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IUVlUU 

DESCRIPTION I llllll lllll lllll lllll lllll lllll llll llll 

NEMATIC LIQUID CRYSTAL COMPOSITION 

AND LIQUID CRYSTAL DISPLAY DEVICE USING THE SAME 

5 

TECHNICAL FIELD 

The present invention relates to nematic liquid crystal 

compositions which are useful as electro-optical display 

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

10 

BACKGROUND ART 

Representative liquid crystal display elements include 

TN-LCDs (twisted nematic liquid crystal display element), that 

is used in clocks, electronic calculators, handheld 

15 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. 

20 122, 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. 12th 

25 IDRC p. 503, 1992) and multi-alignment addressing drive method 

(SID '92 Digest, p. 232, 1992) have been proposed for 

improving the 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 

5 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 

surf aces formed on the substrate electrode side have been 

proposed. 

10 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 

15 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. 

20 For the medium- and small displays for portable 

applications, on the other hand, it is important to achieve 

stabilityeif the display regardless of the operating 

temperature. This calls for a liquid crystal material that 

allows a lower driving voltage in order to improve the 

25 response characteristics and reduce the power consumption, 

lower temperature dependence of the driving voltage in extreme 

temperatu~e 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 sh~uld be avoided to make the electric resistance 

(resistivity) of the liquid crystal too low to decrease the 

5 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 

characteristics that are differente from each other. 

10 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 constant anisotropy, lower viscosity, broader 

nematic temperature range, chemical stability and electrical 

15 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 

20 have been used for such applications as portable terminals, 

liquid crystal :television screens, projectors and computers, 

by taking o.dvanJage of the high display quality thereof. In 

the active matt.ix liquid crystal display device, a TFT (thin 

film transistor), an MIM (metal-insulator-metal) element or 

25 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 Broposed 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 

5 such new displpy elements, various proposals have been made of 

new liquid cry~tal compounds and new liquid crystal 

compositions, such as Japanese Unexamined Patent Application, 

First Publication No. Hei 2-233626 and Published Japanese 

Translation No~ Hei 4-501575 of the PCT Application. 

10 In order to provide for a TFT-LCD based on polysilicon 

technology, which has been a focus of attention recently, 

there are demands for a liquid crystal material having a 

higher voltage holding ratio and higher irrununity to staining, 

a liquid crystal material having faster response 

15 characteristic$ with a lower driving voltage and a liquid 

crystal materi~l having a birefringent index within a range 

from 0.08 to 0~15. Requirements are becoming further 

differentiated1 such as a liquid crystal materials with lower 

possibilities of display defects, in order to improve the 

20 production yie+d, and liquid crystal materials capable of 

providing greater pre-tilt angles. 

As a-liquid crystal material capable of providing a 

brighter displ•y and higher contrast without the need for a 

polarizer plat! or an alignment treatment process, liquid 

25 crystal display elements made by dispersing liquid crystal 

droplets in a polymer are disclosed in Published Japanese 

Translation No. Sho 58-501631-0f the PCT Application, U.S. 
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Patent No.4,43~,047, Published Japanese Translation No. Sho 

61-502128 of t~e PCT Application, Japanese Unexamined Patent 

Application, Pirst Publication No. Sho 62-2231, and the like. 

(These liquid crystal display elements will be hereinafter 

5 collectively r~ferred to as PDLCs.) These elements have such 

problems that it is necessary to optimize the birefringences 

of the liquid crystal 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-

10 voltage drive capability, 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 tha~· the liquid crystal material forms a continuous 

15 layer and a poiymer 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 liquid crystal material used for the purpose 

described above, European Patent Publication No. 359,146 

20 discloses a method for optimizing the birefringent index and 

dielectric con~tant anisotropy of the liquid crystal material, 

Japanese Bnexa~ined Patent Application, First Publication No. 

Hei 6-222320 d~scloses a technology to set a particular 

elastic constapt of the liquid crystal material, and Japanese 

25 Unexamined Patent Application, First Publication No. Hei 5-

339573 discloses the use of a fluoro compound. However, there 

remain problems in the voltage 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. 

5 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 

10 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 

15 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 

20 dependence of the birefringent index, dielectric constant 

anisotropy, elastic constant, light wavelength dependence of 

the birefringent index, and frequency dependency of the 

dielectric con~tant anisotropy in correspondence to the duty 

number. 

25 As compounds related to the general formula (I-1) of the 

present invention, compounds of the following general formulas 
__ 

(al-l) to (al-8) are described. For example, compounds of the 
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general formula (al-1) are disclosed in Helvetica Chimica 

Acta, vol. 68, p. 1406 (1985), Mol. Cryst. Liq. Cryst., vol. 

206, p. 187 (t991), and Liq. Cryst., vol.15, p.123 (1993); 

compounds of the general formula (al-2) are disclosed in 

5 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. 

Liq. Cryst., vol. 206, p. 187 (1991), Liq. Cryst., vol. 15, p. 

123 (1993), Japanese Unexamined Patent Application, First 

10 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 

15 disclosed in MOl. Cryst. Liq. Cryst., vol. 53, p. 147 (1979) 

and Japanese Unexamined Patent Application, First Publication 

No. Sho 53-228S2 (1978); compounds of the general formula (al-

6) are disclos_ed in Japanese Unexamined Patent Application, 

First Publication No. Hei 54-157541 (1979), U.S. Patent No. 

20 4,261,651 (198l) and GB Patent No. 2023136B (1979); compounds 

of the general formula (al-7) are disclosed in Mol. Cryst. 

Liq. Cryst~, vbl. 37, p. 249 (1976); and compounds of the 

general formul~ (al-8) are disclosed in GB Patent Application 

No. 2271771A (l994). 
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(al-9) 

(wherein R0 represents an alkyl group, an alkoxy group, or an 

alkanoyloxy group, x0 represents CN or F, z0 represents R0 or 

CN, and k0 represents 1 or 2) . 

5 However, patents with respect to Japanese Unexamined 

:11 
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Patent Applicatjon, 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 

5 formulas (al-1) 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-1) to (al-5) and (al-7) as well as the 

birefringent index, dielectric constant anisotropy or 

10 transition enthalpy of some of these compounds have been 

reported, the elastic constants and viscosities were not 

known. As for compositions, although combinations of 

compounds of the general formulas (al-1) to (al-8) with 

general compounds, or combinations with compounds of the 

15 general formulas (al-9) to (al-11), or combinations with 

compounds of the 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 

20 elements, liquid crystal display devices or the like are 

scarcely disclosed. 

As compounds related to the general formula (I-2), 

compounds of tne following general formulas (a2-l) to (a2-2) 

are described .. · For example, the compound of the general 

25 formula (a2-l) is disclosed in GB Patent Application No. 

2271771A (1994); and the compound of the general formula (a2-

2) is disclosed in Mol. Cryst. Liq. Cryst., vol. 206, p. 187 

- l.h 
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(1991), Liq. c~yst. vol. 15, p. 123 (1993), Japanese 

Unexamined Pate~t 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., 

5 vol. 37, p.249 (1976). 

~o 
k 

(a2-1) 

--
(a2-2) R0-(A 0-z0)m-A ~==e-A 0-(z0 -A 0)n-R0 

(a2-3) Ro_._L~4-R0 

(a2-4) R0-L0-COG-E-R0 

(a2-5) R0-L 0-0CQ-E-R0 

(a2-6) 0 0 0 R -L ~H2CH2-E-R 

(a2-7) Ro~L o-C==c-E-Ro 

(wherein R0 represents an alkyl group, x0 represents CN or F, 

L0 represents F, z0 represents a single bond, the ring A0 

represents cyclohexylene, and k0
, m and n represent O or a 

10 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 

Application No .. 2271771A (1994) were not completed and, 

15 therefore, tech:niques 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, birefringent index, dielectric constant 

anisotropy, elastic constant and viscosity of compounds of the 
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general formu1as (a2-1) to (a2-2) are not known. General 

advantages are described, while Liq. Cryst., vol. 15, p. 123 

(1993) describes that the viscosity of the compounds included 

in these documents is disadvantageous; Mol. Cryst. Liq. 

5 Cryst., vol. 261, p. 79 (1995) describes the compound in a 

narrow range exhibits liquid crystal properties; and Japanese 

Unexamined Pa~ent 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 

10 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 person with ordinary skill 

15 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 

20 using the liq4id 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 the following general formulas (a3-1) to (a3-15) 

25 are described. For example, the compound of the general 

formula (a3-1) is disclosed in Mol. Cryst. Liq. Cryst., vol. 

37, p. 249 (1976); compounds of the general formulas (a3-2) to 
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( a3-4) are disc.losed in Helvetica Chimica Acta, vol. 64, Fasc. 

6, p. 1847 (1985)-Nr.176, Helvetica Chimica Acta vol. 68, p. 

1406 (1985), Mal. Cryst. Liq. Cryst., vol. 206, p. 187 (1991), 

and Liq. Cryst., vol. 15, p. 123 (1993); the compound of the 

5 general formula (a3-5) is disclosed in Japanese Unexamined 

Patent Applicat:ion, 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) 

10 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. 45350381 (1995); the 

compound of the general formula (a3-11) is disclosed in Mol. 

Cryst. Liq. Cryst., vol. 206, p. 187 (1991), Liq. Cryst., vol. 

15 15, p. 123 (1993), Japanese Unexamined Patent Application, 

First Publication No. Hei 1-160924 (1989), German Patent 

Application No. 3837208A (1989) and U.S. Patent No. 5,084,204A 

(1992); the co~pound of the general formula (a3-12) is 

disclosed in J~panese Unexamined Patent Application, First 

20 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 general .formulas (a3-13) to (a3-15) are disclosed in GB 

Patent Application No. 2271771A (1994). 
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(a2-1) R~~ r ~a 
~k~--~o J,: 

k 

(a2-2) R0-CA0-z0)m-A q_o==c-A0-cz0-A0)n-R0 

(a2-3) R0 
... L Lc;4-R0 

(a2-4) R0-L0--COo-E-R0 

(a2-5) R0-L 0-oco-E-R0 

(a2-6) 0 0 0 
R -L ~H2CH2--E-R 

(a2-7) Ro ... L o--C==e-E-Ro 

(wherein R0 rep~esents an alkyl group or an alkoxy group, x0 

represents CN or F, z0 represents a single bond, and k0 

represents 0, 1 or 2). 

However, patents with respect to Japanese Unexamined 

1 8 MAR 2003 

Patent Application, First Publication No. Hei 1-160924 (1989), 

German Patent Awplication No. 3837208A (1998), and GB Patent 

Application No. 2271771A (1994) were not completed and, 

therefore, techniques related to compounds of the general 

10 formulas (a3-1), to (a3-15) are scarcely known. Concerning 

detailed description of the compounds, only the phase 

transition temp~ratures of the compounds of the general 

formulas (a3-1) 'to (a3-12) and the physical properties of a 

limited number pf these compounds, e.g. the dielectric 

15 constant anisot~opy of the compound of the general formula 

(3a-1), the birefringent index of compounds of the general 

formulas (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 compound of the 
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general formula. (a3-ll), and the birefringent index, 

dielectric cons~ant 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 

5 advantages are described, while Liq. 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. Liq. Cryst., vol. 261, p. 79 (1995) describes that the 

compound of the general formula (a3-12) in a narrow range 

10 exhibits liquid crystal properties; and Japanese Unexamined 

Patent Application, First Publication No. Hei 1-160924 (1989) 

describes that compounds of the general formulas (a3-ll) and 

(a3-12) make the dielectric constant anisotropy of a liquid 

crystal mixture negative, so that the physical properties 

15 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 pe~son with ordinary skill in the art can easily 

use the present invention. 

20 As for co~positions, although combinations with general 

compounds such :,as combinations of compounds of the general 

formulas -{-a3-2), to (a3-4) with the compound of the general 

formula (a3-18):, combinations of the compound of the general 

formula (a3-5) -.with the compound of the general formula (a3-

25 17) and combinations of compounds of the general formulas (a3-

6) to (a3-10) with compounds of the general formulas (a3-16) 

to (a3-18) are·described, specific examples thereof are not 

.1. 
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disclosed. A~cordingly, 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 ~ot disclosed. 

5 As compounds related to the general formula (I-4), 

compounds of the following general formulas (a4-1) to (a4-2) 

are described. For example, the compound of the general 

formula (a4-1) is disclosed in Japanese Unexamined Patent 

Application, First Publication No. Sho 57-130929 (1982), 

10 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, 

15 First Publication No. Sho 57-54130 (1982). 

(a4-1) 

(a4-2) 

R~ t=\ 
'--\._)-\_)-CN 

R~oo-Q-cN 
(wherein R0 represents an alkyl group) . 

However, these techniques do not disclose the 

characteristics which are required at present. Only the 

20 temperatur_e range of the liquid crystal in the compounds or 

I 

cornpositions~is known, but the dielectric constant anisotropy, 

birefringent 'index, elastic constant and viscosity are not 

known. Although general advantages are described, no 

technic~L_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, is disclosed. 

Furthermore, although the compositions are generally 

described in Published Japanese Translation No. Hei 4-502781 

5 (1992) of the PCT Application, W091-05029 (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 

1 O the like are not disclosed. 

15 

As compounds 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-l) R~N 

(wherein R0 represents an alkyl group) . 

However, techniques related to the characteristics 

required at present are scarcely known. In detail, the 

dielectric con$tant anisotropy, birefringent index, elastic 

20 constant and viscosity of the general formula (a5-1) are not 

known. Accordingly, no technical knowledge related to TN­

LCDs, STN-LCos:and TFT-LCDs, which would enable a person with 

ordinary skill.in the art to use them easily, is disclosed. 

Furthermore, although the compositions are generally 

25 described in Published Japanese Translation No. Hei 4-502781 

(1992) o"Ithe PCT Applicatiort-,-wo 91-05029 (1991) a:nd U.S. 
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Patent No. 5,481,845, specific examples thereof are not 

disclosed. Accatdingly, application examples using the liquid 

crystal composi~ion, e.g. specific examples related to liquid 

crystal display 'elements, liquid crystal display devices or 

5 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 

10 formula selecte~ appropriately from compounds represented by 

the general formulas (I-1) to (I-5). Such a nematic liquid 

crystal composition was not previously known. 

The present invention is directed to a nematic liquid 

crystal composition containing at least one of the compounds 

15 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 mee~ the requirements for the liquid crystal 

20 materials descr~bed above, or improve their properties, with a 

novel nematic l,iquid crystal composition containing compounds 

having a fused~ring, e.g. compound having a naphthalene-2,6-

diyl ring, a l~~,3,4-tetrahydronaphthalene-2,6-diyl ring and a 

decahydronaphttialene-2,6-diyl ring and compounds having a 

25 substituent in any of these rings, or a combination of these 

with compounds other than the compounds of the general 

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

5 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 

10 

15 

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 solv~·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 

20 formulas (I-1) to (I-5): 



--

(l-1) 

RL@--K1 

(I-2) 

R~ 
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(wherein one, or two or more CH groups, which are present in a 

naphthalene-2,6-diyl ring, may be substituted with a N group, 

one, or two or more -CH2 - groups, which are present in a 

5 decahydronaphtbalene-2,6-diyl ring, may be substituted with -

CF2-, one, or ~wo or more -CH2- CH2- groups, which are present 

in said ring, may be substituted with -

CH20-, -CH=CH-,· -CH=CF-, -CF=CF-, -CH=N- or -CF=N-, one, or 

two or more >C~-CH2-groups, which are present in said ring, 

10 may be substituted with >CH-0-, >C=CH-, >C=CF-, >C=N- or 

>N-CH2-, a >CH~~H< 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-su~stituted or substituted ring may be substituted 

.i-. 
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with Si; 

R1 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 

5 more F, Cl, CN, CH 3 or CF3 as a non-substituent or substituent 

group, and on~, or two or more CH2 group, which are present in 

said alkyl or -alkenyl group, may be substituted with 0, CO or 

COO, while O atoms do not bond with each other directly; 

Q1 each independently represents F, Cl, CF3 , OCF3, OCF2H, 

10 OCFH2, NCS, or CN; 

15 

X1 to X3 each independently represents H, F, Cl, CF3, 

OCF3 , or CN; 

W1 to W6 each independently represents H, F, Cl, CF3, 

OCF3 , or CN, and also W4 each independently represents CH 3 ; 

K1 to K5 ~ach independently represents, a single 

bond, -coo-, -oco-, -CH20-, -OCH2-, -CH=CH-, -CF=CF-, -c= 

C-, -(CH2}z- 1 -(CH2)4-, -CH=CH-(CH2)z- 1 -(CH2)z-CH=CH- 1 -CH=N-, 

~cH=N-N=CH-, or -N(O)=N-; 

rings A1 -to A4 each independently represents 1,4-

20 phenylene, 2-_·or 3-fluoro-1,4-phenylene, 2,3-difluoro-1,4-

phenylene, 3,S-difluoro-1,4-phenylene, 2- or 3-chloro-1,4-

phenylene-;-2,3-dichloro-1,4-phenylene, 3,5-dichloro-1,4-

phenylene, pyrimidine-2,5-diyl, trans-1,4-cyclohexylene, 

trans-1,4-cyclohexenylene, trans-1,3-dioxane-2,5-diyl, trans-

25 l-sila-1,4-cyclohexylene, trans-4-sila-1,4-cyclohexylene, 

naphthalene-2,6-diyl, 1,2,3,4-tetrahydronaphthalene-2,6-diyl, 

or decahy?ronaphthalene-2,6-diyl, and naphthalene-2,6-diyl and 
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1, 2, 3, 4-tetra:hydronaphthalene-2, 6-diyl can have one, or two or 

more F, Cl, CF3 or CH 3 as a non-substituent or substituent 

group; 

one, or two or more hydrogen atoms, which are present in 

5 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 R1
, a polar group Q1

, linking groups K1 to K5 and 

rings A1 to A4 , may be substituted with a deuterium atom; 

k1 to kB each independently represents O or 1, k3 + k4 is 

10 0 or 1, and k5 + k 6 + k7 + kB 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 anisotropy 

15 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 

20 component B and said liquid crystal component C being within a 

range from O·to 99.9% by weight. 

The l--iq~id 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): 



5 

(II-3) Rl rrl 1 -rr3_3 ;=(l~l 
~-~~ 

(II-4) 

w w4 yz 

2. 
p 

22 

(wherein R1
, Q1 and W1 to W4 are as defined above; 

1 B MAR 2003 

Y1 and Y2 each independently represents H, F, Cl, CF3 , 

OCF3, or CN; 

V represents CH or N; 

P1 to P3 each independently represents, a single 

(CH2)2-, -(CH2)2~CH=CH-, -CH=N-, =CH=N-N=CH-, or -N(O)=N-, and 

P1 and P3 each independently represents -CH=CH-, -CF=CF-, or C 

10 -c-; 

rings B1 to B3 each independently represents trans-1,4-

cyclohexyrene, ~rans-1,4-cyclohexenylene, trans-1,3-dioxane-

2, 5-diyl, trans-·-1-sila-l, 4-cyclohexylene, or trans-4-sila-l, 4-

cyclohexylene, and the ring B3 may also be 1,4-phenylene, 2-

15 or 3-fluoro-1,4-phenylene, 3,5-difluorol,4-phenylene, 2 - or 

3-chloro-1, 4-ph_enylene, 2, 3-dichloro-1, 4-phenylene, or 3, 5-

dichloro-~,4-phenylene; 

... 
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one, or two or more hydrogen atoms, which are present in 

a side chain group R1
, a polar group Q1

, linking groups P1 to 

P3 and rings B1 to B3
, may be substituted with a deuterium 

atom; 

p 1 to p 3 each independently represents 0 or 1, and p 2 + p 3 

is 0 or l; 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}: 

(III-1) 

(III-2) ~2 3 

(III-3) 

(III-4) 3 

(wherein W1 to W3 are as defined above; 

R2 ·and R3 each independently represents an alkyl or alkoxy 

group having 1 to 10 carbon atoms or an alkenyl or alkenyloxy 

group having 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, 

CH 3 or CF3 as a:non-substituent or substituent group, and one, 

or two or more CH2 group, which are present in said alkyl, 

alkoxy, alkenyl or alkenyloxy group, may be substituted with 

5 O, CO or coo, while O atoms do not bond with each other 

directly; 

Z1 to Z3 efch independently represents H, F, Cl, CF3, 

OCF3 , or CN, and Z3 each independently represents -CH3 ; 

M1 to M3 each independently represents, a single 

10 bond, -coo-, -¢co-, -CH20-, -OCH2-, -(CH2)2-, -(CH2)4-, -CH=CH­

(CH2)2-, -(CH2)a-CH=CH-, -CH=N-, =CH=N-N=CH-, or -N(O)=N-, and 

M1 and M3 each independently represents -CH=CH-, -CF=CF-, or C 

-c-; 

rings C1 to C3 each independently represents trans-1,4-

15 cyclohexylene, .trans-1,4-cyclohexenylene, trans-l,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-2,6-diyl, or decahydronaphthalene-2,6-

diyl, naphthal~ne-2,6-diyl and 1,2,3,4-tetrahydronaphthalene-

20 2,6-diyl can have one, or two or more F, Cl, CF3 or CH3 as a 

non-substituent or substituent group, and rings C1 and C3 may 

also be 1,4-ph~nylene, 2- or 3-fluoro-1,4-phenylene, 3,5-

difluorol,4-ph~nylene, 2 - or 3-chloro-1,4-phenylene, 2,3-

dichloro-1,4-phenylene, or 3,5-dichloro-1,4-phenylene; 

25 one, or t~o or more hydrogen atoms, which are present in 

side chain groups R2 and R3
, linking groups M1 to M3 and rings 

C1 to C3 !__·may be substituted with a deuterium atom;_ 
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m1 to m3 each independently represents 0 or 1, and m2 + m3 

is 0 or 1; and 

atoms, which constitute the compounds of the general 

formulas (III-1) to (III-4), may be substituted with isotope 

5 atoms thereof) . 

Furthermore, the present invention provides an active 

matrix, twisted nematic or super twisted nematic liquid 

display device using the above nematic liquid crystal 

composition, or a light scattering type liquid display device 

10 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 

15 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-1) to (I-5) are characterized by a molecular 

structure having, as a partial structure, non-substituted or 

20 substituted naphthalene-2,6-diyl, decahydronaphthalene-2,6-

diyl and l,2,3l4-tetrahydronaphthalene-2,6-diyl rings. The 

liquid crystaL component A having this feature has the effects 

-

that the respo~se characteristics are maintained because of 

the comparativ~ly good nematic phase-isotropic liquid phase 

25 transition temperature, or that the driving voltage is reduced 

without deteriorating the response characteristics, when 

mixing the liquid crystal component A with a liquid- crystal 
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compound or composition, and has excellent characteristics 

which are not found in a conventional liquid crystal compounds 

having a reduced driving voltage. The present inventors have 

found that this effect can be exerted when the liquid crystal 

5 composition contains a liquid crystal component A composed of 

compounds of tbe 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 

10 composed of a compound having a dielectric constant anisotropy 

within a range, from -10 to +2, the sum total of the liquid 

crystal component 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 

15 phase-nematic phase transition temperature and lengthens the 

storage time a-t 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. 

