo-1,4-phenylene, or a 3,5-difluoro-1,4-
phenylene, K and K’ represent -COO- or -C=C-, in the general
formula (I-3) iﬁ which R' is an alkyl or alkenyl group having
2 to 7 carbon atoms, Q' is F, Cl, CF;, OCF3;, or C, X! and X?
represent H, F,iCl, CF3, or OCF3, and W' to W3represent H, F,
Cl, CF3, or OCFj3;

(I-bvi) compouna in which k’=k®=k’=k®=0, K® is a single bond,

- (CH3z) 2, —(CHﬂ;—, -C00-, or -C=C-,

(I-bvii) compoué’qd in which k’=1, k®=k’=k®=0, the ring A! is
trans—l,4—cycloﬁexylene, 1l,4-phenylene, 3-fluoro-1,4-
phenylene, or B;S—difluoro—l,4—phenylene, K' and K° represent a
single bond, —(éHﬂz—, -C00-, or =~C=C-,

(I-bviii) compo?ind in which k’=1, k°=k®=k®=0, the ring A® is
trans—1,4—cyclo§exylene, l,4-phenylene, 3-fluoro-1,4-
phenylene, or 3;5—difluoro—l,4—phenylene, K® and K° represent a
single bond, —(éHﬂg—, ~-C00-, or -C=C-, and

(I-bix) compound in which the decahydronaphthalene-2, 6-diyl

it s
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ring has at lea?t one substituent among substituents -CF;-,
-CH,-0-, —CH=CH;, -CH=CF-, ~-CF=CF-, -CH=N-, -CF=N-, >CH-0-,
>C=CH-, >C=CF—,%>C=N—, >N-CH,-, >CH-CF<, >CF-CF<, >C=C<, and
Si, in the gene?al formula (I-4) in which R! is an alkyl or
alkenyl group h?ving 2 to 7 carbon atoms, Q' is F, Cl, CFs,
OCF3, or CN, ané X} and x? represent H, F, Cl, CF3, OCF3; and
(I-bx) compound: in which k'=k?=0, the ring A' is trans-1,4-
cyclohexylene, i,4—phenylene, 3-fluoro-1, 4-phenylene, 3,5-
difluoro—1,4—ph?nylene, naphthalene-2,6-diyl, 1,2,3,4-
tetrahydronaphtialene—Z,6~diyl, or decahydronaphthalene-2, 6~
diyl, K!' is a single bond, -(CHz)z-, - (CHz)4-, or -CO0O-, and
(I-bxi) compouna in which k'=1, k=0, rings A' and a? represent
trans—l,4—cyclo;exylene, 1,4-phenylene, 3-fluoro-1,4-
phenylene, 3,5—?ifluoro—l,4—phenylene, naphthalene-2, 6-diyl,
1,2,3,4—tetrahy?ronaphthalene—Z,6—diyl, or
decahydronaphthalene-2, 6-diyl, and K' and K® each represents a
single bond, —(?Hﬂz—, - (CHy) 4—, or -CO0O-, in the general
formula (I-5) i% which R! is an alkyl or alkenyl group having
2 to 7 carbon a;oms, Q' is F, Cl, CF3;, OCF3;, or CN, and W' and

w? represent H,EF, Cl, CF3, or OCFj.

7. A nematic li@uid crystal composition according to any one
of claims 1 to ;, wherein said liquid crystal component B
contains one, oi two or more kinds of compounds selected from

the group of compounds represented by the general formulas

(II-1) to (1-4);:

Py 11
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(wherein R! eacg independently represents an alkyl group
having 1 to 10 ?arbon atoms or an alkenyl group having 2 to 10
carbon atoms, séid alkyl or alkenyl group can have one, or two
or more F, Cl, bN, CH; or CFs; as a non-substituent or
substituent groyp, and one, or two or more CH; group, which
are present in ;aid alkyl or alkenyl group, may be substituted
with 0, CO cor céo, while O atoms do not bond with each other
directly;

Q1 each inéependently represents F, Cl, CFj3, OCF;, OCF,H,
OCFH,;, NCS, or %N;

w' to w! eé&h independently represents H, F, Cl, CFs,
OCF3, or CN, ané also W' each independently represents CHj;

Y' and Y? %ach independently represents H, F, Cl, CFj,
QOCF3, or CN; :

Y represen;s CH or N;

P! to P’ eébh independently represents, a single bond,
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-C00-, -0CO-, —éHzo—, -0CH;-, -(CHj)2-, -(CHz)4-, -CH=CH-(CH2),-,
~ (CH,) ,-CH=CH~-, =CH=N-, =CH=N-N=CH-, or -N(O)=N-, and P' and P’
each independenily represents -CH=CH-, -CF=CF-, or C=C-;

rings B! te B? each independently represents trans-1,4-
cyclohexylene, ?rans—l,4—cyclohexenylene, trans-1, 3-dioxane-
2,5-diyl, transél—sila—l,4—cyclohexylene, or trans-4-sila-1,4-
cyclohexylene, and the ring B® may also be 1,4-phenylene, 2-
or 3—fluoro—1,4;phenylene, 3,5-difluorol, 4-phenylene, 2 - or
3—chloro—l,4-ph?nylene, 2,3-dichloro-1, 4-phenylene, or 3,5-
dichloro-l,4—ph§nylene;

one, oOr tw; or more hydrogen atoms, which are present in
a side chain group R!, a polar group Q!, linking groups P! to
P? and rings Bléfo B?, may be substituted with a deuterium
atom; »

p! to p? eaéh independently represents 0 or 1, and p? + p’
is 0 or 1; and j

atoms, whiéh constitute the compounds of the general
formulas (II—l);to (II-4), may be substituted with isotope

atoms thereof).;

8. A nematic liguid crystal composition according to claim 7,
wherein said li%uid crystal component B contains one to twenty
kinds of compou;ds selected from one, two, or three or more
sub-groups amony the following sub=-groups (II-ai) to (II-
axii), the contént of said compounds being within a range from
10 to 100% by w?ight:

(II-ai) compoundls in which R' is an alkyl or alkenyl group
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having 2 to 5 c;rbon atoms, in the general formulas (II-1) to
(II-4); 7

(IT-aii) compouﬁds in which Q' is F, Cl, or -OCFi;, in the
general formula§ (II-1) to (II-4);

(IT-aiii) compoénds in which P? is -(CH;),- or -(CHz)4-, in the
general formulaé(II—l);

(II-aiv) compouéd in which p1 is 1, in the general formula
(I1-1); %

(II-av) compoun; in which at least one of Y!, Y%, W' and W’ is
F, in the generél formula (II-2);

(II-avi) compou%d in which p! is 1 and P'is -C=C-, in the
general formula: (II-2);

(IT-avii) compo;nd in which P? is a single bond or -(CH;).- and
P' is -COO-, inéthe general formula (II-2);

(II-aviii) compéund in which at least one of Y, Y%, and W' to
w* is F, in theégeneral formula (II-3);

(II-aix) compou%d in which P®is -C=C-, in the general formula
(II-3);

(II-ax) compoun% in which P! is a single bond or -C=C- and p?
is -C00-, 1in th? general formula (II-3);

(II-axi) compou%d represented by the general formula (II-4);
and ?

(IT-axii) compo%nd in which at least one of rings B! to B® is
substituted wit% a deuterium atom if the rings B! to B’

represent transs1l,4-cyclohexylene, in the general formulas

(II-1), (II-2) @nd (II-4).
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9. A nematic lﬁquid crystal composition according to claim 7,
wherein said lﬁéuid crystal component B contains one to twenty
kinds of compouhds selected from one, two, or three or more
sub-groups amoﬁg the following sub-groups (II-bi) to (II-
bviii), the coéﬁent of said compounds being within a range
from 10 to 100%;by weight:

(IT-bi) compoudd in which R' is an alkyl or alkenyl group
having 2 to 5 darbon atoms, p' is 0, and Q' is -CN, in the
general formula. (II-1);