20 As used herein, terms "naphthalene-2,6-diyl ring", 

"decahydronaphithalene-2,6-diyl ring" and "1,2,3,4-

tetrahydrenaphthalene-2,6-diyl ring" are defined as those 

including botn non-substituted and substituted rings, unless 

otherwise speoified. This definition is applied to the liquid 

25 crystal components A and C. The substitution means the 

following. In the case of the naphthalene-2,6-diyl ring, 

substituted ories include those in which one, or two or more CH 
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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 substituents. In the case of the 1,2,3,4-

tetrahydronaphthalene-2,6-diyl ring ring, substituted ones 

5 include those having one, or two or more F, Cl, CF3, OCF3 or 

CH3 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 -CH2- groups, which are 

present in the ring, are substituted with -CF2-, one, or two 

10 or more -CH2- CH2- groups, which are present in said ring, are 

substituted with -CH20-, -CH=CH-, -CH=CF-, -CF=CF-, -CH=N- or 

-CF=N-, one, or two or more >CH-CH2-groups, which are present 

in the ring, are substituted with >CH-0-, >C=CH-, >C=CF-, 

>C=N- or >N-CH3-, a >CH-CH< group, which is present in the 

15 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 

20 decahydronaphthalene-2,6-diyl ring and the 1,2,3,4-

tetrahydronaphthalene-2,6-diyl ring, are substituted with a 

deuterium----citom:are included. 

Similarly~ the terms "alkyl groupu and "alkenyl groupu 

are defined as those including both non-substituent and 

25 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 components A, 
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B and C. 

In the present invention, more pref erred compounds of the 

general formulas (I-1) to (I-5) include the following 

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

-. 
<l. 
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.6 -
4 2 

5 3 

(I-12) R~L.@-K2~
1 

I 

~ 
5 3 

(1-13) RL@-Kl--@--K~3~1 

l~l - 1 
~ II 

x 2 

(I-22) R~1 
l l 

'---©-i<41 
2 x~2'al 

(I-23) R~2 l~l - 1 
~ II 

2 2 

(I-31) l~l - 1 
~ Ii 

2 

(I-32) R1 

(I-33) l *1 '--@-i<2---@-1<3 ~-/J 1 
2 x 2 
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(1-41) R~~' . ~ /J 
' 2 . x 

(I-42) R~'-&<'if.' 
x 2 

(I-43) R~1~~1 
x 2 

l 

- (I-44) R~'-0-i<'--@-K~' -
x 2 

(I-45) RL@K'~~'-k' 
. x 2 

(l-46) R1~~~~' 
x 2 

·~ (I-51) RL-@;<1 J_~ l 

4 2 

1 

(I-52) R~1~~1 
4 2 

l 

(I-53) RL@i<'-@-1<~~1 
4 w2 

The present inventors have found it preferable in order 

to obtain that effects of the present invention that the liquid 

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

5 compounds sel~cted 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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i 
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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-1). 

The present inventors have found it preferable in order 

5 to obtain the effects of the present invention that the liquid 

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

compounds selected 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, 

10 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 

15 crystal component A contains one, or two or more kinds of 

compounds selected from compounds represented by the general 

formula (I-31) or (I-32) or contains compounds represented by 

the general for~ulas (I-31) and (I-32) in combination, the 

content of the -compounds being within a range from 5 to 100% 

20 by weight, if the liquid crystal component A contains 

compounds repr~sented by the general formula (I-3). 

If t-fte liquid crystal component A contains compounds 

represented by ~he general formula (I-4), the liquid crystal 

component A caq be composed of compounds selected from one, 

25 two, three or four general formulas among the general formulas 

(I-41) to (I-46). The liquid crystal component A may be 

composed of each of the compounds 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 use it in combination with compounds selected 

5 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 composed of a combination with compounds selected from --
one, two or tnree general formulas among the general formulas 

10 (I-41) and (I~44) to (I-46). In this case, it is preferred to 

use it in comqination 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 

15 of the nematic 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 

20 forty kinds of compounds selected from compounds of the 

general formulas (I-41) to (I-46), but preferably contains one 

to twenty-kin¢s of compounds. The present inventors have 

found that th~ liquid crystal component A is preferable in 

order to obta~n the effects of the present invention. 

25 The pres~nt 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 

----
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compounds selected from compounds represented by the general 

formula (I-51) or contains compounds represented by the 

general formulas (I-51) and (I-52) in combination, the content 

of the compounds being within a range from 5 to 100% by 

5 weight, if the liquid crystal component A contains compounds 

represented by the 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 

10 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 

15 of the general ·formulas (I-11), (I-12), (I-21), (I-31), (I-

32), (I-41), (I-42), (I-43), (I-51) and (I-52) are used alone 

or in combinat~on, particularly preferably. 

In view of the above, more preferred embodiments of basic 

structures of the compounds represented by the general 

20 formulas (I-1) to (I-5) are compounds represented by the 

general formul~s (I-lla) to {I-53ab). 
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6 -
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R ~ /J ~ .Q i 
6 -
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(1-lld) 5 ' 3 
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1
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6 -
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(l-1~ 5 

R
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(I-1 lq) RL{)--(* V5 ~ 3 
1 

~~' 6 -, 1 

0-llr) 1 2 
5 
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R~*
5 
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f ' - : l 
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(I-~2j) 
1 -

R ~ B ~ B 0 

0 

0 
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4 wz 
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(l-12s) (I-12aa) 

R1-Q-co LQ--c R ~ !J ==G 

-
(!-~ 
R ~ 0 0 

(I-~ 
R ~ !J ==G 

(I-12u) 
3 

(l-1~ 1 

RLQ--co ' 1 R ~ /J ==G 

(I-~ (l-12ad) 

R ~ 0 0 ~ R ~ !J ==G 

(1--0-c 
R ~ 0 0 

1 

(I-12x) 

RLQ--co 
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(I-12ah) 

R~O 

(I~ 
R ~ # 0 

(I-12ak) s 3 

R~s~
1 1 
~ 

(Il-1~ ,=1 ~5 3 1 

R~=*e ~ #' 1 
6 -

4 2 

(I-12am) s 3 
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R~O 

ih 

6 -
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R
1
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RLQ-<CH2h 

(I-12as) 

R1~CH2)z 

(I-12at) 

(I-12au) 

R1-0Vco 

(l-12av) 

R~CH2)2 
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(I-13a) (I-13h) 

(l-13b) (l-13i) 
1 

R~-Q-co 1R-O-Q-O-co 

(I-13c) ~5 3 I 

Rr-0-0--0--c-==e ~-9 ' 1 

4 2 

(I-13j) ~~ 3 1 
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6 -
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(I-13z) 

ROQ-co 
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1 RLQ-\CH2h 
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1 RLQ-co 
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(I-21a) R1 
1 

(I-2lm) R1 

(I-2lb) R1 
1 

(I-2ln) R1 

(I-21c) R1 
1 

(I-210) R1 

(I-2ld) R1 
1 (I-2lp) R1 

(I-21e) R1 
1 (I-2lq) R1 

(l-21fl R1 

(I-21k) 

(I-211) 
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l (l-2lcg) 
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(I-21cs) F (I-21de) 
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~ R ~ 0 =e R~O 



(I-52aq) 

R~CH2)2 
(I-52ar) 

.:.. R~CH2)2 
(I-52as) 

R~CH2)2 
(I-52at) 

4 2 
(l-S2au) 

1 RLQ--0-co~, 
1 

4 2 

(/-52a0 

1 
RVD-iCH02-Q{''_, 

w (I-S2aw) 
W RV.Co 

(l-S2ax) 

R~CB2) 

108 

0-52ay) 

0-52ba) 
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(I-53k) 

RL()O-co 

(I-53b) 4 2 (I-531) 

Ri-00-Qco~, ii R-OQ-c=e'\-A 
4 2 

(I-53c) I (I-53m) 

R 1-QOOcH2~1 
Xz~ 

(l-53d) 1 

RL(/Oco 

(I-53e) 
~ 
R~== 

(I-53n) 

R-Oo 

(I-530) 

4 2 
(l-53p) 1 

(I-53g) 

R
1-Qc==e 

R-0-0-Q-co~, i 
4 2 

0-53q) v 1 

(I-53h) 

R~CH2~1 
X2~ 

(I-53r) 

R~co 

(I-53i) 
4 2 

1 
(I-53s) 

RLQ-0-Q-co~, 1 RLQOcH2)2 ~-, 
4 2 

(I-53j) (I-53t) 
1 

R~CH2~1 RL-Q\CH2)2 

x:: 

1 8 MAR 2003 
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(I-53u) R1-0-co 

(I-53v) 

4 w2 

(I-53w) 
1 

R~CH2)~1 
X2~ 

1 

R~oo--0--{,,1 
X2~ 

(I-53x) 

(I-53z) R~CO 



-

5 
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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-6a) C2H5 (I-6g) C2H50- (I-6m) C2H5COO-

(I-6b) C3H1 (I-6h) C3H10- (I-6n) C3H1COO-

(I-6c) C4H9 (I-6i) C4HgO- (1-60) C4HgCOO-

(I-6d) C5H11 (I-6j) C5H110- (I-6p) C5H11COO-

(I-6e) C5H13 (I-6k) C5H130- (I-6q) C5H13COO-

(I-6f) C1H1r (I-61) C1H1sO- (I-6r) C1H1sCOO-

(I-6s) CH30CH2 (I-6x) C2H50CH2 (l-6ac) C3H10CH2 
(I-6t) CH30C2Hr (l-6y) C2HsOC2Hr (I-6ad) C3H70C2Hr 
(I-6u) CHsOC3H6 (I-6z) C2H50CsHr (I-6ae) CsH10C3H3 
(l-6v) CH30C4Hir (I-6aa) C2H50C4Hs (I-6af) C3H70C4Hs 
(l-6w) CH30C5H10 (l-6ab) C2H50C5H10 (I-6ag) C3H10C5H10 

(I-6ah) CH2=CH- (l-6ao) CH2=CHCH20-

(I-6ai) CH3CH=CH- (I-6ap) CH3CH=CHCH20-

(I-6aj) C2H5CH=CH- (I-6aq) C2H5CH=CHCH20-

(I-6ak) C3H1CH=CH- (I-6ar) CH2=CHC3H50-
(I-6al) CH2=CHC2H4 (I-6as) CH2=CHC4HaO-

(I-6am) CH3CH2=CHC2H4 (l-6at) CHsCH2=CHC4HaO-

(I-6an) CH2=CHC2HsCH=CH- (I-6au) CH2=CHC2H5CH=CHCH20-

(I-6av) CHF=CH­

(I-6aw) CH2=CP­

(I-6ax) CF2=CH­

(I-6ay) CHF=CP-

(I-6az) CHF=CHC2H4 

(l-6ba) CH2=CFC2Hr 

(I-6bb) CF2=CHC2Hr 

(I-6bc) CHF=CFC2Hr 
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More preferred embodiments of the partial structural 
formula (I-71) of the naphthalene-2,6-diyl ring having a polar 
group include compounds represented by the following general 
formulas (I-7la) to (I-71av). 

(I-71) 

--
(I-7la) (I-71i) (I-7lq) 

~N ~ ~l (I-71% (l-71% (I-71~ ~ Ii ~ N ~ u ' ~ Ii ' I (I-71c) (I-7 lk) 0-71s) - - -
~ Ii ' N ~ u ' ~ /; ' I 

~ Ii ' N ~ Ii ' ~ ;; ' I 
(1-71~ (I-71m) (I-71u) 

~ Ii ' N ~ Ii ' ~ u ' l 

(l-71~ 
~ Ii ' N ~ Ii ' ~ Ii ' I 

(1-7 lg) (I-710) (I-7lw) 

N 

N 

5 
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(J-71y) 

(I-71ag) 
(I-71ao) 

~F, ~CF, ~CF2H 
(I-71% (1-7 lah) 

(I-71ap) 
~ J; _' F3 

%cF, %CF2H 

(I-71aa) 
(l-71ai) 

(I-71aq) ~p, -
-~ Ii ' CF3 

~ 0 
' CF2H 

(1-71~ 
~ II_' F3 

~ Ii ' CF3 ~ /J ' CF2H 

- (I-71~ (l-71ak) 
(I-71as) 

-
~ J; _' F3 

~ Ii ' CF3 
/J ' CF2H 

(I-7la~ 
~ # _' F3 

~ Ii ' CF3 ~ Ii ' CF2H 

(I-7la~ (l-7lam) 
(I-71au) 

~ J; _' F3 
~ /; ' CF3 

~ J; ' CF2H 

(I-71~ ~ Ii ' F3 
~ Ii_' CF3 ~ /; CF2H 



5 
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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). 

(l-72a)-Q-cN (l-72d)-Q-r 

(l-72b)-O-cN (I-72e)~ 
(I-72c)~N (I-72!) 4 

(l-72g)-Q-c1 

(l-72h)-d-c1 

(I-72i) ~I 
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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-2,6-diyl ring having a polar 

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

5 ( I-7 3bt) . 
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1 

(1-73) %1 
4 w2 

(I-73a~ (l-73~ (l-73y)--c:o-c 

/J ' N /J ' /J ' l 

(I-73b~ (l-73n% (l-73z)%-c 

/J ' N /J ' /J ' I 

(I-73c~ (l-730~ (l-73a~ 
/J ' N /J ' /J ' I 

- (l-73d~ (l-73p~ (l-73a~ -
/J ' N /J ' /J ' l 

(l-73e~ (l-73q~ (l-73a~ 
/J ' N /J ' /J ' I 

(I-73!)~ 
/J ' N 

(l-73r~ 
/J ' 

(l-73a~ 
/J ' I 

(I-73g) 

N 

N 

(I-731) 

---
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(I-73ak)~ (I-73aw)~ (I-73bi)~ 
Ii ' F Ii ' CF Ii ' CF2H - 3 - 3 -

(I-73al)% (I-73ax)~ (I-73bj)~ 
Ii ' F Ii ' CF n ' CF2H - 3 - 3 -

(l-73a~ (I-73ay~ (l-73bk~ 

~ ~F3 ~ ~CF, ~ ~CF2H 
(I-73an) (I-73az) (I-73bl) 

n ' F n ' CF n ' CF2H 

Ii_' F3 Ii_' CF3 n _' CF2H 

(l-73ap~ (I-73bb~ (I-73bn~ 
Ii ' F3 Ii ' CF3 J ' CF2H - - -

(l-73aq) (l-73bc) (I-73bo) 

F3 CF3 CF2H 

(l-73ar) (l-73bd) (I-73bp) 

F3 CF3 

(I-73as) ~ f' (I-73be) ~ F (I-73bq) ~ !-'. 

~F3 ~CF3 ~CF2H 
(l-73at)% (l-73btJ~ (I-73br~ 

Ii ' F3 Ii ' CF3 Ii ' CF2H - - -
(I-73au) (I-73bg) (I-73bs) 

F3 CF3 CF2H 

(I-73av) (I-73bh) (I-73bt) 

f3 CF3 CF2H 



5 
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According to the present invention, more pref erred 

embodiments of the non-substituted or substituted 

decahydronaphthalene-2,6-diyl ring are shown in the following 

general formulas (I-74a) to (I-74dm). 

0-7 4a) --Q}­
(I-74b) -co-

0-74e) --Q}­
(I-7 4h) -co-

(I-74c) -CO- (I-74d) --Q}­
(I-74f) -co- (I-74g)-co­

(I-7 4i) -co- (I-7 4j) -co-

(I-74k) -co- (I-741) -co-
(I-74m)-CO­

(I-74p) -co­
(I-74s) -CO­

(H4v) -CQ­
(l-74y) -CQ­
(I-7 4abi-C{)­

(I-74ae~ 

(1-7 4ahr--CQ­

(I-74ak~ 

(I-74an~ 
'--~ 

(I-74n) -CO- 0-740) -CO­
(I-74q) -CQ- (l-74r) -CO­
(I-74t) -CO- 0-74u) -CO­
(I-74w)-CQ- (I-74x) -CO­
(I-7 4z) -CO- 0-7 4aar-C{).­

(l-7 4acr-C{).- (I-7 4adr-C{).-

0-74af)-co- (I-74ag~ 

(1-7 4ai)---co- (1-7 4aj)-co­

(I-74a0-Q}- (I-74amJ((}­

(I-74ao~ (I-7ap) -CO- __ 
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(l-74aqJCQ- (l-74ar)-CO- (l-74as!({)-

(1-7 4at)-co- (I-74auJCQ- (J-74av!CQ-

(l-74aw~ (I-74ax~ (I-74ayJ{{J-

(1-7 4axi-Q:r- (I-74ba~ (J-74bb!{b-

(I-74bc~ (I-74bd~ (I-74ber-ro-

- (I-74btl~ (I-74bg~ (I-74bh~ 

(I-7 4bi)--<:t>-- (I-74bj)~ (l-74bk~ 

(I-7 4bl)--<=b- (I-74bm~ (J-74bnl(Q-

(I-74bo~ (I-74bp~ (I-74b~ 

(I-74br~ (I-74bs~ (I-74btr-Cb-

(I-74bu~ (I-74bv~ (I-7 4bw!{{:}-

0-74bx~ 

(I-74by~ (l-74bzr-Ct>- (J-74ca~ 

(I-74cb~ (I-74cc~ (J-74cd~ 

(I-74ce~ (J-74ctl» (I-74cg~ 
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(I-74ch~ (I-74cj)~ 
(I-74ckJC()- (I-74cmr-Cb-

0-74cn~ (I-74cpJC:Q-

0-7 4cqr-<:::O- (I-74cs~ 

- (I-74ct)~ (I-74cv~ -
(l-74cw (I-74cy 

(I-7~ (1-7 4de) 

-co-
(I-74dg) (I-74dh) 

(l-74dk) 



-
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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 liquid crystal component A, thereby making it possible to 

obtain the effects of the present invention. 

(I-ai): Compounds in which R1 is an alkyl or alkenyl group 

10 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-lla) to (I-13ab) in which the side chain groups are (I-6a) 

15 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-71a) to (I-71av), 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 

20 (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-2la) 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 

25 partial structures of the polar group are represented by the 

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

having t0e basic structures of the general formulas (I-21a) to 
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(I-2lfx), (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-22io), (I-22iq), (I-

22is), (I-22iu), (I-23ak) to (I-23fx), (I-23hi) to (I-23iv) 

5 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-6bc) and basic 

10 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-31a) 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) 

15 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 

20 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-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-

25 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-4lk), (I-41x) 

to (I-4laa), (!-4laf) to (I-4lai), (I-42a) to (I-42u), (I-

42ah), (I-42ak) to (I-42am), (I-42ao) to (I-42ar), (I-42at), 

5 (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-

4 3 a f ) , ( I - 4 3 a k) , ( I - 4 3 am) , ( I - 4 3 a p ) , ( I - 4 3 a r ) , ( I -4 3 au ) , ( I -

43aw), (I-43az), (I-43bb), (I-43be) and (I-45a) to (I-46g). 

10 (I-ai-5): Specific compounds of the general formula (I-2) 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-6f), (I-6ah) to (I-6an) and (I-6av) to (I-6bc) and the 

partial structure of the polar group are represented by the 

15 general formulas (I-73a) to (I-73bt), and preferably compounds 

having the basic structures of the general formulas (I-51a) to 

(I-Slc), (I-51g) to (I-51n), (I-51p) to (I-5lu), (I-51x), (I-

Sly), (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-

2 0 5 3 r ) to ( I - 5 3 ab ) . 

Using the compounds of sub-groups (I-ai-1) to (I-ai-5), 

the opera-t:-ing temperature range can be broadened and the 

elastic constant and its ratio K33/Kn and K33 /K22 can be 

adjusted by an improvement in co-solubility of the liquid 

25 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-LCDs or the 
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like. 

(I-aii): Compounds in which Q1 is F, Cl, CF3 , OCF3 , OCF2H, or 

CN, in the general formulas (I-1) to (I-5). 

(I-aii-1): Specific compounds of the general formula (I-1) are 

5 compounds having the basic structures of the general formulas 

(I-lla) 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-7la) to (I-7lav), 

and preferably compounds having the basic structures of the 

1 O general form u 1 as ( I -11 a ) to ( I -12 c ) , ( I -12 g ) to ( I -12 i ) , ( 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 

15 (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 are 

represented by the general formulas (I-72a) to (I-72r), and 

preferably compounds having the basic structures of the 

general formulas (I-21a) to (I-2lfx), (I-21gk) to (I-2lgv), 

20 (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-22io),-(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 

25 compounds having the basic structures of the general formulas 

(I-3la) to (I-33dz) in which the side chain groups are (I-6a) 

to (I-6bc) 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-31a) to (I-31ag), (I-32a) to (I-32ae), (I-

32ai) to (I-32be), (I-32bg) to (I-32cb), (I-32cd) to (I-32cy), 

5 (I-32da) to (I-32eh), (I-33bn) to (I-33cg) and (I-33cl) to (I-

3 3dz) . 

(I-aii-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) 

10 to (I-6bc) and partial 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-41a) to (I-4laa), (I-41af) to (I-41ai), 

(I-42a) to (I-42ad), (I-42ah), (I-42ak) to (I-42bl), (I-42bn) 

15 to (I-42bt), (I-42ca), (I-42cg), (I-42cl), (I-42cr), (I-43a) 

to ( I - 4 3 q ) , ( I - 4 3 v) , ( I - 4 3 a a ) , ( I - 4 3 a f ) , ( I - 4 3 a k ) , ( I - 4 3 am) , 

(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-41a) to 

20 (I-41k), (I-4lx) to (I-41aa), (I-41af) to (I-41ai), (I-42a) to 

(I-42u), (I-42ah), (I-42ak) to (I-42arn), (I-42ao) 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-

2 5 4 3 a a ) , ( I - 4 3 a f ) , ( I - 4 3 a k) , ( I - 4 3 am) , ( I - 4 3 a p) , ( I - 4 3 a r) , ( I -

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

(I-46g). 
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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-Sla) to (I-53ab) in which the side chain groups are (I-6a) 

to (I-6bc) and the partial structures of the polar group are 

5 represented by the general formulas (I-73a) to (I-73bt), and 

preferably compounds having the basic structures of the 

general formulas (I-51a) to (I-51c), (I-51g) to (I-51n), (I-

Slp) to (I-51u), (I-Slx), (I-Sly), (I-52a) to (I-52f), (I-52s) 

to (I-52ag), (I-52an) to (I-52bd), (I-53a), (I-53d) to (I-

10 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-7li) to (I-71av), (I-72d) to (I-72r) and (I-73m) 

to (I-73bt) in which Q1 is F, Cl, CF3 , OCF3 , or OCF2H are used 

15 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 Q1 

20 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. 

25 (I-aiii): Compounds in which K1 to K5 represent a single 

bond, -(CH2 ) 2-, -coo-, or -c=c-, in the general formulas (I-1) 

to (I-5). 
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(I-aiii-1): Specific compounds of the general formula (I-1) 

are compounds having the basic structures of the general 

formulas (I-lla) to (I-13ab) in which the side chain groups 

are (I-6a) to (I-6bc) and the partial structures of the polar 

5 group are represented by the general formulas (I-71a) to (I-

71av), 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). 