(II-bii) compo@ﬁd in which R! is an alkyl or alkenyl group
having 2 to 5 éarbon atoms, p! is 1, Q' is F or -CN, and Y1 and
Y2 represent H br F, in the general formula (II-1);

(IT-biii) comp%ﬁnd in which R' is an alkyl or alkenyl group
having 2 to 5 G;rbon atoms, p! is 0, Q! is -CN, and Y!, Y?, W!
and W? represen% H or F, in the general formula (II-2);
(II-biv) compo&nd in which R' is an alkyl or alkenyl group

! is 1, P? is a single bond,

having 2 to 5 éarbon atoms, p
~(CHz) 2=, or -céo—, P! is a single bond, -CO0-, or -C=C-, Q' is
F or -CN, and fl, Y?, w! and W? represent H or F, in the general
formula (II-Z);

(II-bv) compouéﬂ in which R! is an alkyl or alkenyl group
having 2 to 5 é@rbon atoms, and one of P'and P’ is a single
bond and other %ne is a single bond, -CO0-, or -C=C-, in the
general formul% (II-3);

(II—bvi)'compo@ﬁd in which R is an alkyl or alkenyl group
having 2 to 5 éarbon atoms, and Y!, Y? and W! to W' represent H

or F, in the géneral formula (II-3);

gy e e
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(II-bvii) compo?nd in which R! is an alkyl or alkenyl group
having 2 to 7 c?rbon atoms, and p*+p’=0, in the general formula
(IT-4); and
(IT-bviii) compounds of the general formulas (II-1) to (II-2)
in which at lea%t one hydrogen atom of rings B! and B? is
substituted witg a deuterium atom if rings B' and B? represent

trans-1,4-cyclohexylene.

10. A nematic l;quid crystal composition according to claim 7,
wherein said li§uid crystal component B contains one to twenty
kinds of compouhds selected from one, two, or three or more
sub-groups among the following sub-groups (II-ci) to (II-civ),
the content of ;aid compounds being within a range from 10 to
100% by weight:-

(ITI-ci) compoun; in which R! is an alkyl or alkenyl group
having 2 to 5 C?rbon atoms, pl is 1, one of P! and P? is a
single bond andiother one is a single bond, -CO0-, -(CH;),-, or
- (CHa)4, Q! is f; Cl, CF;, OCF;, or OCF,H, and one, or two or
more of Y! and ?2 represent F, in the general formula (II-2);
(II-cii) compou?d in which R! is an alkyl or alkenyl group

! is 1, P? is a single bond,

having 2 to 5 c%rbon atoms, p
- (CHz)2-, or -CQD-, P! is a single bond, -C00-, or -C=C-, Q! is
F, Cl, CFs, OCF;, or OCF;H, one, or two or more of ! and Y?
represent F, ang W' and W? represent H or F, in the general
formula (II-2);.

(II-ciii) compoind in which R! is an alkyl or alkenyl group

having 2 to 5 c%rbon atoms, one of P! and P’ is a single bond
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and the other o?e is a single bond, -COO-, or -C=C-, Q' is F,
Cl, CF3, OCFj, or OCF,H, one, or two or more of Y! and Y?
represent F, ang W! to W! represent H or at least one of them
is F, in the gefieral formula (II-3); and

(IT-civ) compouid of the general formulas (II-1) and (II-2) in
which at least %hree hydrogen atoms of rings B! and B? are
substituted wit? a deuterium atom if rings B' and B represent

trans-1,4-cyclohexylene.

11. A nematic lgquid crystal composition according to any one
of claims 1 to 10, wherein said liquid crystal component C
contains compou@ds selected from the group of compounds

represented by ihe general formulas (III-1) to (III-4):

‘. 1
(1) R{@M‘

(II- 2)

(II- 3)

(- 4)

(wherein W' co W’ each independently represents H, F, Cl, CF3,
OCF3, or CN;

\Y represen&s CH or N;

e e
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R? and R® é@ch independently represents an alkyl or alkoxy
group having 1 go 10 carbon atoms or an alkenyl or alkenyloxy
group having 2 ?o 10 carbon atoms, said alkyl, alkoxy, alkenyl
or alkenyloxy g?oup can have one, or two or more F, Cl, CN,
CH; or CF; as a ¥on—substituent or substituent group, and one,
or two or more éHz group, which are present in said alkyl,
alkoxy, alkenyl;or alkenyloxy group, may be substituted with
0O, CO or COOQ, wEile O atoms do not bond with each other
directly; :

z' to 2° eééh independently represents H, F, Cl, CFj,

OCFs3, or CN, ané 73 each independently represents -CHs;

M! to M? e%th independently represents, a single bond,
-C00-, -0CO-, —éHzo—, -0OCHy~, - (CHg)2~, - (CHjz)4—-, -CH=CH-(CHj)2.-,
- (CHjy) -CH=CH-, %CH=N—, =CH=N-N=CH~-, or -N(O)=N-, and M! and M?
each independenily represents -CH=CH-, -CF=CF-, or C=C-;

rings C' ta C’ each independently represents trans-1,4-
cyclohexylene, irans—l,4—cyclohexenylene, trans-1, 3-dioxane-
2,5-diyl, trans?l-sila—l,4—cyclohexylene, trans-4-sila-1, 4-
cyclohexylene, iaphthalene—2,6—diyl, 1,2,3,4-
tetrahydronapht%alene—Z,6—diyl, or decahydronaphthalene-2, 6-
diyl, naphthale%e—Z,G—diyl and 1,2,3,4-tetrahydronaphthalene-
2,6-diyl can haée one, or two or more F, Cl, CF3 or CH3 as a
non—substituent%or substituent group, and rings C' and C® may
also be 1,4-phenylene, 2,3-difluoro-1,4-phenylene, 3,5-
difluorol,4—phe£ylene, 2- or 3-chloro-1,4-phenylene, 2,3-
dichloro—1,4—ph;nylene, or 3,5-dichloro~1,4-phenylene;

one, or twe or more hydrogen atoms, which are present in
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side chain grou?s R? and R®, 1linking groups M' to M® and rings
c! to C?, may bé.substituted with a deuterium atom;

m' to m’ eéch independently represents 0 or 1, and m? + m’
is 0 or 1; and _

atoms, whi?h constitute the compounds of the general

formulas (III—la to (III-4), may be substituted with isotope

atoms thereof) .-

12. A nematic liquid crystal composition according to claim
11, wherein saiﬁ liquid crystal component C satisfies at least
one of the foll?wing conditions:

(i) said l;quid crystal component C contains one, or two
or more kinds o? compounds selected from compounds represented
by the general %ormula (ITI-1), the content of said selected
compounds in said liguid crystal component C being within a
range from 5 to 100% by weight;

(1ii) said ;iquid crystal component C contains one, or two
or more kinds o; compounds selected from compounds represented
by the general %ormula (ITI-2), the content of said selected
compounds in sa?d liquid crystal component C being within a

range from 5 toglOO% by weight;

(iii) saidgliquid crystal component C contains one, or
two or ‘more kin;s of compounds selected from compounds
represented by %he general formula (III-3), the content of
sald selected cﬁmpounds in said liquid crystal component C
being within a %ange from 5 to 100% by weight;

(iv) said diquid crystal component C contains one, or two
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or more kinds éf compounds selected from the compounds
represented by ;he general formula (III-4), the content of
said selected compounds in said liquid crystal component C
being within a ¥range from 5 to 100% by weight;

(v) said l;quid crystal component C contains one, or two
or more kinds qf compounds selected from compounds represented
by the general iormula (ITI-1) and one, or two or more kinds
of compounds se;ected from compounds represented by the
general formula;(III-Z), the content of said selected
compounds in siid liquid crystal component C being within a
range from 5 té 100% by weight;

(vi) said Qiquid crystal component C contains one, or two
or more kinds éf compounds selected from compounds represented
by the general }ormula (ITI-1) and one, or two or more kinds
of compounds séiected from compounds represented by the
general formulai(III—B), the content of said selected
compounds 1in s&@d liquid crystal component C being within a
range from 5 to.100% by weight;