10 (I-aiii-2): Specific compounds of the general formula (I-2) 

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 are 

represented by the general formulas (I-72a) to (I-72r), and 

15 preferably compounds having the structures of the general 

formulas (I-2la) to (I-2lfx), (I-2lgk) to (I-2lgv), (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-22io), 

(I-22iq), (I-22is), (I-22iu), (I-23ak) to (I-23fx), (I-23hi) 

20 to (l-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) to (I-33dz) in which the side chain groups are (I-6a) 

to (l-6bc) and the partial structures of the polar group are 

25 represented by the general formulas (I-72a) to (I-72r), and 

preferably compounds having the structures of the general 

formulas (I-3la) to (I-31ag), (I-32a) to (I-32ae) ,- (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 

5 (I-41a) to (I-41aa), (I-41ac), (I-4lad), (I-41af) 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 structure of the general formulas (I-41a) to (I-

10 41aa), (I-41af) 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 

15 (I-46g), and more preferably compounds having the structures 

of the general formulas (I-41a) to (I-41k), (I-41x) to (I-

41aa), (I-4laf) to (I-41ai), (I-42a) to (I-42u), (I-42ah), (I-

4 2 a k) to ( I - 4 2 am) , ( I - 4 2 a o ) to ( I - 4 2 a r ) , ( I - 4 2 at ) , ( I - 4 2 a z ) , 

(I-42be) to (I-42bg), (I-42bj) to (I-42bl), (I-42bo), (I-

20 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 - 4 3 am) ,- ( I -4 3 a p) , ( I - 4 3 a r) , ( I - 4 3 au) , ( I - 4 3 aw) , ( I - 4 3 a z ) , 

(I-43bb), (I-43be) and (I-45a) to (I-46g). 

(I-aiii-5): Specific compounds of the general formula (I-5) 

25 are compounds having the structures of the general formulas 

(I-5la) to (I-53ab) in which the side chain groups are (I-6a1 

to (I-6bc) and the partial structures of the polar- group are 



1 B MAR 2003 
129 

represented by the general formulas (I-73a) to (I-73bt), and 

preferably compounds having the structures of the general 

form u 1 as ( I - 51 a ) to ( I - 51 c ) , ( I - 51 g ) to ( I - 51 n ) , ( I - 51 p ) to 

(I-5lu), (I-5lx), (I-Sly), (I-52a) to (I-52f), (I-52s) to (I-

5 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 K1 to K5 represent a single bond broaden 

the operating temperature range by an improvement in co-

10 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 K1 to K5 

represent -(CH2 ) 2 - can broaden the operating temperature range 

15 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 K1 to 

K5 represent -COO- broaden the operating temperature range by 

20 an improvement in co-solubility of the liquid crystal 

composition and an improvement in storage at low temperature, 

thereby makin9 it possible to reduce the driving voltage and 

to improve a change in temperature. Compound in which K1 to K5 

represent -C=C- adjust the birefringent index within a wide 

25 range, thereby making it possible to reduce the driving 

voltage and to improve a change in temperature. Thus, 

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

(I-aiv): Compounds in which rings A1 to A4 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 5). 

(I-aiv-1): In the case of the general formula (I-1), the ring 

A1 of the general formula (I-11), the ring A2 of the general 

formula (I-12) and the ring A3 of the general formula (I-13) 

are preferably trans-1,4-cyclohexylene, 1,4-phenylene, 3-

10 fluoro-1,4-phenylene, or 3,5-difluoro-1,4-phenylene, and 

specific compounds are compounds having the structures of the 

general formulas (I-lla) 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 

15 represented by the general formulas (I-71a) to (I-71av), and 

preferably compounds having the structures of the general 

formulas (I-lla) to (I-111), (I-12a) 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), thus obtaining 

20 more improved electro-optical characteristics. 

Particularly, compounds having both structural features 

of (I-ai±-i) and (I-aiv) exhibit further differentiated 

characteristics and therefore used in the liquid crystal 

composition more widely. 

25 (I-aiv-la): Compounds in which K1 in the general formula (I-

11), K2 in the general formula (I-12) and K3 in the general 

formula (I-13) represent a single bond, and the ring A1 in ~he 
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general formula (I-11), the ring A2 in the general formula (I-

12) and the ring A3 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 

5 comparatively large dielectric constant anisotropy; 

(I-aiv-lb): compounds in which K1 in the general formula (I­

ll), K2 in the general formula (I-12) and K3 in the general 

formula (I-13) represent a single bond, and the ring A1 in the 

general formula (I-11), the ring A2 in the general formula (I-

10 12) and the ring A3 in the general formula (I-13) represent 

trans-1,4-cyclohexylene have comparatively fat response 

characteristics because of broadened nematic phase; 

(I-aiv-lc): compounds in which K1 in the general formula (I­

ll), K2 in the general formula (I-12} and K3 in the general 

15 formula (I-13) represent -(CH2 ) 2-, and the ring A1 in the 

general formula (I-11), the ring A2 in the general formula (I-

12) and the ring A3 in the general formula (I-13) represent 

trans-1,4-cyclohexylene have good co-solubility; 

(I-aiv-ld): compounds in which K1 in the general formula (I-

20 11), K2 in the general formula (I-12) and K3 in the general 

formula (I-13) represent -COO-, and the ring A1 in the general 

formula \I-11), the ring A2 in the general formula (I-12) and 

the ring A3 in the general formula (I-13} represent 1,4-

phenylene, 3-fluoro-1,4-phenylene, or 3,5-difluoro-1,4-

25 phenylene have reduced driving voltage because of broadened 

nematic phase; and 

(I-aiv-le): compounds in which K1 in the general formula (I-
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11), K2 in the general formula (I-12) and K3 in the general 

formula (I-13) represent -c=c-, and the ring A1 in the general 

formula (I-11), the ring A2 in the general formula (I-12) and 

the ring A3 in the general formula (I-13) represent 1,4-

5 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 A1 

to A3 each preferably represents trans-1,4-cyclohexylene, 1,4-

10 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-2lab), (I-

21ak) 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-

15 22fu), (I-22fx) to (I-22gs), (I-22gv) to (I-22hq) 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 

20 formulas (I-2la) to (I-2ly), (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. 

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

( I-23) ·having both structural features of ( I-aiii) and ( I-ai v) 

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 K1 to K4 is a single 

bond and any one of rings A1 to A3 is 1,4-phenylene, 3-fluoro-

1,4-phenylene, or 3,5-difluoro-1,4-phenylene have medium or 

5 high birefringent index and comparatively large dielectric 

constant anisotropy; 

(I-aiv-2b): compounds in which in which any one of K1 to K4 is 

a single bond and any one of rings A1 to A3 is trans-1,4-

cyclohexylene nave comparatively fast response characteristics 

10 because of broadened nematic phase; 

(I-aiv-2c): compounds in which in which any one of K1 to K4 is 

-(CH2 ) 2 - and any one of rings A1 to A3 is trans-1,4-

cyclohexylene have good co-solubility; 

(I-aiv-2d}: compounds in which any one of K1 to K4 is -COO- and 

15 any one of rings A1 to A3 is 1, 4-phenylene, 3-fluoro-l, 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 K1 to K4 is -c=c-

and any one of rings A1 to A3 is 1,4-phenylene, 3-fluoro-1,4-

20 phenylene, or 3,5-difluoro-1,4-phenylene have very high or 

comparatively high birefringent index. 

(I-aiv-3): In the case of the general formula (I-3), rings A1 

and A2 each preferably represents trans-1,4-cyclohexylene, 

1,4-phenylene, 3-fluoro-1,4-phenylene, or 3,5-difluoro-1,4-

25 phenylene, and specific compounds are compounds having the 

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

32ai} to. (I-33x) and (I-33ac} to (I-33dz) in which the side 

-" 



1 8 MAR 200J 
134 

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-31a) to (I-31ag), (I-32a) to (I-

5 32ae), (I-32ai) to (I-32be), (I-32bg) to (I-32cb), (I-32cd) to 

(I-32cy), (I-32.da) 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 

10 (I-33) 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-3a): Compounds in which any one of K1 to K4 is a single 

bond and any one of rings A1 and A2 is 1,4-phenylene, 3-fluoro-

15 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 K1 to K3 is 

a single bond and any one of rings A1 and A2 is trans-1,4-

20 cyclohexylene have comparatively fast response characteristics 

because of broadened nematic phase; 

(I-aiv-3c+: compounds in which in which any one of K1 to K3 is 

-(CH2) 2- and any one of rings A1 and A2 is trans-1,4-

cyclohexylene nave good co-solubility; 

25 (I-aiv--3d): compounds in which in which any one of K1 to K3 is 

-COO- and any one of rings A1 and A2 is 1,4-phenylene, 3-

fluoro-1,4-phenylene, or 3,5-difluoro-1,4-phenylerie have 
---
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and 
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(I-aiv-3e): compounds in which any one of K1 to K3 is -c=c­

and any one of rings A1 and A2 is 1,4-phenylene, 3-fluoro-1,4-

5 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 A1 

to A4 each preferably represents trans-1,4-cyclohexylene, 1,4-

phenylene, 3-fluoro-1,4-phenylene, or 3,5-difluoro-1,4-

10 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 

15 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-

20 42bc), (I-42be) to (I-42bh), (I-42bj) to (I-42bl), (I-42bo) to 

(I-42bt), (I-42ca), (I-42cg), (I-42cl), (I-42cr), (I-43a) to 

( I - 4 3 q ) , ( I - 4 3 v) , ( I - 4 3 a a ) , ( I - 4 3 a f ) , ( I - 4 3 a k) , ( I - 4 3 am) , ( I -

43ap), (I-43ar), (I-43au), (I-43aw), (I-43az), (I-43bb), (I-

43be) and (I-44a) to (I-46g), and more preferably compounds 

25 having the structures of the general formulas (I-42a) to (I-

4 2 u ) , ( I - 4 2 a k ) to ( I - 4 2 am) , ( I - 4 2 a p ) to ( I - 4 2 a r ) , ( I - 4 2 a z ) , 

(I-42be) _to (I-42bg), (I-42bj) to (I-42bl), (I-42bo), (I-

:.11 
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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 

5 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. 

10 (I-aiv-4a) : Compounds in which any one of K1 to K5 is a single 

bond and any one of rings A1 to A4 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; 

15 (I-aiv-4b): compounds in which in which any one of K1 to K5 is 

a single bond and any one of rings A1 to A4 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 K1 to K5 is 

20 - (CH2 ) 2 - and any one of rings A1 to A4 is trans-1, 4-

cyclohexylene have good co-solubility; 

(I-aiv-4d): compounds in which any one of K1 to K5 is -coo- and 

any one of rings A1 to A4 is 1,4-phenylene, 3-fluoro-1,4-

phenylene, or 3,5-difluoro-1,4-phenylene have reduced driving 

25 voltage because of broadened nematic phase; and 

(I-aiv-4e): compounds in which any one of K1 to K5 is -c=c­

and any~G.!1e of rings A1 to A4 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 A1 

to A3 each pref~rably represents trans-1,4-cyclohexylene, 1,4-

5 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-51a) to (I-511), (I-52a) 

to (l-52ax) and (I-53a) to (I-53ab) in which the side chain 

groups are (I-6a) to (I-6bc) and partial structures of the 

10 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-52ag), (I-52ak), (I-52an) to (I-52ax), (I-530) 

and (I-53r) to (I-53ab), thus obtaining more improved electro-

15 optical characteristics. 

Particul~rly, 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. 

20 (I-aiv-5a): C¢mpounds in which any one of K1 to K3 is a single 

bond and any one of rings A1 to A3 is 1,4-phenylene, 3-fluoro-

1,4-phen-ylene, or 3,5-difluoro-1,4-phenylene have medium or 

high birefringent index and comparatively large dielectric 

constant anisotropy; 

25 (I-aiv-5b): crompounds in which in which any one of K1 to K3 is 

a single bond and any one of rings A1 to A3 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 K1 to K3 is 

-(CH2 ) 2- and any one of rings A1 to A3 is trans-1,4-

cyclohexylene have good co-solubility; 

5 (I-aiv-5d): compounds in which any one of K1 to K3 is -COO- and 

any one of rings A1 to A3 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 K1 is -c=c- and rings A1 and A2 

10 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 A2 and A3 represent 1,4-phenylene, 3-fluoro-1,4-

phenylene, or 3,5-difluoro-1,4-phenylene have very high or 

comparatively· high birefringent index. 

15 (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 R1
, polar group Q1 , linking groups 

K1 to K5 and ~ings A1 to A4
, are substituted with a deuterium 

20 atom, in the-general formulas (I-1) to (I-5). These compounds 

are useful to adjust the elastic constant of the liquid 

crystal composition and to adjust the pre-tilt angle 

corresponding to the alignment film and therefore contain 

prefe~ably at least one compound substituted with a deuterium 

25 atom. 

( I-avij_;_ Compounds in which W1 to W3 represent HI F, Cl, CF3, 

---
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or OCF3 , in the general formulas (I-1) to (I-3) and (I-5). 

(I-aiv-1): In the case of the general formula (I-1), specific 

compounds are compounds having the structures of the general 

formulas (I-lla) to (I-13ab) in which the side chain groups 

5 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-7lb) to (I-7lh), (I-71j) to (I-71p), (I-

71r) to (I-71x), (I-71z) to (I-7laf), (I-71ah) to (I-71an) and 

10 (I-71ap) to (I-7lav), and more preferably compounds in which 

at least one of W1 and W3 is substituted with a polar group, 

particularly with F. If compounds in which at least one of W1 

to W4 is F or Cl and Q1 is F, Cl, CF3 , OCF3 , or OCF2H are 

contained practically as a principal component, the resulting 

15 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 Q1 is F, Cl, or CN are used 

practically as .a principal component, it becomes possible to 

obtain excellent electro-optical characteristics such as 

20 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 compounds in which the side chain groups are (I-

25 6a) to (I-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 general 

-r. 
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formulas (I-2la) to (I-23jp), compounds having the structures 

of the general formulas (I-2lb) to (I-2lh), (I-2lj) to (I-

2lp), (I-2lr) to (I-2laa), (I-2lad) to (I-2laj), (I-2lal) to 

(I-21ar), (I-21at) to (I-2laz), (I-21bb) to (I-2lbh), (I-2lbj) 

5 to (I-21bp), (I-+-2lbr) to (I-2lbx), (I-2lbz) to (I-21cf), (I-

21ch) to (I-21cn), (I-21cp) to (I-2lcv), (I-21cx) to (I-21dd), 

( I - 21 d f ) to ( I - 21d1 ) , ( I - 21 dn ) to ( I - 21 d t ) , ( I - 21 d v) to ( I -

21eb), (I-2led) to (I-21em), (I-21ep) to (I-21ey), (I-21fb) to 

(I-21fk), (I-21fn) to (I-2lfw), (I-21fz) to (I-2lgi), (I-2lgl) 

10 to (I-21gu), (I,...22b) to (I-22h), (I-22j), (I-221) to (I-22r), 

(I-22u), (I-22w), (I-22x), (1-=22aa) to (I-22ac), (I-22ag) to 

( I - 2 2 a i ) , ( I - 2 2 am) to ( I - 2 2 a o ) , ( I - 2 2 as ) to ( I - 2 2 au) , ( I - 2 2 a y ) 

to (I-22ba), (I-22be) to (I-22bg), (I-22bj) to (I-22bp), (I-

2 2 b r ) to ( I - 2 2 b.x ) , ( I - 2 2 b z ) to ( I - 2 2 cc ) , ( I - 2 2 c e ) , ( I - 2 2 cf ) , 

15 (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), 

20 (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-22hn) 

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-

25 23j), (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-23cv), (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-

5 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-

23jf) to (I-23jo), and more preferably compounds in which at 

10 least W1 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-

6a) to (I-6bc) and the partial structures of the polar group 

15 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-

31m) to (I-31v), (I-31x) to (I-3lag), (I-32b) to (I-32g), (I-

20 32i) to (I-32~), (I-32p) to (I-32z), (I-32ac) to (I-32ah), (I-

32aj) to (I-32ao), (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) 

25 to (I-32dv), .(I-32dx) to (I-32eh), (I-32ek), (I-32el), (I-

32en), (I-32ep), (I-33b) to (I-33h), (I-33j) to (I-33p), (I-· 

33r) to (I-33x), (I-33z), (I-33ab), (I-33ad), (I-33af) to (I-

.1. 
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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-33cq), (I-33cs) to 

5 (I-33cy), (I-33da), (I-33dc), (I-33de), (I-33dg), (I-33di), 

(I-33dk) to (I-33dp) I (I-33dr) I (I-33dt) r (I-33dv)' (I-33dx) 

and (I-33dz), more preferably compounds in which at least W1 

is substituted with a polar group, particularly with F. 

(I-avi-4): In the case of the general formula (I-5), specific 

10 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), preferably compounds in which the partial structures of 

15 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-7sav), (I-73ax) to (I-73bh) and (I-73bj) to (I-

73bt), and mor.e preferably compounds in which at least one of 

W1 and W2 is substituted with a polar group, particularly with 

20 F. If compounds in which at least one or both of W1 and W2 

represent F o~ Cl and Q1 is F, Cl, CF3 , OCF3 , or OCF2H are 

containecr-praqtically as a principal component, the resulting 

liquid crystai is superior in reduction in driving voltage and 

high voltage ~olding ratio of active TFT-LCD, STN-LCD, PDLC 

25 and PN-LCD. If compounds in which Q1 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 like. 

Compounds of sub-groups (I-avi-1) to (I-avi-4) broaden 

5 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 

10 electro-optical characteristics of STN-LCDs, TFT-LCDs, PDLCs, 

PN-LCDs or the like. 

(I-avii): Compounds in which X1 and X2 represent H, F, Cl, CF3 , 

or OCF3 , in the general formulas (I-2) to (I-4). 

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

15 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-21a) to ( I-2 lfx) , ( I-2 lgk) to (I-

20 2lgv), (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--22io), (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 

25 compounds are compounds having the structures of the general 

formulas (I-3la) to (I-33dz) in which the side chain groups 

are (I-6a) to (I-6bc) and the partial 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 formul,as (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), 

5 (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 

10 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-4lai), 

(I-42a) to (I-42ad), (I-42ah), (I-42ak) to (I-42bl), (I-42bn) 

15 to (I-42bt), (I-42ca), (I-42cg), (I-42cl), (I-42cr), (I-43a) 

to ( I - 4 3 q) , ( I- 4 3 v) , ( I - 4 3 a a) , ( I - 4 3 a f) , ( I - 4 3 a k) , ( I -4 3 am) , 

(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-

20 4lk), (I-4lx) to (I-4laa), (I-4laf) to (I-4lai), (I-42a) to 

(I-42u), (I-42ah), (I-42ak) to (I-42am), (I-42ao) 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-

2 5 4 3 a a ) , (I - 4 3 a f ) , ( I - 4 3 a k) , ( I - 4 3 am) , ( I - 4 3 a p ) , ( I - 4 3 a r ) , ( I -

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

(I-46g). 
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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 

5 which at least one or both of X1 and X2 represent F or Cl and 

Q1 is F, Cl, CF3 , OCF3 , or OCF2H 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-

10 72b), (I-72c), (I-72e), (I-72f), (I-72h) and (I-72i) in which 

Q1 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 

15 TN-LCDs, STN-LCDs, PDLCs, PN-LCDs or the like. 

(I-aviii): X3 in compounds of the general formulas (I-2) to 

(I-4) can be a CH3 group. These compounds are inferior in 

response characteristics but are superior in co-solubility, 

and therefore used to obtain various characteristics other 

20 than the response characteristics. In this case, the 

compounds are U$ed in the amount of 15% or less based on the 

total amotmt of the liquid crystal composition of the present 

invention. 

Although the liquid crystal component A of the present 

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

selected from one, two, or three or more compounds among the' 

sub-groups ( I-ai) to ( I-aviii) , the effects can be._obtained 
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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 

5 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 

10 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 

15 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 

20 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 

25 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 compou~ds 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 R1 is an alkyl or alkenyl group having 2 to 7 carbon 

atoms, Q1 is F, Cl, CF3 , OCF3 , or CN, and W1 to W3 represent H, 

5 F, Cl, CF3 , or OCF3 , 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 k1=k2=0, the ring A1 is trans-1,4-

cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-phenylene, 3,5-

10 difluoro-1,4-phenylene, naphthalene-2,6-diyl, 1,2,3,4-

tetrahydronaphthalene-2,6-diyl, or decahydronaphthalene-2,6-

diyl, and K1 is a single bond, -(CH2 ) 2-, -COO-, or -C=C-, 

specifically compounds of the general formula (I-11), and more 

preferably compounds having the structures of the general 

15 formulas (I-lla) to (I-111) and (I-llp) to (I-lly). If the 

ring A1 is a decahydronaphthalene-2,6-diyl ring, specifically 

in the case of compounds of the general formulas (I-llx) and 

(I-lly), compounds substituted with (I-74b) to (I-74cv) are 

also preferred. As a matter of course, compounds in which at 

20 least one of hydrogen atom, which are present in these rings, 

is substituted with a deuterium atom are also included. 

(I-bii): -Gompounds in which k1=k2=0, rings A1 and A2 represent 

trans-1,4-cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-

phenylene, 3r5-difluoro-1,4-phenylene, naphthalene-2,6-diyl, 

25 1,2,3,4-tetrahydronaphthalene-2,6-diyl, or 

decahydronaphthalene-2,6-diyl, and K1 and K2 represent a single 

bond, -(CH2 ) 2-, -coo-, or -C=C-, specifically compounds of the 

----
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general formu'la (I-12), and more preferably compounds having 

the structures of the general formulas (I-12a) to (I-12bd). 

If the ring A2 is a decahydronaphthalene-2,6-diyl ring, 

specifically in the case of compounds of the general formulas 

5 (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. 

10 If R1 is an alkyl or alkenyl group having 2 to 7 carbon 

atoms, Q1 represents F, Cl, CF3 , OCF3 , or CN, X1 and X2 

represent H, F, Cl, CF3 , or OCF3 , and W1 to W3 represent H, F, 

Cl, CF3 , or OCF3 , in the general formula (I-2), the following 

compounds are more preferred. 

15 (I-biii): Compounds in which k3=k4=0, the ring A1 is trans-1, 4-

cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-phenylene, or 3,5-

difluoro-1,4-phenylene, and K1 and K4 represent a single 

bond, -(CH2)2-, -COO-, or -C=C-, specifically compounds of the 

general formula (I-21), and more preferably compounds having 

20 the structures of the general formulas (I-2la) to (I-2laa), 

( I - 21 a k) to ( I - 21 em) , ( I - 21 e o) to ( I - 21 e y) , ( I - 21 fa) to ( I -

21fk), (r-21frn) to (I-21fw) and (I-21fy) to (I-21gi). 