(vii) saié?liquid crystal component C contains one, or
two or more kingls of compounds selected from compounds
represented by %he general formula (III-1) and one, or two or
more kinds of épmpounds selected from compounds represented by
the general foéﬁula (III-4), the content of said selected
compounds in sa%d liquid crystal component C being within a
range from 5 té'IOO% by weight;

(viii) said liquid crystal component C contains one, or

two or more kinds of compounds selected from compounds



10

15

20

25

18 MAR 2003
413

represented by }he general formula (III-2) and one, or two or
more kinds of cﬁmpounds selected from compounds represented by
the general for?ula (ITI-3), the content of said selected
compounds in saéd liguid crystal component C being within a
range from 5 toélOO% by weight;

(ix) said aiquid crystal component C contains one, or two
or more kinds of compounds selected from compounds represented
by the general ;ormula (ITI-2) and one, or two or more kinds
of compounds seiected from compounds represented by the
general formula?(III-4), the content of said selected
compounds in said liquid crystal component C being within a
range from 5 to%lOO% by weight;

(x) said liquid crystal component C contains cone, or two
or more kinds of compounds selected from compounds represented
by the general %ormula (ITI-3) and one, or two or more kinds
of compounds seiected from compounds represented by the
general formula;(III—4), the content of said selected
compounds 1in sa;d ligquid crystal component C being within a
range from 5 t&élOO% by weight;

(xi) said iiquid crystal component C contains one, or two
or more kinds o% compounds selected from compounds represented
by the general %ormula (III-1), one, or two or more kinds of
compounds seleé%ed from compounds represented by the general

formula (III-Z);and one, or two or more kinds of compounds
selected from dbmpounds represented by the general formula
(ITI-3), the co@tent of said selected compounds in said liquid

crystal compone%t C being within a range from 5 to 100% by

P
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weight;

(xii) said;liquid crystal component C contains one, or
two or more kin?s of compounds selected from compounds
represented by ;he general formula (III-1), one, or two or
more kinds of c}mpounds selected from compounds represented by
the general foriula (ITI-2) and one, or two or more kinds of
compounds selec#ed from compounds represented by the general
formula (III—4)§ the content of said selected compounds in
said liquid cry?tal component C being within a range from 5 to
100% by weight;i

(xiii) sai% liguid crystal component C contains one, or
Ttwo or more kin?s of compounds selected from compounds
represented by ;he general formula (III-1), one, or two or
more kinds of c%mpounds selected from compounds represented by
the general for&ula (III-3) and one, or two or more kinds of
compounds selected from compounds represented by the general
formula (III—4)¥ the content of said selected compounds in
said liquid cryétal component C being within a range from 5 to
100% by weight;%

(xiv) saidgliquid crystal component C contains one, or
two or more kin?s of compounds selected from compounds

represented by %he general formula (III-2), one, Or two Or

ir

more kinds of c?mpounds selected from compounds represented by
the general for;ula (ITI-3) and one, or two or more kinds of
compounds selec%ed from compounds represented by the general
formula (III—4); the content of said selected compounds in

said liquid cry%tal component C being within a range from 5 to
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100% by weight;;

(xv) said iiquid crystal component C contains one, or two
or more kinds of compounds selected from compounds represented
by the general formula (I11-1), one, or two or more kinds of
compounds selecﬁed from compounds represented by the general
formula (III—2); one, or two or more kinds of compounds
selected from cémpounds represented by the general formula
(IIT-3) and one; or two or more kinds of compounds selected
from compounds iepresented by the general formula (III-4), the
content of said}selected compounds in said liquid crystal

component C being within a range from S5 to 100% by weight.