If R1 is an alkyl or alkenyl group having 2 to 7 carbon 

atoms, Q1 represents F, Cl, CF3 , OCF3 , or CN, X1 and X2 

25 represent H, F, Cl, CF3 , or OCF3 , and W1 to W3 represent H, F, 

Cl, CF3 , or OCF3 , in the general formula (I-3), compounds of· 

the foll?wing sub-groups (I-biv) and (I-bv) are more 
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preferred. 

(I-biv): Compounds' in which k1=k2=0 and K3 is a single 

bond, -(CH2 ) 2 -, -coo-, or -c=c-, specifically compounds of the 

general formula (I-31), and more preferably compounds having 

5 the structures of the general formulas (I-31a) to (I-31ag). 

(I-bv): Compounds in which k1=0, k2=0, the ring A1 is 1,4-

phenylene, 3-fluoro-1,4-phenylene, or 3,5-difluoro-1,4-

phenylene, and K1 and K3 represent a single 

bond, -(CH2 ) 2-, -coo-, or -c=c-, specifically compounds of the 

10 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 R1 is an alkyl or alkenyl group having 2 to 7 carbon 

atoms, Q1 represents F, Cl, CF3 , OCF3 , or CN, and X1 and X2 

15 represent H, F, Cl, CF3 , 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 k5=k 6=k7=k8=0 and K5 is a single 

bond, -(CH2)2-, -(CH2)4-, or -coo-, specifically compounds of 

20 the general formula (I-41), and more preferably compounds 

having the structures of the general formulas (I-41a) to (I-

41ai). 

(I-bvii): Compounds in which k5=1, k6=k7=k8=0, the ring A1 is 

trans-1,4-cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-

25 phenyle-ne, or 3, 5-difluoro-1, 4-phenylene, and K1 and K3 

represent a single bond, -(CH2 ) 2-, or -COO-, specifically 

compounds 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) 

5 to (I-42dp). 

( I-bviii) : Compounds in which k7=1, k5=k6=k8=0, the ring A3 is 

trans-1,4-cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-

- phenylene, or 3,5-difluoro-1,4-phenylene, and K3 and K5 

-
represent a single bond, -(CH2)2-, or -COO-, specifically 

10 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 

15 of -CF2-, -CH2-0-, -CH=CH-, -CH=CF-, -CF=CF-, -CH=N-, -CF=N-, 

>CH-0-, >C=CH-, >C=CF-, >C=N-, >N-CH2-, >CH-CF<, >CF-CF<, 

>C=C< and Si, and more preferably compounds having the 

structures of the general (I-4la), (I-410), (I-4ls), (I-41t), 

(I-41ab), (I-42a), (I-42d), (I-42g), (I-42j) to (I-42m), (I-

20 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-4cq), (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) 

25 to (I-46g) 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, which are 
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present in these rings, is substituted with a deuterium atom 

are also included. 

If R1 is an alkyl or alkenyl group having 2 to 7 carbon 

atoms, Q1 is F, Cl, CF3 , OCF3 , or CN, and W1 to W3 represent H, 

5 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 k1=k2=0, the ring A1 is trans-1,4-

cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-phenylene, 3,5-

10 difluoro-1,4-phenylene, naphthalene-2,6-diyl, 1,2,3,4-

tetrahydronaphthalene-2,6-diyl, or decahydronaphthalene-2,6-

diyl, and K1 is a single bond, -(CH2 h-, -(CH2 ) 4-, or -COO-, 

specifically compounds of the general formula (I-51), and more 

preferably compounds having the structures of the general 

15 formulas I-51a) to (I-511) and (I-Slp) to (I-Sly). If the 

ring A1 is a decahydronaphthalene-2,6-diyl ring, specifically 

in the case of compounds of the general formulas (I-Slx) and 

(I-Sly), compounds substituted with (I-74b) to (I-74cv) are 

also preferred. As a matter of course, compounds in which at 

20 least one of hydrogen atom, which are present in these rings, 

is substituted with a deuterium atom are also included. 

( I-bxi) : GGmpounds in which k1=0, k2=0, rings A1 and A2 

represent trans-1,4-cyclohexylene, 1,4-phenylene, 3-fluoro-

1,4-phenylene, 3,5-difluoro-1,4-phenylene, naphthalene-2,6-

25 diyl, 1;2,3,4-tetrahydronaphthalene-2,6-diyl, or 

decahydronaphthalene-2,6-diyl, and K1 and K2 represent a single 

bond, -(CH2 ) 2-, -(CH2 ) 4-, 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 A2 is a decahydronaphthalene-2,6-diyl ring, 

specifically in the case of compounds of the general formulas 

5 (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 A1 to A4 represent a 

10 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 

15 preferred are (I-74a), (I-74e), (I-74au), (I-74bk), (I-74ck), 

(I-74cl), (I-74cn), (I-74cq), (I-74cr), (I-74ct) and (I-74cw) 

to (I-74dm). Particularly, compounds having (I-74cq) had 

excellent response characteristics and high nematic phase­

isotropic liquid phase transition temperature compared to 

20 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. 

25 Although the liquid crystal component A of the present 

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

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 

5 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 

10 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 

15 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 liquid crystal component A composed of compounds of 

20 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-

descr ibed sub-groups (I-ai) to (I-bxii), or the liquid crystal 

component A containing compounds capable of having two or more 

25 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 naphthalene-2,6-
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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 

5 and Cl compared to 1,4-phenylene. Therefore, the resulting 

liquid 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 

10 driving voltage in spite of large dielectric constant 

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 

15 adjustment of the size of K11 and K22 • 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 

20 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 

25 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 

5 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, -N02, -CF3 , -OCF3, -OCHF2 , -CN, -OCN, -NCS or 

the like. Consequently, it becomes possible to adjust the 

10 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 

15 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 

20 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 

25 compounds having a dielectric constant anisotropy within a 

range from +2 to +13 are mixed, twenty kinds or less, 

preferably 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 

5 the above manner exerts more pref erred 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. 

10 From such a point of view, more preferred mode of a basic 

structure in compounds represented by the general formulas 

(II-1) to (II-4) includes compounds represented by the general 

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

- -1.t - -
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(II-2a) R1 (II-2k) 

(II-2i) 

(II-2j) 
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(II-2x) R~CH2)4 ~-# ~ J - 2 1 -
R~CH2h-Q-co~1 (II-2y) 

1 

(II-2z) R~CH2),~0~1 
1 

(II-2aa) R~CH,),~0~1 

(II-2ab) R1-0:o~==c-c&1 
1 

(II-2ac) R~CH2),0-C==c~1 
1 

(II-2ad) R~CH2)r6c==c-c&1 
1 

(II-2ae) R~CH2)4==c~1 
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1 

(II-3a) (II-31) R~' 
1 

(II-3b) (II-3m) Ro-Ge~' 
1 

(II-3c) (II-3n) R~' 
F i 

(II-3d) (II-3o) R~~l 
y2 
1 -

R' ,-, I. J ~11 (II-3e) (II-3p) 

(II-3f) (II-3q) R~~1 
F 1 

(II-3g) (II-3r) 
\.A ~I 

1 

(II-3h) (II-3s) RVo~' 
1 

(II-3i) (II-3t) 

(II-3j) 
(II-3u) 

(II-3k) 
(Il-3v) 
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(II-4a) 

(II-4b) R1 
(II-4i) R1 

(II-4c) R1 
(II-4j) R1 

(II-4d) R1 
(II-4k) R1 

(II-4g) R1 

More pref erred mode of the side chain group R1 in the 

general formulas (II-1) to (II-4) includes compounds of the 

above-d~scribed general formulas (I-6a) to (I-6bc). 

5 More pref erred mode of the partial structural formula 

(II-5) QL.1,4-phenylene havi!}g_a polar group includes 
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compounds represented by the following general formulas (II-

Sa) to (II-Sr). 

1 

(ll-5) ~I 

(IJ-5a) -Q-cN 

(ll-5b)-6-cN 

(II-5c) 4N 
(II-5d)~ 

(ll-5e)~ 
(ll-5!) ~ 

(II-5g) -Q-c1 

(II-Sh) -d--c1 

(Il-5i) 41 

(II-5j) -0-CF3 (II-5m)-Q-ocF3 (II-5p) -Q-ocF2H 

(ll-Sk)-0--cF, (11-Sn)-d--ccF, (II-Sq) -0--ocF,H 

(II-51) 4F, (ll-50) 4cF, (II-5r) -cfocF,H 

The respective compounds are used after sufficient 

S 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 

10 the liquid- crystal component B and the effects of the present 

invention can be obtained by using the liquid crystal 

component B with the liquid crystal component A. 

(II-ai): Compounds in which R1 is an alkyl or alkenyl group 

having 2 to 5 carbon atoms, in the general formulas (II-1) to 

15 (II-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-Sa) to (II-Sr), and preferably compounds having 

5 the structures of the general formulas (II-la) to (II-11) and 

(II-2i) 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 Q1 is F, Cl, or -OCF3 , in the 

10 general formulas (II-1) to (II-4). Specific compounds are 

compounds having the structures of the general formulas (Il­

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-Sd) to (II-Si) and 

15 (II-Sm) to (II-So), and preferably compounds having the 

structures of the general formulas (II-la) to (II-11), (II-2f) 

to (II-2q), (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 

20 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 Q1 is CN and the both are 

used practically as a principal component, it becomes possible 

to obtain excellent electro-optical characteristics such as 

25 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 P2 is -(CH2 )2- or -(CH2 )4-, in the 

general formula (II-1). Specific compounds are compounds 

having the structures of the general formulas (II-le), (II­

ld), (II-lg) and (II-lh) in which the side chain groups are 

5 (I-6a) to (I-6bc) and the partial structures of the polar 

group are represented by the general formulas (II-Sa) to (II-

5r). 

(II-aiv): Compounds in which p1 is 1, in the general formula 

(II-1). Specific compounds are compounds having the 

10 structures of tbe general formulas (II-le) to (II-11) 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-Sa) to (II-5r). These compounds are suited for 

applications requiring low driving voltage and comparatively 

15 small birefringent index. 

(II-av): Compounds in which at least one of Y1
, Y2

, W1 , and W2 

is F, in the general formula (II-2). Specific compounds are 

compounds having the structures of the general formulas (II-

2a), (II-2c), (II-2f), (II-2i), (II-21), (II-2o), (II-2r), 

20 (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 

form u 1 as ( I I - 5 b ) , ( I I - 5 c ) , ( I I - 5 e ) , ( I I - 5 f ) , ( I I - 5 h ) , ( I I - 5 i ) , 

(II-5k), (II-51), (II-Sn), (II-5o), (II-5q) and (II-5r), or 

25 compounds having the structure of the general formulas (II-

2b), (II-2d), (II-2e), (II-2g), (II-2h), (II-2j), (II-2k), 

( I I - 2 m) ,--(I I - 2 n ) , ( I I - 2 p ) , ( tY::-2 q ) , ( I I - 2 s ) , ( I I - 2 t) , ( I I - 2 v ) , 
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(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-Sa) to (II-Sr), which are suited for applications 

5 to reduce the driving voltage. 

(II-avi): Compounds in which p 1 is 1 and P1 is -C=C-, in the 

general formula (II-2). Specific compounds are compounds 

having the structures of the general formulas (II-2o) to (II-

2q) and (II-~ab) to (II-2ae) in which the side chain groups 

10 are (I-6a) to (I-6bc) and the partial structures of the polar 

group are represented by the general formulas (II-Sa) to (II-

Sr), which are suited for applications requiring low driving 

voltage and comparatively small birefringent index. 

(II-avii): Compounds in which P2 is a single bond or -(CH2 ) 2-

15 and P1 -COO-, 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 

20 by the general formulas (II-Sa) to (II-Sr), which are suited 

for applications with low driving voltage. 

(II-aviiit---: Compounds in which at least one of Y1
, Y2

, and W1 

to W4 is F, in the general formula (II-3). Specific compounds 

are compounds having the structures of the general formulas 

25 (II-3a) ,- (II-3j), (II-3k), (II-3s), (II-3t) 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 
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(II-Sb), (II-Sc), (II-Se), (II-Sf), (II-Sh), (II-Si), (II-5k), 

(II-Sl), (II-Sn), (II-So), (II-Sq) and (II-Sr), 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 

5 side chain groups are (I-6a) to (I-6bc) and the partial 

structures of the polar group are represented by the general 

formulas (II-Sa) to (II-Sr), which are suited for applications 

to reduce the driving voltage. 

(II-aix): Compounds in which P3 is -C=C-, in the general 

10 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-Sa) to (II-Sr), which are suited for applications 

lS requiring low driving voltage and comparatively small 

birefringent index. 

(II-ax): Compounds in which P1 is a single bond or -C=C- and P3 

is -COO-, in the general formula (II-3). Specific compounds 

are compounds having the structures of the general formulas 

20 (II-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-Sa) to (II-Sr). 

(II-axi): Compounds represented by the general formula (II-4). 

Specific compounds are compounds having the structures of the 

2S 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 by the general formulas (II-Sa) to 
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(II-Sr). 

(II-axii): Compounds in which rings 81 to B3 represent trans-

1, 4-cyclohexylene and at least one of hydrogen atoms of this 

ring is substituted with a deuterium atom, in the general 

5 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 

10 general formulas (II-Sa) to (II-Sr). 

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 

15 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. 

20 (II-bi): Compounds in which R1 is an alkyl or alkenyl group 

having 2 to 5 carbon atoms, p 1 is 0, and Q1 is -CN, in the 

general fe-rmula (II-1). Specific compounds are compounds 

having the structures of the general formulas (II-la) to (II­

ld) in which the side chain groups are (I-6a) to (I-6d), (I-

25 6ah) to (I-6am) and (I-6av) to (I-6bc) the partial structures 

of the polar group are represented by the general formulas 

{II-Sa) to (II-Sc). 
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(II-bii): Compounds in which R1 is an alkyl or alkenyl group 

having 2 to 5 carbon atoms, p 1 is O, Q1 is F or -CN, and Y1 and 

Y2 represent H or F, in the general formula (II-1). Specific 

compounds are compounds having the structures of the general 

5 formulas (II-le) to (II-11) 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-Sa) to (II-Sf). 

(II-biii): Compounds in which R1 is an alkyl or alkenyl group 

10 having 2 to 5 carbon atoms, p 1 is 0, Q1 is -CN, and Y1
, Y2

, W1
, 

and W2 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 (l-6a) to (I-6d), (I-6ah) to (I-6am) and (I-6av) to 

15 (I-6bc) and the partial structure of the polar group are 

represented by the general formulas (II-5a) to (II-5c). 

(II-biv): Compounds in which R1 is an alkyl or alkenyl group 

having 2 to 5 carbon atoms, p 1 is 1, P2 is a single 

bond, -(CH2) 2-, or -COO-, P1 is a single bond, -COO-, or -C=C-, 

20 Q1 is F or -CN, and Y1
, Y2, W1

, and W2 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 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 

25 structure of the polar group are represented by the general 

formulap (II-5a) to (II-5f). 

(II-bv): Compounds in R1 is a-;-alkyl or alkenyl group having 2 
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to 5 carbon atoms, and one of P1 and P3 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 

5 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-bvi): Compounds in which R1 is an alkyl or alkenyl group 

10 having 2 to S carbon atoms and Y1
, Y2

, and W1 to W4 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 

15 partial structures of the polar group are represented by the 

general formulas (II-5a) to (II-5r). 

(II-bvii): Compounds in which R1 is an alkyl or alkenyl group 

having 2 to 7 carbon atoms and p 2+p3=0, in the general formula 

(II-4). Specific compounds are compounds having the 

20 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) aBd (I-6av) to (I-6bc) and the partial structures of 

the polar group are (II-Sa) to (II-Sr). 

(II-bviii): Compounds in which rings B1 to B3 represent trans-

25 1,4-cyclohexylene and at least one hydrogen atom of this ring 

is substituted with a deuterium atom, in the general formulas 

(II-1) and (II-2). Specific compounds are compounds having 

- -- ---'--" 
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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-Sa) to (II-Sr). 

s 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. 

10 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 

15 obtained by using such a liquid crystal component M in 

combination with the liquid crystal component A. 

(II-ci): Compounds in which R1 is an alkyl or alkenyl group 

having 2 to S carbon atoms, p 1 is 0, one of P1 and P2 is a 

single bond and other one is a single bond, -COO-, -(CH2) 2-, 

20 or - (CH2) 4, Q1 is F, Cl, CF3, OCF3, or OCF2H, and one or two of 

Y1 Y2 represent F, in the general formula (II-1). Specific 

compounds-are compounds having the structures of the general 

formulas (II-le) to (II-lk) in which the side chain groups are 

(I-6a) to (I-6d), (I-6ah) to (I-6am) and (I-6av) to (I-6bc) 

2S and the partial structures of the polar group are represented 

by the general formulas (II-Se), (II-Sf), (II-Sh), (II-Si), 
--

( II-Sk), (II-Sl), (II-Sn), (II-So), (II-Sq) and (II-Sr). 
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(II-cii): Compounds in which R1 is an alkyl or alkenyl group 

having 2 to S carbon atoms, p 1 is 1, P2 is a single 

bond, -(CH2 ) 2-, or -COO-, P1 is a single bond, -COO-, or -C=C-, 

Q1 is F, Cl, CF3 , OCF3 , or OCF2H, one or two of Y1 and Y2 

S represent F, and W1 and W2 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 

which the side chain groups are (I-6a) to (I-6d), (I-6ah) to 

(I-6am) and (!-6av) to (I-6bc) and the partial structures of 

10 the polar group are represented by the general formulas (II-

Se), (II-Sf), (II-Sh), (II-Si), (II-Sk), (II-Sl), (II-Sn), 

(II-So), (II-Sq) and (II-Sr). 

(II-ciii): Compounds in which R1 is an alkyl or alkenyl group 

having 2 to S carbon atoms, one of P1 and P3 is a single bond 

lS and other one is a single bond, -COO-, or -c=c-, Q1 is F, Cl, 

CF3 , OCF3 , or OCF2H, one or two of Y1 and Y2 represent F, and W1 

to W4 represent H and one or more of W1 to W4 represent F, in 

the general formula (II-3). Specific compounds are compounds 

having the structures of the general formulas (II-3a) to (II-

20 3x) 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 

structured-of the polar group are represented by the general 

form u 1 as ( I I - 5 e ) , ( I I - Sf ) , ( I I - Sh ) , ( I I - 5 i ) , ( I I - 5 k) , ( I I - 51 ) , 

(II-Sn), (II-So), (II-Sq) and (II-Sr). 

2 5 (I I-ci v): Compounds in which rings B1 to B3 represent trans-

1,4-cyciohexylene and at least three hydrogen atoms of this 

ring are substituted with a deuterium atom, in the general 
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formulas (II-1) 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 

S group are represented by the general formulas (II-Sa) to (II-

Sr). 

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), 

10 the content of the compounds as the liquid crystal component B 

being within a range from 10 to 100% by weight. 

Particularly pref erred mode in compounds represented by 

the general formulas (II-1) to (II-4) includes the liquid 

crystal component B containing the following compounds. 

lS (II-di): Compounds in which R1 is an alkyl group having 2 to 7 

carbon atoms, in the general formulas. Compounds in which R1 

is an alkenyl group of CpH2p+ 1-CH=CH-(CH2 )q (pis 0, 1, 2, or 3, 

q is 0 or 2), in the general formulas (II-1) and (II-2). 

Specifically, compounds having the structures of the general 

20 formulas (II-la), (II-le), (II-2a), (II-2c), (II-2d), (II-2i), 

(II-21), (II-2o), (II-3a), (II-31), (II-4a) to (II-4c) and 

(II-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 

2 S al kenyl group. 

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

contains at least one compound in which Q1 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-le), 

(II-2a), (II-2c), (II-2d), (II-2i), (II-21), (II-2o), (II-3a), 

5 (II-31) and (I!-4a) in which Q1 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 Q1 is 

10 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-2o) 

to (II-2q), (II-2ab) to (II-2ae) and (II-3k) to (II-3x) in 

which P1 and P3 represent -c=c- in the general formulas (II-2) 

and (II-3) are preferably used in a large amount based on the 

15 crystal liquid component B. 

(II-dv): If lower driving voltage is required, compounds of 

the general formulas (II-2a) to (II-4g) in which Q1 is F, Cl, 

or -CN and one of a pair of Y1 and Y2 is necessarily F in the 

general formulas (II-1) to (II-4) are preferably used in a 

20 large amount based on the crystal liquid component B. 

(II-dvi): Although compounds in which hydrogen atoms in the 

cyclohexan-e 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 

25 composition 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 1 to p 3 represent 0 in the general formulas 

(II-1), (II-2) and (II-4)" to the component "compound in which 

5 p 1 is 1 in the general formulas (II-1) and (II-2), compound in 

which p 2+p3=1 in the general fqrmula (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 

10 required, "compound in which p 1 is 1 in the general formulas 

(II-1) and (II-2), compound in which p 2+p3=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. 

15 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. 

20 The liquid crystal component B containing these compounds 

(II-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 particularly useful for preparation according to the 

purpose of the driving voltage, improvement in temperature 

25 dependency and improvement in response characteristics. 

Particularly, compounds of the general formulas (II-la) to 

(II-lg), (II-2a) to (II-2q), {Ir-2u) to (II-2x), (II-2ab) to 
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(II-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 

5 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-

10 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 

15 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 

20 formulas (II-1) to (II-4) related to the liquid crystal 

composition of the present invention, or a liquid crystal 

component-£ 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 

25 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 

5 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 

10 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 

15 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 

20 crystal component B is that the liquid crystal component B 

preferably contains any of compounds in which Q1 is F, 

Cl, -OCF3;-or -CN in the general formulas (II-1) to (II-4), 

compounds in which Y1 and Y2 represent F in the general 

formulas (II-1} to (II-4), compounds in which P1 is a single 

25 bond, -coo-, or -c=c- in the general formulas (II-2) and (II-

3) and .compounds in which p 1 is 0 in the general formula (II~ 

1). Particularly, compounds in which Q1 is F or -CN in the 



-~ 

1 B tv1AR 2003 

177 

general formulas (II-1) to (II-4) and/or compounds in which Y1 

and Y2 represent F in the general formulas (II-1) to (II-4) 

are preferred. 

The liquid crystal composition of the present invention 

5 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 component A as an essential component. Preferred 

examples of the liquid crystal component having a dielectric 

10 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 

15 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 

20 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 

25 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). 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 

5 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 

10 index and improve the sharpness, response characteristics and 

temperature characteristics thereof of TN-LCDs, STN-LCDs, TFT-

LCDs, PDLCs, PN-LCDs or the like. 

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

basic structure in compounds represented by the general 

15 formulas (III-1) to (III-4) includes compounds represented by 

the general formulas (III-la) to (III-4ac). 

---

·" 
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(III-la) 

~3 R ~ # (III-1 b) 

~~3 R 0 ~ J (IIJ-1 c) 

~ r-\)-R3 
R CH2) ~ # (IIl-ld) 

R~3 (Ill-le) 
R~3 (III-lf) 

~3 R # ~ # 
-

(III-lg) 

RV-0-Coo--Oi<a 

-
(lII- Jh) 

R~CHzk-{)-R• (III-Ji) 
R~oo~, (III-lj) 

~~3 
R CH2)2 ~ ; (III-lk) 

L{)-c ~a 
R H=CH ~ # 

(lII-11) 

L{)-c ~a 
R ~e ~ J (III-lm) 

R~CH2!2-()-co~a (III-Jn) 

R~H=ci+--()-coo-Q-iia (III-Jo) 

RL{)-coo-Q-coo-Q-iia (III-Jp) 

RL{)-coo-O-<cH,J,-{)-Ra (III-1 q) 

R~CH2!2~CH2!2-{)-R3 (III-Jr) 

RV-CH=rn-O-<cH,J,--0--i<a 

-· 
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(III-2a) RV{fi3 

(III-2b) R~3 

(III-2c) R2--G-Q--R3 

(III-2d) R~oo-Q-it3 

(III-2e) R~CH2)2-Q-R3 

(III-2f) R~3 

- (III-2g) RLQ-0-coo-Q-it3 

(III-2h) RLQ-0-ooc-Q-R3 

(III-2i) VD-< ~3 R ~ ;j CH2h 

(IIl-2j) R~oo~oo-Q-it3 

(III-2k) R~oo-Q--ooc-Q-R3 

(III-21) RVooc-Q--ooc-Q-R3 

(III-2m) R2-Q-ooc~oo-Q-R3 

(III-2n) R~OO~CH2)2-Q-R3 

(III-2o) RVooc~CH2h-Q-R3 

---
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(III-3a) R2~3 (III-3q) 2--0--0--C)-R R ~ fi ;-jj 3 

(III-3b) R~' (III-3r) ~ R ~ J ~-jj 3 

(III-3c) R~' (III-3s) ~ R ~ fi ~ -jj 3 

(III-3d) R2-Q-coo--Q-R3 

(III-3e) R~oo-0' 
~III-3t) 

3 

(III-3fl RL\J-co~' 
(III-3u) 3 

-
(IIl-3g) RL\J-co~' (III-3v) 

R~' 
(III-3h) RL\J-c ==e--Q-R3 (III-3w) 

(III-3i) ~ -0< 
(III-3x) ROoe-OQ-R3 

R \ J ==e \ /J 3 

(III-3j) R'-0-c,..~' (III-3y) ROo~' 

(III-3k) R~~c-0<' 
(III-3z) R2{)co~' 

ROo~' 
(III-31) RL{J-c~4' 

(III-3aa) 

ROo~' 
(III-3m) RL\J-c.,.?' 

(IIl-3ab) 

(Ill-3ac) 

(III-3n) RL\J-c=~' 
RLC)-<CH2)2~3 

(lll-3ad) ~ 

(III-3o) R1:-0c=?' 
RLC)-<CH2h ~-/j ~-/j 3 

H3 (l!l-3ae) ~ 

(III-3p) R~~3 R2--Q--<CH2)z ~ -, ~-# 3 



~ J oo-Q-R3 
(III-3ao) ~ 
~ - 3 
R~O ~J 

(lll-3~p) r-.. v ~3 
R~O~ 

(III-3aq) 

R~oo-()-R3 

(III-3ar) YA 
R~O ~;} 3 

(III-3as) 

RLQ--Q-rn~3 

(III-3at) C 3 

~~ R~==~3 

(III-3~u) r-..- J _ 
R~==e-Q--R3 

3 
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(III-3~v) _ r-=f 
3 R LQ--0-c==e--\_)-R 

(Ill-3aw) 
2 ~3 

R ~ J ==C~ 

(III-3ax) 4 
2_____/\______/\ .. ,.. - 3 
R~==c ;} 

(III-3~y)" V _ 
R~==e-\)-R3 

(III-3az) 
LF\______J\_f' x3 R~==C \;} 

(III-3ba) 

Li\______F\.,.. ? R~==C \ J 
3 

(III-3bb) 

2___/\__F\ ,.. ~ R~==C ~ J 3 

(III-3bc) C 3 

R2 3 

(III-3bd) 

RV-coo-Q-co~3 

(III-3be) 

R~CH2)-0-coo-Q-R3 

(III-3bt) 

RV-coo-Q-c==e-Q--R3 
(II~-3j.g( . 
R2---\.____j(CH2)-0c==~3 

(III-3bh) 

RV-co~3 

(III-3bi) 

R~CH2)~3 

1 B MAR 2003 
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(III-3bj) -0--0-03 R~J ~.Q J (III-3bx) R0~3 

(III-3bk) 3 (III-3by) Ro~3 

(III-3bl) R-0-0--0' (lll-3bz) R'-Qc~' 
(III-3ca) R'Oc~' (III-3bm) 

(III-3bn) (III-3cb) R'-Qc--c-qo;3 

-
(III-3cc) Ro 3 

(III-3bo) 3 

(III-3bp) (III-3cd) Ro~3 

(III-3bq) 3 (III-3ce) RO--c-do' 

(III-3br) R~' (III-3c:0 R'-0:--c&' 
(III-3cg) RO~' 

(III-3bs) 3 

(III-3bt) RQco - 3 (III-3ch) Ro~3 
~ /) ~ /) 

R<dcooexfl' (III-3bu) (III-3ci) R~3 

(III-3bv) R'-Qco~3 
(III-3ck) R©oo-0' 

(III-3bw) ROCH212003 (IIl-3cj) R0Q-co~3 

.I. 
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(lll-3cl) ROOoo-0' <m-3cu) ROO~, 
(I!I-3cm) R1QO-coo03 

(III-3cv) R1QO-c-O' 
(III-3cn) R@ocO' (IIl-3cw) ROO~O, 
(III-3co) ROOocO' (JII-3cxl ROOecO' 
(III-3cp) R1QO-co~3 (III-3cy) R~~' --

Roqc~o3 ROOo~' 
(III-3cz) (III-3cq) 

(III-3da) R<Q04' R@o~' (III-3cr) 

(Jll-3db) Roo~' (III-3cs) R~Oc03 
(IIl-3dc) ROO~, (III-3ct) Rro~' 

(III-3dd) RLQ-coo-Q-coo-Q-R3 

(III-3de) R~CH2)-0-coo-Q-R3 

(III-3df) RLQ-c==c-Q-coo-Q-R3 

(III-3dg) RLQ-coo-Q-c=e-Q-R3 
(III-3dh) R~CH2)-0-c==e-Q-R3 

OII-3di) RLQ-c==c-0-c==e-\J-R3 
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(III-4a) 2~3 (IIl-4p) ~3 R ~ /J ~ J R ~ ;; ~ # 

(III-4b) ~3 (III-4q) ~3 R ~ /J ~ J R ~ ;; ~ J 

(III-4c) (III-4r) R~3 

(III-4d) 3 (III-4s) 3 

(III-4e) (III-4t) R~3 

- (III-4t) 3 (III-4u) R~3 
(III-4g) 3 (III-4v) 3 

(III-4h) ~3 R ~ /J ~ # (III-4w) ~3 R ~ # ~ # 

(III-4i) R~3 (III-4x) R~3 

(IIl-4j) 3 (III-4x) 

(III-4k) 3 (IIl-4y) ~3 R ~ # ~ # ~ # 

(III-41) 3 (III-4z) 3 

(III-4m) 3 (III-4aa) R 2 3 

(III-4n) (III-4ab) R2 3 

(III-4o) 3 3 

_i. 
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More preferred mode of the formulas (III-51) and (II-52) 

in side chain groups R2 and R3 are compounds represented by the 

general formulas (III-Sa) to (III-Sbf) described below. 

(III-51) RL (III-52) RL 

(III-5a) CH3 
(III-5b) C2Hr 
(III-5c) C3Hr 
(III-5d) C4Hr 
(III-Se) CsH1r 

(III-Sf) C6H13 
(III-5g) C1H1r 

(III-5v) CH30CH2 
(IIl-5w) CH30C2Hr 
(III-5x) CH30C3H5 
(III-5y) CH30C4Hs 
(III-5z) CH30CsH10 

(III-5ak) CH2=CH-
(III-5al) CH3CH==CH-
(IIl-5am) C2H5CH=CH-
(Ill-5an) C3H1CH=CI+-

(III-5h) CH30-
(III-Si) C2Hs0-
(III-5j) C3H70-
(III-Sk) C4H90-
(III-51) CsH110-

(III-Sm) CGH130-
(III-Sn) C1H1s0-

(III-Saa) C2HsOCH2 
(III-5ab) C2HsOC2Hr 
(III-Sac) C2HsOC3H5 
(III-Sad) C2HsOC4Hg­
(I11-5ae) C2HsOCsH10 

(IIl-5o) CH3COO­
(III-5p) C2HsCOO­
(IIl-5q) C3H7COO­
(IIl-Sr) C4H9COO­
(IIl-5s) CsH11 COO­

(III-St) C6H13COO­
(III-Su) C1H1sCOO-

(III-5af) C3H10CH2 
(III-5ag) C3H10C2Hr 
(III-5ah) C3H10C3H5 
(III-5ai) C3H10C4Hg­
(III-5aj) C3H10CsH10 

(III-5ar) CH2=CHCH2cr-
(III-5as) CH3CH=CHCH20-
(III-5at) C2H5CH=CHCH20-
(Ill-5au) CH2=CHC3H6cr-

(III-5ao) CH2=CHC2Hr 
(III-5ap) CH3CH2=CHC2Hr 
(III-5aq) CH2=CHC2HsCH=C.l-r-

(III-5av) CH2=CHC4Hs0-

(III-5aw) CH3CH2=CHC4HsO­
(IIl-Sax) CH2=CHC2HsCH=CHCH20-

(III-5ay) CHF=CH­

(IIl-5az) CH2=CP.­

(III-5ba) CF2=CI+­

(IIl-5bb) CHF=CF-

(III-5bc) CHF=CHC2Hr 

(III-5bd) CH2=CFC2Hr 

(III-5be) CF2=CHC2Hr 

(III-5bfj CHF=CFC2Hr 

5 The respective compounds are used after sufficient 

purification by removing impurities using a means such as 

distillation, column purification, recrystallization or the 

like. 

Th~.Jiquid 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 

(III-2), compounds represented by the general formula (III-3), 

5 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 

10 (III-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 

15 obtain the effects of the present invention. 

(III-ai): Compounds in which R2 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 

20 group R3 represents (III-Sa) to (II-Sbf) and side chain group 

R2 represents (III-Sak) to (II-Sap), (III-Sar) to (III-Saw) 

and (III-!Jo.y) to (III-Sbf), which improve the response 

characteristics by a reduction in viscosity and 

viscoelasticity and improve the nematic phase-isotropic liquid 

2S phase transition temperature, 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 R3 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) 

5 in which the side chain group R2 represents (III-Sa) to (II-

Sbf) and the side chain group R3 represents (III-Sak) to (III-

Sbf), which improve the response characteristics by a 

reduction in viscosity and viscoelasticity and improve the 

nematic phase-isotropic liquid phase transition temperature, 

10 thus obtaining more improved electro-optical characteristics 

of TN-LCDs, STN-LCDs, TFT-LCDs, PDLCs, PN-LCDs or the like. 

(III-aiii): Compounds in which m1 is 0 and M2 is a single bond 

or -(CH2 ) 2-, in the general formula (III-1), and specifically 

compounds having the structures of the general formulas (III-

15 la) and (III-le) in which side chain groups R2 and R3 are (III-

Sa) to (III-Sbf). 

(III-aiv): Compounds in which m1 is 1, in the general formula 

(III-1), and specifically compounds having the structures of 

the general formulas (III-ld) to (III-lr) in which side chain 

20 groups R2 and R3 are (III-Sa) to (III-Sbf). 

(III-av): Compounds represented by the general formula (III-

2), and specifically compounds having the structures of the 

general formulas (III-2a) to (III-2o) in which R2 and R3 are 

(III-Sa) to (III-Sbf). 

25 (III-avi): Compounds in which at least one of Z1
, Z2

, and W1 to 

W3 is F, in the general formula (III-3), and specifically 

compounds having the structures of the general formulas (III-

.:I; 



-

1 B MAR 1003 
189 

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 

(III-3az), (III-3bk), (III-3bl), (III-3bn) to (III-3bs), (III-

5 3bu), (III-3bv), (III-3by) to (III-3ch) and (III-3ck) to (III-

3dc) in which side chain groups R2 and R3 are (III-Sa) to (III-

5bf). 

(III-avii): Compounds in which Z3 is F or -CH 3 , in the general 

formula (III-3), and specifically compounds having the 

10 structures of the general formulas (III-3m) to (III-3o), (III-

3v), (III-3w), (III-3ai), (III-3aj), (III-3aq) to (III-3as), 

(III-3az) to (III-3bb), (III-3bm), (III-3bq) and (III-3cg) in 

which side chain groups R2 and R3 (III-Sa) to (III-5bf). 

(III-aviii): Compounds in which m1 is 0 and M3 is a single 

15 bond, in the general formula (III-3), and specifically 

compounds having the structures of the general formulas (III-

3a) to (III-3c) in which side chain groups R2 and R3 are (III­

Sa) to (III-5bf). 

(III-aix): Compounds in which m1 is 1 and M1 is a single 

20 bond, -OCO-, -CH20-, -OCHr, -(CH2) 2-, -(CH2) 4-, -CH=CH­

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

N=CH-, -Nto)=N-, -CH=CH-, or-CF=CF-, in the general formula 

(III-3), and specifically compounds having the structures of 

the general formulas (I I I-3q) to (I I I-3w) , ( III-3ac) to (I I I-

25 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 

chain gr~ups R2 and R3 are (III-Sa) to (III-Sbf). 
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(III-ax): Compounds in which M1 is -coo- or -C=C- and M3 

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

N=CH-, -N(O)=N-, -CH=CH-, -CF=CF-, or -c=c-, in the general 

5 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 R2 and R3 are 

(III-Sa) to (III-Sbf). 

(III-axil: Compounds represented by the general formula (III-

10 4), and specifically compounds having the structures of the 

general formulas (III-4a) to (III-4ac) in which side chain 

groups R2 and R3 are (III-Sa) to (III-Sbf). 

(III-axii): Compounds selected from compounds in which rings 

C1 to C3 representtrans-1,4-cyclohexylene and at least one of 

15 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-2o), (III-3q) to (III-3bi), (III-

4c), (III-4d), (III-4h), (III-4r), (III-4s) and (III-4w) in 

20 which side chain groups R2 and R3 are (III-Sa) to (III-5bf). 

A nematic liquid crystal composition containing one, or 

two or more kinds of compounds selected from compounds shown 

in these sub-groups (III-ai) to (III-axii) is preferred. 

Pref erred mode in compounds represented by the general 

25 formulas (III-1) to (III-4) is a liquid crystal component C 

containing the following compounds. 

(III-bi): Compounds in which----P:- is an alkyl group having 1 to 
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S carbon atoms or an alkenyl group having 2 to S carbon atoms, 

R3 is an alkyl or alkoxy group having 1 to 5 carbon atoms, or 

alkenyl or alkenyloxy group having 2 to S carbon atoms, m1 is 

O, and M2 is a single bond, -COO-, or -(CH2 ) 2-, in the general 

S formula (III-1), and specifically compounds having the 

structures of the general formulas (III-la) to (III-le) in 

which the side chain group R2 represents (III-Sa) to (III-Se) 

and (III-Sak) to (III-Sap) and the side chain group R3 

represents (III-Sa) to (III-Se), (III-Sg) to (III-Sl), (III-

10 Sak) to (III-Sap), (III-Sar) to (III-Saw), (III-Say) to (III-

Sbf). 

(III-bii): Compounds in which R2 is an alkyl group having 1 to 

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

R3 is an alkyl or alkoxy group having 1 to S carbon atoms, or 

lS alkenyl or alkenyloxy group having 2 to S carbon atoms, m1 is 

1, the ring C1 is trans-1,4-cyclohexylene, and one of M1 and M2 

is a single bond and other one is a single bond, -COO, 

or -(CH2 } 2-, in the general formula (III-1), and specifically 

compounds having the structures of the general formulas (III-

20 ld), (III-lg) to (III-lj) in which the side chain group R2 

represents (III-Sa) to (III-Se) and (III-Sak) to (III-Sap) and 

the side chain group R3 represents (III-Sa} to (III-Se), (III-

5g) to (III-Sl), (III-Sak) to (III-Sap), (III-Sar) to (III-

Saw) and (III-5ay) to (III-Sbf). 

2S (III-biii): Compounds in which R2 is an alkyl group having 1 

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

atoms, R3 is an alkyl or alkoxy group having 1 to S carbon 
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atoms, or alkenyl or alkenyloxy group having 2 to S carbon 

atoms, the ring C2 is trans-1,4-cyclohexylene or trans-1,4-

cyclohexenylene, m1 is 0, and M2 is a single bond, -COO, 

or -(CH2 ) 2-, in the general formula (III-2), and specifically 

5 compounds having the structures of the general formulas (III-

2a) to (III-2e) in which the side chain group R2 represents 

(III-Sa) to (III-5e) and (III-Sak) to (III-Sap) and the side 

chain group R3 represents (III-5a) to (III-Se), (III-Sg) to 

(III-Sl), (III-Sak) to (III-Sap), (III-Sar) to (III-Saw) and 

10 (III-Say) to (III-Sbf). 

(III-biv): Compounds in which R2 is an alkyl group having 1 to 

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

R3 is an alkyl or alkoxy group having 1 to S carbon atoms, or 

alkenyl or alkenyloxy group having 2 to S carbon atoms, the 

15 ring C2 is trans-1,4-cyclohexylene or trans-1,4-

cyclohexenylene, m1 is 1, and one of M1 and M2 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 R2 represents 

20 (III-Sa) to (III-Se) and (III-5ak) to (III-Sap) and the side 

chain group R3 represents (III-Sa) to (III-Se), (III-Sg) to 

(III-Sl), -(III-Sak) to (III-Sap), (III-Sar) to (III-Saw) and 

(III-Say) to (III-Sbf). 

(III-bv): Compounds in which R2 is an alkyl group having 1 to 

25 5 carbon atoms or an alkenyl group having 2 to S carbon atoms, 

R3 is an alkyl or alkoxy group having 1 to 5 carbon atoms, or 

alkenyl or alkenyloxy group hav.ing 2 to 5 carbon atoms, m1 is 
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0, and M3 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 

(III-3h) to (III-3p) in which the side chain group R2 

S represents (III-Sa) to (III-Se) and (III-Sak) to (III-Sap) and 

the side chain group R3 represents (III-Sa) to (III-Se), (III-

Sg) to (III-Sl), (III-Sak) to (III-Sap), (III-Sar) to (III-

Saw) and (III-Say) to (III-5bf). 

(III-bvi): Compounds in which R2 is an alkyl group having 1 to 

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

R3 is an alkyl or alkoxy group having 1 to S carbon atoms, or 

alkenyl or alkenyloxy group having 2 to S carbon atoms, m1 is 

1, M1 is a single bond, -(CH2 )z-, -coo-, or -c=c-, and M3 is a 

single bond, -COO-, or -c=c-, in the general formula (III-3), 

lS and specifically compounds having the structures of the 

general formulas (III-3q) 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 R2 represents (III-Sa) to (III-Se) 

and (III-Sak) to (III-Sap) and the side chain group R3 

20 represents (III-Sa) to (III-Se), (III-Sg) to (III-Sl), (III-

Sak) to (III-Sap), (III-Sar) to (III-Saw) and (III-Say) to 

(III-Sbf) .-

(III-bvii): Compounds in which R2 is an alkyl group having 1 

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

2S atoms, R3 is an alkyl or alkoxy group having 1 to S carbon 

atoms, -or-alkenyl or alkenyl8*¥- group having 2 to--5. carbon 

_,, 



1 8 MAR 2003 
194 

atoms, m1 is 1, one of M1 and M3 is a single bond and other one 

is a single bond or -c=c-, and at least one of W1 and W2 is F, 

in the general formula (III-3), and specifically compounds 

having the structures of the general formulas ( III-3r), (III-

5 3t), (III-3au), (III-3aw), (III-3ay), (III-3bk), (III-3bn), 

(III-3bo), (III-3bz), (III-3cb), (III-3ce), (III-3cf), (III-

3cu), (III-3cx) and (III-3cz) in which the side chain group R2 

represents (III-Sa) to (III-Se) and (III-Sak) to (III-Sap) and 

the side chain group R3 represents (III-Sa) to (III-Se), (III-

10 5g) to (III-Sl), (III-Sak) to (III-Sap), (III-Sar) to (III­

Saw) and (III-Say) to (III-Sbf). 

(III-bviii): Compounds in which R2 is an alkyl group having 1 

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

atoms, R3 is an alkyl or alkoxy group having 1 to S carbon 

lS atoms, or alkenyl or alkenyloxy group having 2 to S carbon 

atoms, and any one of Z2 and Z3 is substituted with F or CH3 , 

in the general formula (III-3), and specifically compounds 

having the structures of the general formulas (III-3c), (III-

3f), (III-3g), (III-3j), (III-31) to (III-3o), (III-3s), (III-

20 3u) to (III-3w), (III-3z), (III-3ab), (III-3ae), (III-3ag), 

(III-3ai), (III-3aj), (III-3am), (III-3ao), (III-3aq) to (III-

3as), (IIl-3av), (III-3ax), (III-3az) to (III-3bb), (III-3bl), 

(III-3bm), (III-3bp) to (III-3bs), (III-3bv), (III-3ca), (III-

3cc), (III-3cd}, (III-3cg), (III-3ch), (III-3cm) to (III-3cs), 

2S (III-3cv) to (III-3cx) and (III-3da) to (III-3dc) in which the 

side chain group R2 represents (III-Sa) to (III-Se), (III-Sak) 

to (III-S~p) and the side chain group R3 represents (III-Sa) 
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to (III-5e), (III-5g) to (III-51), (III-5ak) to (III-5ap), 

(III-Sar) to (!II-Saw) and (III-Say) to (III-Sbf). 

(III-bix): Compounds in which R2 is an alkyl group having 1 to 

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

5 R3 is an alkyl or alkoxy group having 1 to 5 carbon atoms, or 

alkenyl or alkenyloxy group having 2 to S carbon atoms, and 

m2 +m3=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 R2 represents 

10 (III-Sa) to (III-Se) and (III-Sak) to (III-Sap) and the side 

chain group R3 represents (III-Sa) to (III-Se), (III-Sg) to 

(III-Sl), (III-Sak) to (III-5ap), (III-Sar) to (III-Saw) and 

(III-Say) to (III-5bf). 

Preferred is a nematic liquid crystal composition 

15 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 

20 formulas (III-1) to (III-4) is a liquid crystal component C 

containing the following compounds. 

The liquid 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 

25 viscoelasticity, thus leading to comparatively high holding 

ratio of the resistivity and voltage. The viscosity of the 

liquid crystal component C is preferably small as possible. 
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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-

5 ci) having the structures represented by the general formulas 

(III-la) to (III-lf), (III-lk) _, (III-2a) to (III-2f), (III-

3a), (III-3h) to {III-3j), (III-3o), (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), 

10 preferably compounds (III-ci) in which R2 is a straight-chain 

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

CpH2p+1-CH=CH- (C!i2 ) q (p=O, 1, 2, or 3 and q=O or 2) and R3 is a 

straight-chain alkyl group having 1 to 5 carbon atoms or an 

alkenyl group of CpH2p+1-CH=CH-(CH2 )q(p=O, 1, 2, or 3 and q=O or 

15 2) among the compounds (III-ci), and more preferably compounds 

(III-ciii) having the structure represented by the general 

formulas (III-la), (III-ld), (III-2a), (III-2f), {III-3a), 

(III-3h), (III-3p) and (III-3q) in which both side chain 

groups are alkenyl groups. 