13. A nematic liquid crystal composition according to claim
11, wherein saié liquid crystal component C contains one to
twenty kinds oficompounds selected from one, two, or three or
more sub-groups-among the following sub-groups (III-ai) to
(ITI-axii), the;content of said compounds being within a range
from 10 to 100%§by weight:

(III-ai) compoupds in which R? is an alkenyl group having 2 to
5 carbon atoms,éin the general formulas (III-1) to (III-4);
(ITI-aii) compoinds in which R® is a straight-chain alkenyl or
alkenyloxy group having 2 to 7 carbon atoms, in the general

formula (ITI-1)
(ITI-aiii) compounds in which m' is 0 and M? is a single bond
or -(CHz)»-, in‘the general formula (III-1);

(III-aiv) compound in which m' is 1, in the general formula

(III-1);
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(III-av) compouad represented by the general formula (III-2);
(III-avi) compoénd in which at least one of Zl, 7z° and W' to w®
is F, in the geheral formula (III-3);

(ITI-avii) comp%und in which 2Z® is F or -CHs, in the general
formula (III—B);

(III-aviii) com§ound in which m! is 0 and M® is a single bond,
in the general iormula (ITI-3):

(III-aix) compoﬁnd in which m! is 1, M' is a single bond,
-0CO-, -CH,0-, éOCHz—, - (CHz)2-, -(CHz)4-, -CH=CH-(CHz)2-,
—(CHﬂz—CH=CH—,§}CH=N—, -CH=N-N=CH-, -N(O)=N-, -CH=CH-, or
~CF=CF-, 1in theégeneral formula (III-3);

(ITI-ax) compouﬁd in which M' is COO- or -C=C- and M’ is -0CO-,
-CH,0-, —OCHZ-,S;(CHZ)Z—, - (CHjy)4-, -CH=CH-(CHj)2-, -(CHz)2-
CH=CH-, —CH=N—,;—CH=N—N=CH—, -N(0)=N-, -CH=CH-, -CF=CF-, or
-C=C~-, in the g;neral formula (III-3);

(III-axi) compo;nd represented by the general formula (III-4);
and |

(ITI-axii) compiunds in which at least one hydrocgen atom of
rings C* to C° ﬁ; substituted with a deuterium atom if rings C*
to C? represent;trans—l,4—cyclohexylene, in the general
formulas (III—lé to (III-4).

14. A nematic léquid crystal composition according to claim
11, wherein saib liquid crystal component C contains one to
twenty kinds of;compounds selected from one, two, or three or
more sub-groupsiamong the following sub-groups (III-bi) to

(III-bix), the éontent of said compounds being within a range
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from 10 to 100%lby weight:

(III-bi) compoéﬁd in which R? is an alkyl group having 1 to 5
carbon atoms of an alkenyl group having 2 to 5 carbon atoms,
R® is an alkyl or alkoxy group having 1 to 5 carbon atoms, or
an alkenyl or %}kenyloxy group having 2 to 5 carbon atoms, m?
is 0, and M? iséa single bond, -C0O0-, or =-(CHjy), in the
general formulii(III—l);

(ITI-bii) compound in which R? is an alkyl group having 1 to 5
carbon atoms oﬁ>an alkenyl group having 2 to 5 carbon atoms,
R} is an alkyl ;r alkoxy group having 1 to 5 carbon atoms, or
an alkenyl or ;lkenyloxy group having 2 to 5 carbon atoms, m?
is 1, the ring ﬁl is trans-1,4-cyclohexylene, and one of M! and
M? is a single Eond and other one is a single bond, -CO0-, or
a - (CHy)z2~, in éhe general formula (III-1);

(III-biii) coméound in which R? is an alkyl group having 1 tc
S5 carbon atoms ?r an alkenyl group having 2 to 5 carbon atoms,
R® is an alkyl or alkoxy group having 1 to 5 carbon atoms, or
an alkenyl or %ikenyloxy group having 2 to 5 carbon atoms, the
ring C? is tran?—1,4—cyclohexylene or trans-1,4-

!'is 0, and M? is a single bond, -C0O0O-, or

cyclohexenylené, m
- (CHz)2-, in thé general formula (III-2);

(III-biv) compéﬁnd in which R® is an alkyl group having 1 to 5
carbon atoms oééan alkenyl group having 2 to 5 carbon atoms,