20 Although the liquid crystal component C of the present 

invention can be composed of each of the compounds represented 

by the gerreral formulas (III-1), (III-2), (III-3) and (III-4) 

alone, the birefringent index of the liquid crystal 

composition can be easily optimized according to applications 

25 by using (III-civ): "compounds represented by the general 

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

the general formulas (III-la), (III-ld), (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 M1 is a single bond, -c=c-, 

or -CH=N-N=CH- in the general formula (III-3), and 

5 specifically compounds of the general formulas (III-3a), (III-

3h), (III-3p), (III-3q), (III-3at), (III-4a) and (III-4h)" 

(III-cv). Generally, the birefringent index can be reduced by 

Using the compounds of the general formulas (III-1) and (III-

2), for example, compounds of the general formulas (III-la) to 

10 (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 

15 the general formulas (III-3), for example, compounds of the 

general formulas (III-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 

20 display element having a liquid crystal layer having a 

thickness within a range from 1 to 5 µm. 

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), 

25 the content of the compounds as the liquid crystal component M 

being within a range from 10 to 100% by weight. 

Al th_ough the liquid crystal component C of the present 
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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 

5 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. 

10 The present invention includes a liquid crystal 

composition containing 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 

15 characteristics 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 

20 (III-bi) to (lII-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 liquid crystal composition comprising the liquid 

crystal compo~ent B and liquid crystal component C. It is 

25 considered th$t this is caused by a compound characterized by 

a molecular structure having, as a partial structure, non-

substituted or substituted naphthalene-2,6-diyl, 

::11 
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decahydronaphthalene-2,6-diyl and 1,2,3,4-

tetrahydronaphthalene-2,6-diyl rings, and particularly a 

plate-like str~cture thereof. 

The liquid crystal component C containing these compounds 

5 (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 is particularly useful for preparation according to the 

- purpose of the driving voltage, improvement in temperature -
dependency and improvement in response characteristics. These 

10 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. 

15 The liquid crystal composition of the present invention, 

which is obtained 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 

20 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 

25 of liquid crystal display characteristics due to an 

improvement in co-solubility and storage at low temperature, 

thereby ~aking 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-

5 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 

10 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 

15 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-

20 2,5-diyl; and the linking group 

CH=CH-, -CH=N-, or -CH=N-N=CH-. Particularly preferred are 

alkyl group, alkenyl group, 1,4-phenylene, trans-1,4-

cyclohexene, - (CH2) r and - (CH2) r. 

25 The alignment film used in TN-LCDs, STN-LCDs or TFT-LCDs 

is exclusively a polyimide film and examples thereof include 

LX1400, S_ElSO, SE610, AL1051, AL3408 and the like. Liquid 
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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. 

5 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 

10 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 

15 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-

20 tilt angle is controlled in the following manner. Larger pre-

tilt angle can be obtained by increasing the content of 

compounds-in which R1 is an alkenyl group, Q1 is F, Cl, or -CN, 

and Y1 and Y2 ·represent F in the general formula (II-1) and/or 

compounds in which R1 is an alkenyl group, Q1 is F, Cl, or -CN, 

25 and M2 is -C2H4- or -C4H8- in the general formula (II-1), while 

smaller pre-tilt angle can be obtained by increasing the 

content of compounds in which R-1 is an alkenyl gr~up or C5 H25 +1-

:1. 
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0-CtHzt, Q1 is F, Y1 is F, and Y2 is H in the general formula 

(II-1) and/or compounds in which M2 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-

5 tetrahydronaphthalene-2,6-diyl ring in the general formulas 

(I-1) to (I-5). or rings A1 to A4 in the general formulas (I-1) 

to (I-5) are cyclohexane rings, or rings B1 to B4 in the 

general formulas (II-1), (II-2) and (II-4) are cyclohexane 

rings, or rings C1 to C4 in the general formulas (III-1) to 

10 (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 

15 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 

20 active TFT-LCOs, 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 

25 matter and oxygen and the like. Higher voltage holding ratio 

can be nearly obtained by incorporating the above-described 

compound~ in the amount within a range from 10 to 40% by 
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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 

5 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, 

10 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. 

15 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 

20 general formulas (I-lla) 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 

represented by the general formulas (I-11) and (I-12), the 

content is pr~ferably selected within a rage of 5 to 30% by 

25 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 

5 compounds and the content of compounds represented by the 

general formulas (I-2la) 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 

10 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 

15 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-31a) to (I-33dz) is preferably within a 

range from 5 to 100% by weight based on the liquid crystal 

20 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, range. 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 

25 crystal component A. 

When Using the compounds represented by the general 

formula (I-4), the content is preferably 15% by weight 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 

5 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 

10 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 

15 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, 

20 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 

25 represented by the general formulas (I-51) and (I-52), the 

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

weight, ~ange 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 

5 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 

10 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 

15 (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 

20 from 50 to 100% 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 

25 is preferred to contain, as the liquid crystal component A, 50 

to 100%. by weight of compounds in which Q1 is F, Cl, CF3, OCF], 

or OCF2H, X1 and X2 represent H, F, Cl, CF3, or OCF3 , and K1 to 
---
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K5 represent a single 

or -(CH2 ) 2-CH•CH- in the general formulas (I-1) to (I-5). When 

using in combination with the liquid crystal component B, it 

5 is preferred to contain, as the liquid crystal component B, 50 

to 100% by weight of compounds- in which Q1 is F, Cl, CF3 , OCF3 , 

or OCF2H, Y1 and Y2 represent H, F, Cl, CF3 , or OCF3 , and P1 to 

P3 represent a single 

10 or -(CH2 )rCH•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 

15 (I-4), anoth~r preferred mode of the liquid crystal component 

A includes tqe following compounds. 

(i): Compounds in which Q1 is F, Cl, CF3 , OCF3 , or OCF2H, X1 is 

when Using tne compounds of the general formulas (I-2) to (I-

20 4). 

(ii): Compounds in which Q1 is F, Cl, CF3 , OCF3 , or OCF2H, X1 is 

F, and X2 ~s Cl, CF3 , OCF3 , or OCF2 H, when Using the compounds 

of the genera,1 formulas (I-2) to (I-4). 

(iii): Compounds in which Q1 is F, Cl, CF3 , OCF3 , or OCF2H, X1 

25 is F, X2 is H' or F, and one of W1 to W3 is F, Cl, CF3 , OCF3 , or 

OCF2H, when Using the compounds of the general formulas (I-2) 

to (I-3). 



1 B MAR 2003 

208 

(iv): Compounds in which Q1 is F, Cl, CF3 , OCF3, or OCF2H, X1 is 

F, x2 is Hor 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-74cq) to (I-74dm), and more preferably (I-

5 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 Q1 is F, Cl, CF3, OCF3, 

_ or OCF2H, X1 is F, and X2 is H or F in the general formulas (I-

2) to (I-4), they are used in combination with compounds (i) 

10 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. 

15 (vi) : Compounds in which Q1 is F, Cl, CF3, OCF3 , or OCF2H, Y1 is 

H, Cl, CF3, OCF3, or OCF2H, and Y2 is H, Cl, CF3, OCF3, or 

OCF2 H, when Using the compounds of the general formulas (II-1) 

to (II-4). 

(vii): Compounds in which Q1 is F, Cl, CF3, OCF3, OCF2H, Y1 is 

20 F, and Y2 is Cl, CF3, OCF3, or OCF2 H, when Using the compounds 

of the general formulas (II-1) to (II-4). 

(viii): Compounds in which Q1 is F, Cl, CF3, OCF3 , or OCF2H, Y1 

is F, Y2 is H, · and at least one of W1 to W4 is H, F, Cl, CF3, 

OCF3, or OCF2H, when Using the compounds of the general 

2 5 form u 1 as ( I I - l ) to ( I I - 4 ) . 

(ix): Compounds in which Q1 is F, Cl, CF3, OCF3, or OCF2H, Y1 

and Y2 represept F, and at least one of W1 to W4 is Cl, CF3 , 
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OCF3, or OCF2H, when Using the compounds of the general 

formulas (II-1) to (II-4). 

{:x): When Using the compounds in which Q1 is F, Cl, CF3, OCF3, 

or OCF2H, and Y1 and Y2 represent F in compounds of the general 

5 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 

10 below. 

{xi): Combination with compounds in which Q1 is F, Cl, CF3, 

OCF3 , or OCF2H, X1 is F, Cl, CF3, OCF3 , or OCF2H, and X2 is H, 

F, Cl, CF3, OCF3, or OCF2H in the general formulas (I-2) to {I-

4) when Using the compounds in which Q1 is F, Cl, CF3, OCF3 , or 

15 OCF2H, and X1 and X2 represent H in the general formulas { I-2) 

to {I-4). 

(:xii): Combination with compounds in which Q1 is F, Cl, CF3, 

OCF3, or OCF2H, Y1 is H, F, Cl, CF3, OCF3 , or OCF2H, and Y2 is 

H, F, Cl, CF3, OCF3 , or OCF2H in the general formulas (II-1) to 

20 (II-4) when Using the compounds in which Q1 is F, Cl, CF3, 

OCF3, or OCF2H, and X1 and X2 represent H in the general 

formulas Tl-2) to (I-4). 

(xiii): Combination with compounds in which Q1 is F, Cl, CF3, 

OCF3, or OCF2H,: X1 is F, and X2 is F, Cl, CF3, OCF3, or OCF2H in 

25 the general formulas {I-2) to (I-4) when Using the compounds 

in which Q1 is F, Cl, CF3, OCF3, or OCF2H, X1 is F, and X2 is H, 

Cl, CF3, OCF3, or OCF2H 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 Q1 is F, Cl, CF3, 

OCF3, or OCF2H, X1 is F, and X2 is H, Cl, CF3, OCF3, or OCF2H in 

5 the general formulas (II-1) to (II-4) when Using the compounds 

in which Q1 i$ F, Cl, CF3, OCF3~ or OCF2H, X1 is F, and X2 is H, 

Cl, CF3, OCF3, or OCF2H in the general formulas (I-2) to (I-4). 

(xv): Combination with compounds in which Q1 is F, Cl, CF3, 

OCF3, or OCF2H, Y1 is F, and Y2 is F, Cl, CF3, OCF3, or OCF2H in 

10 the general formulas (II-1) to (II-4) when Using the compounds 

in which Q1 is F, Cl, CF3, OCF3, or OCF2H, X1 is F, and X2 is H, 

Cl, CF3, OCF3, or OCF2H in the general formulas (I-2) to (I-4). 

(xvi): Combination with compounds in which Q1 is F, Cl, CF3, 

OCF3, or OCF2H, Y1 is H, Cl, CF3, OCF3, or OCF2H, and Y2 is H, 

15 F, Cl, CF3, OCF3, or OCF2H in the general formulas (II-1) to 

(II-4) when Using the compounds in which Q1 is F, Cl, CF3 , 

OCF3, or OCF2H, X1 is F, and X2 is H, Cl, CF3 , OCF3 , or OCF2H 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 

20 general formulas (I-2) to (I-4). 

(xvii): Combination with compounds in which Q1 is F, Cl, CF3, 

OCF3, or OCF2H, Y1 is F, and Y2 is F, Cl, CF3 , OCF3, or OCF2H in 

the general formulas (II-1) to (II-4) when Using the compounds 

in which Q1 is F, Cl, CF3, OCF3, or OCF2H, X1 is F, and X2 is FI 

2 5 Cl, CF3 , OCF3, or OCF2H 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). 
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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 

5 (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 

10 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 

15 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 Q1 is F, 

Cl, CF3, OCF3, or OCF2H) and the liquid crystal component B 

20 (compounds in .which Q1 is F, Cl, CF3 , OCF3, or OCF2H) is 

preferably within a range from 10 to 100% by weight, more 

preferabl7 from 30 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 

25 liquid crystal 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 selected from a range of 100:0 to 

.I; 
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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 Q1 is F, Cl, CF3 , OCF3 , or OCF2H) and the 

liquid crystal component B (compounds in which Q1 is F, Cl, 

5 CF3 , OCF3 , or OCF2H) 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 

10 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 

15 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 

20 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 

25 more kinds of core-structure compounds having four six-

membered rings, the liquid crystal phase-isotropic liquid 

phase transition temperature of said compounds being 100°C or 
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higher. However, since characteristics of the nematic liquid 

crystal composition are deteriorated by using a large amount 

of these compo~nds, the amount is limited according to 

required characteristics of the resulting nematic liquid 

5 crystal composition. 

Pref erred compounds are compounds in which p 1 in the 

general formulas (II-1) and (II-2) is 2, compounds in which 

p 2+p3 in the general formula (III-4) is 2, compounds in which 

m1 in the general formulas (III-1) and (III-3) is 2, and 

10 compounds in which m2+m3 in the general formula (III-4) is 2. 

In this case, tings B1 and B3
, rings C1 and C3

, and linking 

groups P1
, P2

, and M1 may be independently the same or 

different. 

Crystal pnase or smectic phase-nematic phase transition 

15 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 

20 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 

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

lower driving voltage is required. Lower or medium 

birefring_ent index is preferably within a range from 0. 02 to 

.Ii 
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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 crysta1 composition are useful for active matrix, 

twisted nematic or super twisted nematic liquid crystal 

5 display device. 

Distance d between the substrates in TN-LCD, STN-LCD and 

TFT-LCD is preferably from 1 to 12 µm, more preferably from 1 

to 10 µm and most preferably from 1.5 to 7 µm. Product of the 

distance d and the birefringent index ~n is preferably from 

10 0.2 to 5 µm, more preferably from 0.3 to 1.6 µm, and most 

preferably about 0.5 µm, from 0.7 to 1.0 µm or about 1.2 µm. 

15 

In the case of PDLC or PN-LCD, the product described 

above is preferably from 1 to 100 µm, more preferably from 3 

to 50 µm, and most preferably from 4 to 14 µm. 

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 

20 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 ~iquid crystal component C is preferably 25 cp or 

lower, more p~eferably 15 cp or lower, and most preferably 10 

cp or lower. For a particularly low driving voltage, the 

25 dielectric constant anisotropy of the liquid crystal 

composi~ion 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 

5 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 

10 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 

15 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 

20 causes the induced helical pitch p to fall within a range from 

0.5 to 1000 µm. Such compounds include cholesteric 

derivative, chiral nematic and ferroelectric liquid crystals. 

More specifically, compounds in which R1 in general formulas 

(I-1) to (I-5}, R1 in general formulas (II-1) to (II-4), and R2 

2 5 and R3 in general formulas (II I-1) to (I II-4) have optically . 

active groups are preferably--i:rsed. 

~. 
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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, cornpQunds represented by the general formulas (IV-

la) to (IV-lbt) described below. 

(III-51) RL (III-52) RL 

* (IV-la) jHCH3 

CJ!b 

* (IV-lb) -CHC2Hs 

C~3 
* (IV- le) -CHC3H1 

C~3 
* (IV-ld)-CHC4H9 

C~3 
* (IV- le) -CHC5H11 

C~3 
* (IV- lf) -CHC5H13 

C~3 

* (IV-ls) -OCHCHa 

C~3 
* (IV-1 t) -OCHC2Hs 

C~3 
* (IV-lu) -OCHC3H1 

-C~3 
-* (IV-lv) -OCHC4H9 

C~3 
*· (IV-1 w)-OCHCsHu 

C~3 
* (IV- lx) -OCHC6H13 

-C~3 

* (IV- lg) -CH2CHCH3 

C~3 
* (IV- lh) -CH2CHC2H5 

C~3 
* (IV- li) -CH2CHC3H1 

C~3 
* (IV- lj) -CH2CHC4H9 

C~3 
* (IV- lk)-CH2CHCsH11 

C~3 
* (IV- ll) -CH2CHC5H13 

C~3 

* (IV-ly) -OCH2CHCH3 

C~3 
* (IV- lz) --OCH2CHC2Hs 

C~3 
* (IV- laa)--OCH2CHC3H7 

C~3 
* (IV- lab)-OCH2CHC4H9 

C~3 
* (IV-lac)-OCH2CHC5H11 

C~3 
* (IV-lad)-OCH2CHC6H13 

c~3 

* (IV- lrn)-C2H4CHCH3 

C~3 
* (IV-ln) -C2H4CHC2H5 

C~3 
* (IV- lo) -C2H4CHC3H7 

C~3 
* (IV- lp) -C2H4CHC4H9 

C~3 
* (IV-lq) -C2H4CHCsHn 

C~3 
* (IV-lr) -C2H4CHC5H13 

C~3 

* (IV- lae) -OC2H4C(HCH3 

CPI3 

* (IV- lat) --OC2H4CHC2Hs 

C~3 
* (IV- lag) --OC2H4CHC3H1 

C~3 
* (IV- lah) -OC2H4CHC4Hg 

C~3 
* (IV- lai) -OC2H4CHCsHu 

C~3 
* (IV- laj) --OC2H4CHC5H13 

~~3 
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(IV-lak) * (IV-laq) * (IV-law) * -COOCHCH3 -COOCH2CHCH3 -COOC2H4~HCH3 

C~3 C~3 c 3 

(IV-lal) * (IV-lar) * 
(IV-lax) * -COOCHC2H5 -COOCH2CHC2H5 -COOC2H4CHC2H5 

C~3 C~3 C~3 
(IV-lam) * (IV-las) * (IV-lay) * 

-COOCHC3H7 -COOCH2CHC3H7 -COOC2H4CHC3H7 

C~3 C~3 C~3 
(IV-lan) * (IV-lat) * (IV-laz) * 

-COOCHC4H9 -COOCH2CHC4H9 -COOC2H4CHC4H9 

C~3 C~3 C~3 
(IV-lao) * (IV-lau) * (IV-lba) * - -COOCHCsHu -COOCH2CHC5H11 -COOC2H4CHC5H11 

C~3 C~3 C~3 
(IV-lap) * (IV-lav) * 

(IV-lbb) * -COOCHC5H13 -COOCH2CHC5H13 -COOC2H4CHC5H13 

C~3 C~3 C~3 

(IV-lbc) 
* (IV-lbi) * 

(IV-lbo) * -OCOOCHCH3 -OCOOCH2CHCH3 -OCOOC2H4~HCH3 
C~3 C~3 c 3 

(IV-lbd) * (IV-lbj) * (IV-lbp) * -OCOOCHC2H5 -OCOOCH2CHC2H5 -OCOOC2H4CHC2H5 

C~3 C~3 C~3 
(IV-lbe) * (IV-lbk) * (IV-lbq) * -OCOOCHC3H7 -OCOOCH2CHC3H7 -OCOOC2H4CHC3H1 

C~3 C~3 C~3 
(IV-lbf) * (IV-lbl) * (IV-lbr) * -OCOOCHC4H9 -OCOOCH2CHC4H9 -OCOOC2H4CHC4H9 

C~3 C~3 C~3 
(IV-lbg) * (IV-lbrn) * (IV-lbs) * -OCOOCHCsH11 -OCOOCH2CHCsH11 -OCOOC2H4CHCsH11 

C~3 C~3 C~3 
(IV-lbh) * (IV-lbn) * (IV-lbt) * -OCOOCHC5H13 -OCOOCH2CHC5H13 -OCOOC2H4CHC5H13 

c1'i3 C~3 C~3 

J, 



-
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Compounds in which K1 to K5 in general formulas (I-1) to 

(I-5), P1 to P3 ·in general formulas (II-1) to (II-4), and M1 to 

M3 in general formulas (III-1) to (III-4) have optically 

active groups are preferred. More preferred mode as the 

5 linking group includes, for example, compounds represented by 

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

(IV-2a) * --CHCOO-

C~3 

(IV-2b) * ~HOCO-
c 3 

* (IV-2d) -;jHO-
3 

* (IV-2e) diHO-
3 

* (IV-2f) :f.HCHr 
CPi3 

(IV-2g) 

(IV-2h) 

(IV-2h) 

(IV-2i) 

(IV-2j) 

* 
--COO~H-

c 3 

* 
--OCO~H-

c 3 

* 
-D~H-

c 3 

* 
-D~H-

c 3 

* -CH2vH-
CPl3 

Typically, cholesteryl nonanate, C-15, CB-15 and S-811 

are preferably used. More specifically, compounds represented 

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

_j, 



(IV-3a) 

(IV-3b) 

(IV-3c) 

(IV-3d) 

(IV-3e) 

(IV-3t) 

(IV-3g) 

(IV-3h) 

(IV-3i) 

(IV-3j) 

(IV-3k) 

(IV-31) 
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ooyHc6Hi3 

CH3 

C3H~-Q-o(HC5H13 
CH3 

C3HrO-o-o-coo?HC6H13 

CH3 

C3H-O-O-O-ocfHC6H13 
CH3 

_I; 
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(IV-3s) 

(IV-3t) 

(IV-3u) 

(IV-3v) 

220 

C5H1~Hcoo-Q 
~ '=J C~3 

C5H1~Hoco-Q 1 

~ \dC~3 

CsH1~Ho-Q 
- '-=1 '=' C~3 

C5H1~Ho-Q 
- \s:/ '=' C~3 

(IV-3w) C5H1~HcH-O 1 

"v=/ \d C~3 

(IV-3x) csH1rQ--O-coo$rr-Q 
CPh 

(IV-3y) CsH1-0-0-oco$rr-Q 
CPh 

(IV-3z) CsHu-0-0-Df rr-Q 
CP-b 

(IV-3aa) C5H1rQ-O-o$tt-Q 
- CPIJ 

(IV-3ab) C5H1-0-0-cH2$tt-Q 
CPI3 

---
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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 

5 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 

10 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 Band the distanced between the 

substrates. In the TN-LCD, STN-LCD and TFT-LCD, for example, 

ratio d/p of the distance d between the substrates to the 

15 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 within a range from 0.1 to 1, and most more 

20 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 ~00° , the pre-tile angle is preferably from 1° to 4° . 

25 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° . 

5 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 

10 f 0° to range rom 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 composition has a light modulation layer held between 

15 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 

20 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) . 

v th ex: __ d_' --( 2~i1E· )1/2 --(V) 

--4->+1Ki i/ A ~ 
---
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where Vth is the threshold voltage, 1Kii and 2 Kii are elastic 

constants with ii being 11, 22 or 33, 6E is the dielectric 

constant anisotropy, <r> is the mean void distance in the 

interface of the transparent solid substance, A is the 

5 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 

10 liquid crystal molecules varies according to the ratio of the 

elastic constant 1Kii and the anchoring energy A, and 

particularly shows that the effect thereof is to effectively 

expand the distance by the amount of 1Kii/A over the actual 

mean void distance <r>, namely to effectively decrease the 

15 driving voltage. This relation can also be utilized in the 

present invention. Specifically, when the transparent solid 

substance is formed from a polymerizable compound that 

includes difunctional monomer and monofunctional monomer which 

serve as polymer-forming compounds, the transparent solid 

20 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 

25 present invention, one or plural characteristics among 

clouding characteristics, response characteristics, 

hysteres~s, 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

substi tuted or substituted naphthalene-2, 6-diyl ring, 

5 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 

10 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 

15 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 

20 random state of the liquid crystal material in order to form 

an optical interface and achieve scattering of light. When 

the average size of the three-dimensional network structure 

formed from the transparent solid substance is too greater or 

smaller than tne wavelength of light, scattering of light 

25 tends to be weaker. Thus the average size is preferably from 

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

preferably from 2 to 30 µm, and more preferably from 5 to 20 
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µm depending on the application. 
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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 

5 satisfies the requirements for the active matrix display. The 

liquid crystal display of the Fresent 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 

10 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 

liquid crystal materials. That is, they are compounds R1 in 

the general formulas (I-1) to (I-5), R1 in the general 

15 formulas (II-1) to (II-4), and R2 and R3 in the general 

formulas (III-1) 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 

2 0 group includes., for example, compounds represented by the 

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



--

(IV-4a) 
CH2=CH2COO-

(IV-4b) 
CH2=CH2COOC::H2 

(IV-4c) 
CH2=CH2COOC2Hr 

(IV-4d) 
CH2=CH2COOC3H5 

(IV-4e) 
CH2=CH2COOC4Hs 

(IV-4f) 
CH2=CH2COOC5H10 

(IV-4g) 
CH2=CH2COOC5H12 

(IV-4h) 
CH2=CH2COOC1H1r 

(IV-4y) SJ;i3 
CH2=CHCOO-

(IV-4z) 913 
CH2=CHCOOCH2 

(IV-4aa) 913 
CH2=CHCOOC2Hr 

(IV-4ab) 913 
CH2=CHCOOC3H5 

(IV-4ac) 913 
CH2=CHCOOC4Hs 

(IV-4ad) C)-h 
CH2=CHCOOC5H10 

(IV-4ae) 913 
CH2=CH~OOC5H12 

(IV-4af) CJ-h 
CH2=CHCOOC1H1r 
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(IV-4i) 
CH2=CH20CO-

(IV-4j) 
CH2=CH20COCH2 

(IV-4k) 
CH2=CH20COC2Hr 

(IV-41) 
CH2=CH20COC3H5 

(IV-4m) 
CH2=CH20COC4Hs 

(IV-4n) 
CH2=CH20COC5H10 

(IV-4o) 
CH2=CH20COC5H12 

(IV-4p) 
CH2=CH20COC1H 14 

(IV-4ag) CJ;:b 
CH2=CHOCO-

(IV-4ah) CJ-h 
CH2=CHOCOCH2 

1 B MAR 2003 

(IV-4q) 
CH2=CH20-

(IV-4r) 
CH2=CH20CH2 

(IV-4s) 
CH2=CH20C2Hr 

(IV-4t) 
CH2=CH20C3H5 

(IV-4u) 
CH2=CH20C4Hs 

(IV-4v) 
CH2=CH20C5H10 

(IV-4w) 
CH2=CH20C5H12 

(IV-4x) 
CH2=CH20C1H1r 

(IV-4ao) SJ;i3 
CH2=CHO-

(IV-4ap) 913 
CH2=CHOCH2 

(IV-4ai) CJ-'3 (IV-4aq) C)-h 
CH2=CHOCOC2Hr CH2=CHOC2Hr 

(IV-4aj) C)-h (IV-4ar) Cfb 
CH2=CHOCOC3H5 CH2=CHOC3H5 

(IV-4ak) 913 (IV-4as) 913 
CH2=CHOCOC4Hs CH2=CHOC4Hs 

(IV-4al) CJ-h (IV-4at) 913 
CH2=CHOCOC5H10 CH2=CHOC5H10 

(IV-4am)913 (IV-4au) CJI3 
CH2=CHOCOC5H12 CH2=CHOC5H12 

(IV-4an) 913 (IV-4av) CJI3 
CH2=CHOCOC1H1r CH2=CHOC7H1r 

Preferabie interface of the transparent solid substance 

can be obtain~d by incorporating the compounds described 

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

5 the gener_al 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 

5 anthraquinone pigment, azo pigment, azoxy pigment, azomethine 

pigment, mellocyanine 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 

10 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 (OS). 

Alternatively, the liquid crystal composition of the 

present invention can be added for the purpose of adjusting 

15 phase series of 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. 

20 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 groups as a UV curable liquid crystal. It is also 

possible to apply to liquid crystal display related members 

25 such as deflecting plate, alignment film and the like. 

The liquid crystal composition of the present invention can be 

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-

5 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) I (1-02) f (1-08) I (1-10) to (1-15) I (1-17) I (1-18) I (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 

10 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 

15 the structures of the general formulas (I-lla) 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 

20 the side chain groups are (I-6a) to (I-6bc) and the partial 

structures of the polar group are represented by the general 

formulas TII-5a) to (II-Sr), and compounds having the 

structures of the general formulas (III-la) to (III-4ac) in 

which the side chain groups are (III-Sa) to (III-5bf), 

25 according to the desired purposes and applications. 

-Ii 
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Examples of preferred composition: nematic liquid crystal 

composition (1-01) 

(1-0101) C3H; - - OCH3 10 wt% 

(1-0102) C3H7 - OC3H7 10 wt% 

(1-0103) C3H7 - - OCH3 5 wt% 

(1-0104) CsH11 - - C3H7 5 wt% 

- (1-0105) C2Hs - -c-c- - OC
2
H

5 - 5 wt% 

F 

(1-0106) C3H7- -coo--- - CN 5 wt% 

F 
F 

(1-0107) CzHs- -coo -- 12 wt% 
- Cl 

F F 
(1-0108) CsH11 -- 10 wt% 

- coo - - CN 

F 

(1-0109) CsH11 - - C2Hs 8 wt% 

F F 
(1-0110) C3H7 - 10 wt% 

- coo - - CN 

F F 

(1-0111) CsH11 -- coo- - CN 5 wt% 

(1-0112) C3H7- - C3H7 5 wt% 

F 

(1-0113) CsH11 - - C3H1 5 wt% 

(1-0114) - CsH11 -- - CSHJJ 5 wt% 



-
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Examples of preferred composition: nematic liquid crystal 

composition (1-02) 

(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) 

C3H7 -0-0 OCH3 

C3H7 -0-0- CN 

reo-6c~ 

C3H~ 

F 

C3H7 --00 C2H4 -0 F 

C3H7--oo C2H4 -0 CH3 

C3H7 --00 COO -0 CH3 

C3~ --00 COO -0 C3H7 

10 wt% 

8 wt% 

5 wt% 

10 wt% 

9 wt% 

6 wt% 

6 wt% 

6 wt% 

6 wt% 

12 wt% 

7 wt% 

7 wt% 

8 wt% 



--
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Examples of preferred composition: nematic liquid crystal 

composition n:...03) 

(1-0301) 

(1-0302) 

(l-0303) 

(1-0304) 

(1-0305) 

(1-0306) 

( 1-0307) 

(1-0308) 

(1-0309) 

(1-0310) 

(1-0311) 

(1-0312) 

(l-0313) 

(1-0314) 

(1-0315) 

(1-0316) 

F 

C3H1-0-0CN 

_rO-Oc~ 

c.,H 5'~ 
- "---" ~CN 

F 

C2H5-o-o- CN 

F 

C2H5-0 COO -0 CN 

C4H9-0-coo-Q-cN 

C3H7 -0- COO -0 C3H7 

CH30-0-coo-Oc5H11 

C3H7 -0- COO -0 OC2H5 

C3H7 -0-coo-Q-0 C3H7 

F 

C3H7 -00 COO -0 C2H5 

C3H7 -0--0- C2H4 -0 CH3 

C3H7:-o-o coo-0 C2H5 

C3H.;-Q- COO -0-0 CN 

C3H7 -0- COO -0- COO -0- C3H7 

F 

,;,h 

5 wt% 

5 wt% 

5 wt% 

7 wt% 

8 wt% 

9 wt% 

12 wt% 

15 wt% 

13 wt% 

3 wt% 

3 wt% 

3 wt% 

3 wt% 

3 wt% 

3 wt% 

3 wt% 
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Examples of preferred composition: nematic liquid crystal 

composition (1-04) 

(1-0401) C3H7-0-0CN 10 wt% 

(1-0402) C3H7-00CN 16 wt% 

(1-0403) 
rO-Q-cN 16 wt% 

(1-0404) CsH11 -0-0 C3H1 
16 wt% 

- (1-0405) C3H7 -0-0-0- C2Hs 10 wt% 

(1-0406) CsH11 -0-0-0- C2Hs 10 wt% 

(1-0407) CsHa1 C3H1 6 wt% 

(1-0408) CSH!l CsH11 5 wt% 

F 

(1-0409) C3H7 5 wt% 

(1-0410) C3H7 1 wt% 

(1-0411) C3H7 1 wt% 

(1-0412) C3H7 1 wt% 

(1-0413) C3H7 1 wt% 

(1-0414) C3H7 1 wt% 

(1-0415) C31iy 1 wt% 
F 

---

'" 
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Examples of preferred composition: nematic liquid crystal 

composition (1~05) 

(1-0501) 

(1-0502) 

(1-0503) 

(1-0504) 

(1-0505) 

(1-0506) 

(1-0507) 

(1-0508) 

(1-0509) 

(1-0510) 

(1-0511) 

(1-0512) 

(1-0513) 

(1-0514) 

(1-0515) 

(1-0516) 

(1-0517) 

F 

ro-d-cN F 

C5H11 -0 COO --0 CN 

F 

C5H11 -0 COO --0- CN 

~ F 
C3H7~0CH3 

_rO-~ 
C3H7-o-~ 

C3H7 -0-0-0 CzHs 

CsH11 C3H7 
F 

C3H7 -0-0-COO --0 Cf\i 

F 

C4H9 -O-Ocoo-0-cN 

C3H7 -0-0-COO -0 C3H7 

CN 

F 

CN 

CN 

8 wt% 

10 wt% 

7 wt% 

12 wt% 

8 wt% 

10 wt% 

10 wt% 

5 wt% 

5 wt% 

5 wt% 

5 wt% 

5 wt% 

2 wt% 

2 wt% 

2 wt% 

2 wt% 

2 wt% 

1 B MAR ZOOJ 
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Examples of preferred composition: nematic liquid crystal 

composition (l-06) 

5 wt% 

5 wt% 

5 wt% 

5 wt% 

10 wt% 

5 wt% 

10 wt% 

10 wt% 

10 wt% 

5 wt% 

5 wt% 

5 wt% 

5 wt% 

5 wt% 

5 wt% 

5 wt% 
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Examples of preferred composition: nematic liquid crystal 

composition (1-07) 

--
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(1-0700) C3H1-0-0-CN 4 wt% 

F 

(1-0701) C3H1-oQCN 4 wt% 
F 

(1-0702) CsH11-o-Q-CN 3 wt% 

F 
(1-0703) _rO-Q--cN 3 wt% 

(1-0704) C5H11-0-0-CN 3 wt% 

(1-0705) C1H15-(~>-0-cN 4 wt% -- N F 

(1-0706) C4He-Q-coo -Q-cN 3 wt% 
F 

(1-0707) ~coo--Q-cN 6 wt% 

C3H1-Q-O-ocH3 F 
(1-7708) 10 wt% 

(1-0709) C3H1-0-0-ocHa 10 wt% 

(1-0710) CaH1~ 10 wt% 

(1-0711) /; 10 wt% 

(1-0712) C5H11--0-coo -0-ocHa 3 wt% 

(1-0713) CaH1--0-coo -O-caH1 3 wt% 

(1-0714) C2H5-Q-c==c-Q-ocH3 3 wt% 

(1-0715) C3H1-Q-c==c-0-'J 3 wt% 

(1-0716) _rO-Q--c==c~ 3 wt% 

(1-0717) C3H1-0-0-coo -Q-c3H1 3 wt% 

(1-0718) C4He-O-O-coo -O-c3H1 3 wt% 

(1-0719) C3H1-0-0-0-C2H5 3 wt% 

C3H1 
3 wt% (1-0720) CN 

(1-0721) C3H1 3-wt % Cl 
--

-" 
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Examples of preferred composition: nematic liquid crystal 

composition (l-08) 

(1-0801) 

(1-0802) 

(1-0803) 

(1-0804) 

( 1-0805) 

(1-0806) 

(l-0807) 
-= N 

(1-0808) 

(1-0809) 

(1-0810) 

(1-0811) 

(1-0812) 

(1-0813) 

(1-0814) 

(1-0815) 

(1-0816) CH --
- 3 7 

(1-0817) 

-CN 

- Cl\i 

-- CJ'..; 

- Cl\ 

- C\i 

F 

- CN 

F 
-F 

- coo--

- CU'=eC -

-C<E-3lC-

-CIE3lC-

coo-­
F 

-coo~ - CN 

5 wt% 

10 wt% 

10 wt% 

10 wt% 

5 wt% 

5 wt% 

5 wt% 

5 wt% 

3 wt% 

3 wt% 

3 wt% 

3 wt% 

7 wt% 

7 wt% 

7 wt% 

7 wt% 

5 wt% 
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Examples of preferred composition: nematic liquid crystal 

composition (1-09) 

F 

(1-0901) C3H7- -F 8 wt% 

F 
F F 

(1-0902) C3H1- 12 wt% 
- C ='o C - -F 

F F 

(1-0903) C3H7 -- - Cl 11 wt% 

F F 

- (1-0904) C3H7- F 9 wt% 

-- F 

F 

(1-0905) C~H 7 - -F 9 wt% 

(1-0906) C5H11 - -OCF
3 

9 wt% 

F 

(1-0907) C3H1- - C2H4- -Cl 11 wt% 

F 
F 

(1-0908) C3H1 -

- Cl 
11 wt% 

F 
F 

(1-0909) C3H7 --
-CJ 

10 wt% 

F 
F F 

(1-0910) CsH11 -
- F 

8 wt% 

F F 
F 

(1-0911) CaH11 - - c===c -
- F 

2 wt% 

F 

---



1 8 MAR 2003 
239 

Examples of preferred composition: nematic liquid crystal 

composition (l-10) 

(1-1001) rO-OcN 10 wt% 

(1-1002) C3H7 -0--0 CN 16 wt% 

(1-1003) C3H7 -<-0--6 CN 5 wt% 

-0--qj U-1004) C3H7 5 wt% 
CN 

- F -
C4H9-0coo-OcN (1-1005) 4 wt% 

C5H11 -0-0CN 

F 
(l-1006) 8 wt% 

(1-1007) C3H7 -0 C==:C -0 OCH3 5 wt% 

(1-1008) C3H7 -0c==c-OcH3 3 wt% 

(1-1009) ~C==C~ 5 wt% 

(1-1010) C3H7 -0-Q-c==c -0 C2H5 8 wt% 

F 

(1-1011) C3H7 -O-O-c=c-Oc2H5 8 wt% 

F F 

(1-1012) C3H7 -0-0-c=c-Q-F 8 wt% 

(1-1013) C3H1 -0 coo-0 CEBC -0 C2H5 5 wt% 

(1-1014) C3H7 -0 C2H4-o C:l!E3EC -0 C2H5 5 wt% 

(1-1015) <;H7 -Q-0- c==c -0-CH3 5 wt% 

H3C 
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Examples of preferred composition: nematic liquid crystal 

composition (1-11) 

(1-1101) 

(l-1102) 

(1-1103) 

(1-1104) 

(1-1105) 

(1-1106) 

(1-1107) 

(1-1108) 

(l-1109) 

(1-1110) 

(1-1111) 

(1-1112) 

(1-1113) 

(1-1114) 

(1-1115) 

~CN 

~CN 
F 

C3H70CH2 -0 COO -0-CN 

F 

~coo-{)-cN 

_rQ).-oCN F 

~CN 
C3H7 -0-0-0 OCH3 

C3H7 -0-0-0-CH3 

C3H7 -0-0-0 F 

C3H7 -D-0-0-CN 

C5H11 -0-0-0 CN 

C3H7-o-o COO -0 F 

C3H7 -0-0- COO -0- F 

F 

C3H7 -0-0-0- F 

i=3H7 -0 C2H4 -0-c==c-0- C2H5 

12 wt% 

11 wt% 

14 wt% 

11 wt% 

3 wt% 

3 wt% 

5 wt% 

5 wt% 

5 wt% 

5 wt% 

5 Wt% 

5 wt% 

5 wt% 

5 wt% 

6 wt% 

1 8 MAR 2003 
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Examples of preferred composition: nematic liquid crystal 

composition (1-12) 

(1-1201) 

(l-1202) 

(1-1203) 

(1-1204) 

(1-1205) 

(1-1206) 

(1-1207) 

(l-1208) 

(1-1209) 

(1-1210) 

(1-1211) 

(1-1212) 

(1-1213) 

c3H7 -Oc2H4-Q-c==c-Oc3H7 

c3H7 ~c==c-Oc2H5 

13 wt% 

16 wt% 

4 wt% 

7 wt% 

12 wt% 

12 wt% 

5 wt% 

5 wt% 

7 wt% 

7 wt% 

4 wt% 

4 wt% 

4 wt% 

1 8 MAR 2003 
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Examples of preferred composition: nematic liquid crystal 

composition (1-13) 

(1-1301) 

(1-1302) 

0-1303) 

(1-1304) 

(l-1305) 

(1-1306) 

(1-1307) 

(1-1308) 

(1-1309) 

(1-1310) 

(1-1311) 

(1-1312) 

(1-1313) 

(1-1314) 

(1-1315) 

(l-1316) 

(1-1317) 

C3H7 -0-0- OC2H5 

C3H7 -0-0 C4H9 
F 

C3H.pCH2 -0- COO -d- CN 

F 

~coo-OcN 
F 

~coo-Q-c~ 
F F 

C3H7-o-o-o-F 

C3H7 -0-0-0- CH3 

9 wt% 

4 wt% 

4 wt% 

5 wt% 

4 wt% 

4 wt% 

5 wt% 

18 wt% 

3 wt% 

2 wt% 

6 wt% 

5 wt% 

5 wt% 

5 wt% 

6 wt% 

8 wt% 

7 wt% 
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Examples of pref erred composition: nematic liquid crystal 

composition (1-14) 

(1-1401) C2Hs-O-OcN 10 wt% 

(1-1402) C3H7-0-0CN 10 wt% 

-qj--0-(1-1403) C3H7 4 wt% 
F 

F 
(1-1404) C3H7 -0-0 OC2H5 9 wt% 

-
C5H11 -0-coo -0 F - (1-1405) 8 wt% 

(1-1406) c,Hu --<=<=>-o 9 wt% 
~ !J OCF2H 

(1-1407) C3H7 -0-coo -0 OC2H5 5 wt% 

(l -1408) C3H7 -Q--coo -0 OC4H9 5 wt% 

(1-1409) C4H9-Q--coo --0- OC4H9 5 wt% 

(1-1410) C5H11 -0-0- OC2H5 5 wt% 

(1-1411) C3H7 -0-0--0 OC2H5 6 wt% 

(1-1412) 5 wt% 

(1-1413) C2H5 -( :-0-0 C4H9 4 wt% 

(1-1414) C3H7-(N'-O-OC4H9 5 wt% 
N 

(l-1415) C2H5--(~-0-0C4H9 5 wt% 

(1-1416) 
C3H7-QN-0 5 wt% 

~ I ~ /J CN 
N 
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Examples of preferred composition: nematic liquid crystal 

composition (1-15) 

(1-1501) 

(1-1502) 

(1-1503) 

(1-1504) 

(1-1505) 

(1-1506) 

(1-1507) 

(1-1508) 

(1-1509) 

(I -1510) 

(1-1511) 

(1-1512) 

rO-Q}CN 
F 

C3H,-D-OCN 

~CN 

~CN 

C3H7-0-0C4H9 

C3H7 --0-c=c -0 OC2H5 

C4Hg -0 c==c-0- OC2H5 

C5H11 -0c==c-OocH3 

C3H7 -0-0-0 CH3 

C3H7 -0-0-0 OCH3 

C3H1-0-0-0cN 
C3H7 -0---CQ-o CN 

15 wt% 

10 wt% 

10 wt% 

10 wt% 

7 wt% 

5 wt% 

13 wt% 

14 wt% 

4 wt% 

4 wt% 

4 wt% 

4 wt% 

1 8 MAR 2003 
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Examples of preferred composition: nematic liquid crystal 

composition (l-16) 

F 

(1-1601) C1H15-0-0-F 5 wt% 

(1-1602) -<-0-6 C3H, F 5 wt% 

F 

(1-1603) 
C3H1 F ~ 5 wt% 

- F -
(I-1604) C,H, -o--qj-F 5 wt% 

F F 

(1-1605) C3H7-o-o-o-F 10 wt% 

F 

(1-1606) C3H1-Q-O-O-F 10 wt% 

F 

(1-1607) C3H7-o-o-o-F 

F F 

(1-1608) C3H7-0-0C2H4 ~ F 

5 wt% 

IO wt% 

F F 

(1-1609) C3H7-o-o-o F IO wt% 

F 

(1-1610) C3H1 IO wt% 
F 

F 

-0-qj F (l-1611) 
C3H7 -0-

~ b F 
10 wt% 

F 

(1-1612) £H-O-<b-6 3 1 F 
~ b 

5 wt% 

F 
F 

(1-1613) C3H1 5 wt% 

F 

(1-1614) C3H7 5 wt% 

-r 
-
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Examples of preferred composition: nematic liquid crystal 

composition (1-17) 

(1-1701) C.1H11 -0-0 C3H; 4 Wt% 

(1-1702) C5H11 -0-0 C3H1 3 wt% 

(1-1703) rO-Q}cN 3 wt% 

F 
(1-1704) C4H9 -0- COO -0 Cl\ 3 wt% 

- F -
C2H5 --0- COO --v- CN (1-1705) 3 wt% 

(1-1706) C4H9 ---<=b- F 
coo----0-cN 

4 wt% 

c,H,-D---Qi- F 
(1-1707) 3 wt% 

_ CF3 
F 

(1-1708) rO-O-O-F 18 wt% 

(l-1709) r-0-0-0CH3 17 wt% 

(1-1710) 17 wt% 

(1-1711) C3H7 -0-0-0- 0 ,____;r- 4 wt% 

(1-1712) C3H7 --0-0-0- CH20CH3 7 wt% 

(1-1713) C1H11 4 wt% 

(1-1714) C3H1 -0 coo-0 c==c -0 c~H5 5 wt% 

(1-1715) C#{7 -0-0 COO -0-0-C3H7 5 wt% 

~11 



247 

Examples of preferred composition: nematic liquid crystal 

composition (1-18) 

(1-1801) 

(1-1802) 

(1-1803) 

(1-1804) 

(1-1805) 

(1-1806) 

(1-1807) 

(1-1808) 

(1-1809) 

(1-1810) 

(1-1811) 

(1-1812) 

(1-1813) 

(1-1814) 