R®> is an alkyl or alkoxy group having 1 to 5 carbon atoms, or

an alkenyl or élkenyloxy group having 2 to 5 carbon atoms, the

i

ring C? is tran;—1,4—cyclohexylene or trans-1,4-

1

cyclohexenylené; m' is 1, and one of M! and M? is a single
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bond, in the ge%eral formula (III-2);

(III-bv) compou%d in which R? is an alkyl group having 1 to 5
carbon atoms or%an alkenyl group having 2 to 5 carbon atoms,
R® is an alkyl Qr alkoxy group having 1 to 5 carbon atoms, or
an alkenyl or alkenyloxy group having 2 to 5 carbon atoms, m'
is 0, and M? isia single bond, -C=C-, or -CH=N-N=CH-, in the
general formulaé(III—B);

(ITII-bvi) compound in which R? is an alkyl group having 1 to 5
carbon atoms orian alkenyl group having 2 to 5 carbon atoms,
R® is an alkyl ér alkoxy group having 1 to 5 carbon atoms, or
an alkenyl or aikenyloxy group having 2 to 5 carbon atoms, m!
is 1, M is a single bond, -(CH,),-, -CO0O-, or -C=C-, and M? is
a single bond, ;COO—, or -C=C-, in the general formula (III-
3)i '

(III-bvii) comp;und in which R? is an alkyl group having 1 to
5 carbon atoms ¢or an alkenyl group having 2 to 5 carbon atoms,
R® is an alkyl ér alkoxy group having 1 to 5 carbon atoms, or
an alkenyl or aikenyloxy group having 2 to 5 carbon atoms, m!
is 1, one of Mléand M is a single bond and other one is a
single bond or ?CEC—, and at least one of W' and W’is F, in the
general formula%(III—B);

(ITI-bviii) coméound in which R? is an alkyl group having 1 to
5 carbon atoms %r an alkenyl group having 2 to 5 carbon atoms,
R® is an alkyl ér alkoxy group having 1 to 5 carbon atoms, or
an alkenyl or alkenyloxy group having 2 to 5 carbon atoms, and

any one of 72 and 23 is substituted with F or CHs, 1in the

general formula:(III—B); and
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(ITI-bix) compoénd in which R® is an alkyl group having 1 to 5
carbon atoms or;an alkenyl group having 2 to 5 carbon atoms,
R® is an alkyl ér alkyloxy group having 1 to 5 carbon atoms,
or an alkenyl o? alkenyloxy group having 2 to 5 carbon atoms,

and m’+m®=0, in the general formula (III-4).

15. A nematic liquid crystal composition according to any one
of claims 1 to 14, wherein said liquid crystal composition
contains one, og two or more kinds of core-structure compounds
which have four;six—membered rings and a liquid crystal phase-
isotropic liquia phase transition temperature of 100°C or

higher.

16. A nematic l%quid crystal composition according to any one
of claims 1 to 15, wherein said liquid crystal composition has
a dielectric constant anisotropy within a range from 2 to 40,
a birefringent ;ndex within a range from 0.02 to 0.40, a
nematic phase—iéotropic liquid phase transfer temperature
within a range ;rom 50 to 180°C or higher, and a crystal
phase-—, smecticéphase— or glass phase-nematic phase transfer

temperature within a range from -200 to 0°C.

17. A nematic léquid crystal composition according to any one
of claims 1 to i6, wherein said liquid crystal composition

contains a comp?und having an optically active group capable
of securing an induced helical pitch within a range from 0.5

to 1000 pm.
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18. An active métrix, twisted nematic or super twisted nematic
liquid display aevice using the nematic liquid crystal

composition of any one of claims 1 to 17.

19. A light scattering type liquid display device comprising a
light modulation layer which contains the liquid crystal
composition of any one of claims 1 to 17 and a transparent

solid substance.

20. A light sca?tering type liquid display device according to
claim 19, wherein said liquid crystal composition formed a
continuous layei in said light modulation layer and said
transparent solid substance formed a uniform three-dimensional

network in said:. continuous layer.