~c==c-OcH3 

~c==c-Q-v 
D D F 

C3H7 -0-0-c==c -0 CH3 
D F 

C3H7 -0-0 c==c -0-CH3 
F H3C 

C3H7-b-O-c==c~ 
F F 

C3H7-b-O-c==c-OF 
F F 

C3H7-b-O-c==c-OF 
F F 

C5H11-0c==c-V-F 
F 

C5H11-0c==c-Q-F 
DD F F F 

C3H7 -0--0- c==c-V- F 
DD 
DD F 

C3H7 -0--0- C=:C -0-F 
DD F 

C3H7~F M 
'--\_)- C==C ~ F 

- C H -<'>=.. r-={F F _;=\__ 
3 7 ~C==C··~ F 

F 

C3H1 ~F /='\ _;=\__ 
~C==C-·~F 

F 

.I, 

10 wt% 

10 wt% 

10 wt% 

5 wt% 

10 wt% 

10 wt% 

5 wt% 

5 wt% 

5 wt% 

10 wt% 

10 wt% 

5 wt% 

3 wt% 

2 wt% 

1 8 MAR 2003 
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Examples of preferred composition: nematic liquid crystal 

composition (1-19) 

(1-1901) 

(1-1902) 

(1-1903) 

(1-1904) 

(1-1905) 

(1-1906) 

(1-1907) 

(1-1908) 

(1-1909) 

(1-1910) 

(1-1911) 

(1-1912) 

(1-1913) 

C3H1~F !=\ 

~CN 

rO-Q}CN 
~CN 

CH30C3H6 -0-0 CN 

,r--G-OcsH11 

rO-O-Q-cH3 

C3H7-o-o-o-0 ~ 

C3H7 -0 coo-0 c==c -Q- CH3 

C2H5 ~·N-N -0 C2Hs 

C3H7 ~·N-N ~ C2Ho 

C3H,~·N-i\J-OC3H7 

~~-~~ 

6 wt% 

6 wt% 

10 wt% 

7 wt% 

19 wt% 

4 wt% 

13 Wt% 

4 wt% 

7 wt% 

3 wt% 

6 wt% 

3 wt% 

12 wt% 
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Examples of preferred composition: nematic liquid crystal 

composition (1-20) 

(1-2001) 

(1-2002) 

(l-2003) 

(1-2004) 

(l-2005) 

(1-2006) 

(1-2007) 

(1-2008) 

(1-2009) 

(1-2010) 

(1-2011) 

(1-2012) 

(1-2013) 

(1-2014) 

F 

C3H7 -O-c2H4 -0 COO -v- F 

F 

CH30C 3H6 -0-0--0- F 

F 

rO-O-O-F 
F 

F 

C5H11-0c==c-O-F 

F 

CSHll -D-C2H4 --0- F 

F 

C5H11 -0-COO -v- F 

F 

C5H 11 -{~r-VF 
F 

rO-b-cN 
F 

_IO-Q-cN 
F 

~CN 

F 

10 wt% 

7 wt% 

18 wt% 

17 wt% 

5 wt% 

5 wt% 

5 wt% 

5 wt% 

5 wt% 

5 wt% 

5 wt% 

5 wt% 

5 wt% 

3 wt% 
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Examples of preferred composition: nematic liquid crystal 

composition (l-21) 

(l-2101) 

tJ-2102) 

ll-2103) 

(l-2104) 

\l-2105) 

\l-21061 

U-2107) 

(l-2108) 

ll-2109) 

(l-2110) 

F 

rO-O-O-F 
F 

rO--O-O-F 
F 

D D 

D D 

c 3H 7-o-o- Ct-. 

rO-OC5H11 

F 

F 

rO-D--O- CH 3 

D D 

F 

rOOOOCF3 

D 
D D 

C 3 H 7--o-o-o OCF 3 

D D 

-.. 

10 \\1,, 

10 wt\ 

10 wt\ 

10 wt~ 

10 "1 \ 

10 wt\ 

10 wt\ 

10 "1 \ 
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Examples of preferred composition: nematic liquid crystal 

composition (l-22) 

(1-2201) 

(1-2202) 

(1-2203) 

(1-2204) 

(1-2205) 

(1-2206) 

(1-2207) 

(1-2208) 

(1-2209) 

(1-2210) 

(1-2211) 

DD F F 

C3H7 -0-0-c==e-(} F 

D F 
F F 

C3H7 -0-0 c==c -0- F 

DD F F 

CsH11-0-0-0-F 

D F 

CsH11~ r=< 
~F 

DD F F 

C3H7 --0--0-0-F 

D F 
DD 

C3H7 -0-0-0-OCF3 

DD D 

~OCF3 /ID~~ 
F F F 

C3H7 --0- C2H4-o-o F 

F F F F 

C3H7 -0 C2H4 -0-0-0-F 

F 

10 wt% 

10 Wt% 

15 wt% 

15 wt% 

10 'Nt % 

5 wt% 

5 wt% 

10 wt% 

5 wt% 

5 wt% 

10 wt% 
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Examples of pref erred composition: nematic liquid crystal 

composition (1-23) 

(1-2301) C3H-O-c==c-Q-cH3 20 wt% 

( 1-2302) C3H-O-c==c-Q-oc2Hs 10 wt% 

(1-2303) CsH1 -O-c==c-Q-ocH3 5 wt% 

(1-2304) C3HrQ-O-c==c-Q-c2Hs 7 wt% 

(1-2305) C4HrQ-O-c==-O-oH3 8 wt% --
(1-2306) CaH-0-Qc=yHa 10 wt% 

F H3 
(1-2307) C,H~ 

~/J ~;} N 6 wt% 

(1-2308) CsH1-0-G-cN 5 wt% 

(1-2309) C1H1s-O-Q-cN 5 wt% 

(1-2310) _,-0--0-cN 10 wt% 

(1-2311) ~N 10 wt% 

( 1-2312) rO-Cb-cN 4 wt% 

5 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. Thus such systematized liquid crystal 

10 materials 2-bottle type composed of two kinds of liquid 

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 

5 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 

10 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 

15 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 

20 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, 

2 5 while - ( CH2) 2- and -C2Hc have the same meaning and - ( CH2) 4-

and -C4H 8 - have the same meaning. 

Phys_ical 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. 

TN-r: Nematic phase-isotropic liquid phase transition 

temperature (°C) 

5 T-N: Solid phase or smectic phase-nematic phase transition 

temperature (°C) 

~E: Dielectric constant anisotropy at 20°C 

- ~n: Birefringent index at 20°C -
n: Viscosity at 20°C (cp) 

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

V1 : 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 

15 sharpness at 2 0 ° C 

Period of time when the rise time 1r if a 

predetermined voltage is applied starting from OV and the 

decay time 1d if the voltage is decreased from the 

predetermined voltage to zero equal to each other, at 20°C 

20 The liquid crystal display device having the STN-LCD 

display characteristics was made as follows. A chiral 

material S--811 (manufactured by Mere) was added to the liquid 

crystal composition, thereby preparing a mixed liquid crystal. 

An alignment film was formed by rubbing an organic film of 

25 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 
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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 

5 liquid crystal and the thickness d of the display cell satisfy 

10 

15 

the relations ~n·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 

y: Ratio of saturation voltage (Vsat) and Vth, namely 

sharpness at 20°C 

6 (Vth) /6 (T): Temperature dependence of the driving voltage 

tr=td: 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 µm from each 

20 other. Also an alignment film was provided on a substrate 

having no electrode. These substrates were put together so as 

to form a cell having thickness of 4 µm and the liquid crystal 

was oriented in anti-parallel configuration. The cell was 

filled with the mixed liquid crystal thereby to constitute the 

25 liquid crystal display device. V10 , sharpness and response 

speed of this display apparatus were measured. Assume that 

light t~nsmittance of this device when no voltage is applied 

_), 
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(T 0 ) as 0%, assume the maximum light transmittance when the 

applied voltage is increased (T 100 ) to be 100%, assume the 

voltage that resulted in light transmittance of 50% as V5o, and 

assume the voltage that resulted in light transmittance of 10% 

5 as V10· 

10 

Display characteristics of IPS mode 

V 10 : Threshold voltage (V) at 20 °C 

y: Ratio of V50/V10, namely sharpness at 20°C 

1r=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 

15 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. 

20 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 and applications. Specific compounds are represented 

by the form of the following examples. 

25 Liquid crystal component A 

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

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

.1. 
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(I-7la) 

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

chain group (I-6a), basic structure (I-2la), and polar group 

(I-72a) 

S 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-4la), and polar group 

10 (I-72a) 

Examples of the general formula (I-S) compound (2-Sa): side 

chain group (I-6a), basic structure (I-Sla), and polar group 

(I-73a) 

Liquid crystal component B 

lS Examples of the general formula (II-1) compound (2-lb): side 

chain group (I-6a), basic structure (II-la), and polar group 

(II-Sa) 

Examples of the general formula (II-2) compound (2-2b): side 

chain group (I-6a), basic structure (II-2a), and polar group 

20 (II-Sa) 

Examples of the general formula (II-3) compound (2-3b): side 

chain group (I-6a), basic structure (II-3a), and polar group 

(II-Sa) 

Examples of the general formula (II-4) compound (2-4b): side 

2S chain group (I-6a), basic structure (II-4a), and polar group 

(II-Sa) 

Liquid c~ystal component C 

"' 
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Examples of the general formula (III-1) compound (2-lc): side 

chain group (III-Sb), basic structure (III-la), and side chain 

group (III-Sb) 

Examples of the general formula (III-2) compound (2-2c): side 

S chain group (III-5b), basic structure (III-2a), and side chain 

group (III-Sb) 

Examples of the general formula (III-3) compound (2-3c): side 

chain group (III-Sb), basic structure (III-3a), and side chain 

group (III-Sb) 

10 Examples of the general formula (III-4) compound (2-4c): side 

chain group (III-Sb), basic structure (III-4a), and side chain 

group (III-Sb) 

Liquid crystal component A 

CN 

CN 

(2-3a) C H 
2 5 

CN 

CN 

(2-5a) 

CN 

15 
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Liquid crystal component B 

(2-lb) 

(2-2b) 

(2-3b) 

(2-4b) 

Liquid 

(2-lc) 

(2-2c) 

(2-3c) 

(2-4c) 

C2H5-D-O-CN 

C2H5-o-o-CN 

C2H5-0-0-0-cN 

C2H5 --(:>--o-CN 

crystal component C 

C2Hs -D-O-c2Hs 

CzHs -O-O-c2Hs 

C2Hs -O-O-c2Hs 

CzHs --{ N'>--0- CzHs 
N 

(Example 1) 

1 8 MAR 200J 

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

from 

-lo 
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F 
(3-0101) 20 Wt% 

-F 

(3-0102) 20 wt% 
- OCF

3 

F F 
(3-0103) 20 wt% 

F 

F F F 
(3-0104) 20 wt% 

- F 

F 

20 wt% -- (3-0105) 
--F 

and various properties of this composition were measured. The 

results are as follows. 

Physical properties of liquid crystal composition 

5 79.9°C 

9.8 

.0.n 0.129 

Reliability characteristics of liquid crystal composition 

10 Resistivity before heating acceleration test: 1.3 x 10 13 

Q·cm 

Resistivity after heating acceleration test: 7.0 x 10 12 Q· 

cm 

Voltage hoiding ratio before heating acceleration test: 

15 99.5% 

Voltage holding ratio after heating acceleration test: 

98.6% 

Display-cnaracteristics of t~TN-LCD having a tw±-st angle of 

... Ii 
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90 degrees (cell thickness 6 µm): 

Vth 1. 30 v 

y 1.140 

The nematic liquid crystal composition is, despite of 

5 being composed of five kinds of components, capable of 

operating over a wide range of temperatures because ~N-r is 

high and T-N is low, and has a low driving voltage compared to 

- the value of dielectric constant anisotropy ~E, and is -
therefore capable of operating even for high resolution 

10 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 

15 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 

20 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-

25 diyl ring were substituted with a 1,4-phenylene group, and the 

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

cyclohexy_lene group. The results are as follows. 
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F 

(b-0101) C3H7 -0--0- F 20 wt% 

(b-0102) C3H7 -0-0-0 OCF3 20 wt% 

F F 

(b-0103) C3H7-o-v-o- F 20 wt% 

F 
F 

(b-0104) C3H7 -0--0-F 20 wt% 

F -
(b-0105) C3H7-D-O-F 20 wt% 

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

compounds. 

Physical properties of liquid crystal composition 

5 0°C or lower 

Impossible to measure 

6.n Impossible to measure 

Impossible to measure 

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

10 90 degrees (cell thickness 6 µm) 

Vth Impossible to measure 

y Impossible to measure 

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 tiJ-have high TN-r and ~imilar level of T-Nr 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 

5 from 

(3-0201) 

(3-0202) 

(3-0203) 

(3-0204) 

(3-0205) 

(3-0206) 

(3-0207) 

F 

C3H7 -D--~--F 15 wt% 

15 wt% 

15 wt% 

15 wt% 

15 wt% 

15 wt% 

10 wt% 
F 

and various properties of this composition were measured. The 

results are as follows. 

Physical properties of the liquid crystal composition 

_119. 2 °C 

-70. °C 

7.3 

.6n 0.104 

Resistivity before heating acceleration test: 1.0 x 10 1 ~ 

15 Q·cm 
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Resistivity after heating acceleration test: 4.8 x 10 12 
Q· 

cm 

Voltage holding ratio before heating acceleration test: 

99.0% 

5 Voltage holding ratio after heating acceleration test: 

10 

98.2% 

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

90 degrees (cell thickness 6 µm): 

Vth 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 TN-r is 

high and T-N is low, and has a low driving voltage compared to 

15 the value of dielectric constant anisotropy 6e, 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 

20 test, it can be understood that high thermal stability is 

ensured. The active matrix liquid crystal display device that 

employs t~is composition as the basic constituent material has 

excellent characteristics with less leak current without 

occurrence of flicker. 

2 5 (Example 3) 

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

from 

_,, 
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(3-0301) rO-OcN 7 wt% 

(3-0302) ~ C2H5 N 4 wt% 

F 

(3-0303) C4H9 -0coo-OcN 6 wt% 

(3-0304) C4H9 -( ~r-0- CN 3 wt% 

(3-0305) C5H 11 -(~-0CN 3 wt% 

- (3-0306) ~c=c-0-cH3 11 wt% 

(3-0307) C3H7 -0-0 c:=c-Q- C2H5 8 wt% 

(3-0308) C3H; -0-0- c=:c -0- C4H9 8 wt% 

(3-0309) C3H7 -0-0 c===c-0 CH3 11 wt% 

(3-0310) 
rO-O- H3C 

C5HII 10 wt% 

(3-0311) ~C3H7 10 wt% 

(3-0312) rO-Q-OcH3 
11 wt% 

(3-0313) 8 wt% 

and various properties of this composition were measured. The 

results are as follows. 

TN-~ 104.9°C 

5 T_N -50. oc 

Vth 2.09 v 

y 1.15 

6E 7.6 

6n 0.168 

10 ri -17.0 c.p. 

--
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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 

5 (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. 

10 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 

15 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 6n· 

d=0.85 and d/P~0.50. The STN-LCD was made in the same manner 

as described above. 

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

240 degrees 

Vth 2.31 V 

y 1. 029 

6(Vth)/6(T) 2.0 mV/°C (T=5 to 40°C) 

25 1r=1d 101 msec. (When driven with duty ratio of 

1/240) 

(Compar~ive example 2) 
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In order to demonstrate the superiority of the present 

invention, a mixed liquid crystal (b-02) was made by 

substituting the liquid crystal component A of the nematic 

liquid crystal composition (3-03) described above with another 

5 compound. Specifically, the compound (3-03-02) was replaced 

by a compound represented by formula (b-0202) having excellent 

effects of decreasing the driving voltage and improving the 

temperature dependence of the driving voltage. The results --
are as follows. 

(b-0201) rO-OcN 7 wt% 
F 

(b-0202) C2H5 -0- COO --v-CN 4 wt% 
F 

(b-0203) C4H9 -0 coo-0- CN 6 wt% 

-{N-0 (b-0204) C4H9 I ~ /J CN 3 wt% N 

(b-0205) C5H 11 -(~-0CN 3 wt% 

(b-0206) ~ c:=c-Q- CH3 11 wt% 

(b-0207) C3H7 -D-0- c==c -0- C2H5 8 wt% 

(b-0208) C3H7 -Q-0 c==c-Q- c.,H9 8 wt% 

(b-0209) C3H7 -0-0 C==C-0- CH3 11 wt% 

- rO-OcsH11 

H3C 
(b-0210) 10 wt% 

(b-0211) ~C3H7 10 wt% 

(b-0212) rO-O-OcH3 11 wt% 

(b-0213) ~ CH3 8 wt% 
10 

TN-: _-_100.7°C 
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T_N -50. cc 

Vth 2.08 v 

6E 8.1 

6n 0.165 

5 Il 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 

10 240 degrees 

Vth 2.31V 

1. 039 y 

6(Vth)/6(T) 2.8 mV/°C (T=S to 40°C) 

138. msec. (When driven with duty ratio of 

15 1/240) 

As is apparent from comparison between the 

characteristics, 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 

20 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) 

25 A nematic liquid crystal composition (3-04) was prepared 

from 
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F 

(3-0401) C3H7 --0-C2H4 -0-COO -b- F 10 wt% 

F 

(3-0402) CH3QC3H6 --0-00-F 7 wt% 

F 

(3-0403) rO-O-O-F 15 wt% 

F 

(3-0404) 
15 wt% 

(3-0405) 
5 wt% -

(3-0406) -0-0% C3H7 F 5 wt% 

F 

(3-0407) C5Hll -0 c==:c-b- F 5 wt% 
F 

(3-0408) CsH11-0-C2H4--o-F 5 wt% 
F 

(3-0409) C5H11 -0-COO -0- F 5 wt% 
F 

(3-0410) C5H11 -( ~>-{)- F 5 wt% 
F 

(3-0411) r-0--o-cN 5 wt% 
F 

(3-0412) _;rQ-{j-c~ 5 wt% 
F 

(3-0413) ~CN 5 wt% 
F 

(3-0414) ~CN 5 wt% 
F 

(3-0415) C3H7 3 wt% 

and various properties of this composition were measured. The 

results are as follows. 

TN-I 66.6°C 

-30. °C 

.ii1 
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Vth 1.42 V 

6.t: 9. 4 

6.n 0.097 

In the same manner as in the case of the nematic liquid 

5 crystal composition (3-04), except that the compound (2-04-01) 

described below was used in pl~ce 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 

10 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 

15 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 

20 (3-04-01), (3-04-03), (3-04-06), (3-04-11), (3-04-12), (3-04-

14) , (3-04-16) , (3-04-19) and (3-04-22) exhibited the 

reduced driving voltage of about 1.2 V. 
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(2-04-01) 

C3H1 C3H 
CF3 

C3H C3H 
CF3 

(2-04-03) 

C3H1 C3H1 
CF3 

(2-04-15) 

C3H1 C3H 
CF2H 

-
C3H1 C3H 

CF2H 
(2-04-17) 

C3H1 
C3H 

CF2H 

(2-04-07) 

C3H C3H 
CF2H CF3 

(2-04-08) (2-04-19) 

C3H C3H 
CF2H CF3 

(2-04-09) 

C3H 
CF3 

C3H 
CF2H 

C3H C3H 
CF2H CF3 

(2-04-11) 

C3H 
CF3 

C3H 
CF2H 

(Example 5) 

A nematic liquid crystal composition (3-05) was prepared 

from 

~Ii 



(3-0501) 

(3-0502) 

(3-0503) 

(3-0504) 

(3-0505) 

(3-0506) 

(3-0507) 

(3-0508) 

(3-0509) 

(3-0510) 

(3-0511) 
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C2H~4Hs-cr 

C3H~4Hs~ 

CaH-O-Q-c5H11 

~CH3 

rO--Q-O--cHa 

H3 

CaH.,-Q-c2H4 -Q-O-c5H11 

1 8 MAR 2003 

10 wt% 

10 wt% 

5 wt% 

5 wt% 

10 wt% 

10 wt% 

10 wt% 

10 wt% 

10 wt% 

10 wt% 

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 

5 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 mat~rial of the present invention was prepared and 

the active matrix liquid crystal display device that employ& 

10 the liquid crystal compositi~was made. As a result, it has 

.J 
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been confirmed that the device has excellent characteristics 

with less leak current without occurrence of flicker. 

TN-I 103.7°C 

T_N -70, °C 

5 Vth 2.66 v 

y 1.16 

6. E 4.1 

6.n 0.079 --
Resistivity before heating acceleration test: 1.1 x 10 13 

10 Q·cm 

Resistivity after heating acceleration test: 7.3 x 10 12 Q· 

cm 

Voltage holding ratio before heating acceleration test: 

99.0% 

15 Voltage holding ratio after heating acceleration test: 

98.8% 

(Example 6) 

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

from 
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(3-0601) C2H-O-coo -0-cN 8 wt% 

(3-0602) CaH-0-coo -0-cN 5 wt% 

(3-0603) c,H-0-coo -0-cN 16 wt% 

(3-0604) c,H,-0-coo -0-cN 7 wt% 

(3-0605) C3H 11 wt% 
N 

-
CaH-0-c==~ -

(3-0606) 7 wt% 

(3-0607) 3 wt% 
~ N 

(3-0608) rOQ-csH11 8 wt% 

(3-0609) 19 wt% 

(3-0610) C3H-O-Q-coo -O-Q-c3H7 6 wt% 

(3-0611) C3H-O-Q-coo -O-Q-c4H9 6 wt% 

(3-0612) C3H-OOcoo -Q-c2H4-Q-c2H5 4 wt% 

and various properties of this composition were measured. The 

results are as follows. 

TN-I 92. 67' 0 c 

--70. °C 

Vth 0.88 V 

6.£ 19.8 

Cm 0.139 

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

10 240 degrees 
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Vth 0.93 V 

v 1. 021 

6{Vth)/6(T) 1.9 mV/°C (T=S to 40°C) 

(Example 7) 

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

from 

(3-0701) CaH 5 wt% --
(3-0702) 5 wt% 

(3-0703) 10 wt% 

(3-0704) 10 wt% 

(3-0705) 10 wt% 

(3-0706) C3H-O-O-cN 10 wt% 

(3-0707) ~N 10 wt% 

(3-0708) r0-Q-c5H11 10 wt% 

(3-0709) ~Ha 10 wt% 

(3-0710) CF3 10 wt% 

(3-0711) 10 wt% 

and various properties of this composition were measured. The 

results· are as follows. 

10 88.4°C 
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-49. °C 

Vth 1. 81 V 

6.r. 7.4 

6.n 0.098 

5 (Example 8) 

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

from 
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(3-0801) 10 wt% 

(3-0802) 5 wt% 

(3-0803) 5 wt% 

(3-0804) 5 wt% 

(3-0805) - 10 wt% -
(3-0806) 10 wt% 

(3-0807) 7 wt% 

(3-0808) ~ ~ Ii 10 wt% 

(3-0809) C,Hr()-G=:cr 10 wt% 

(3-0810) C4H =~ 8 wt% 

(3-0811) C3H ~~ 10 wt% 

C~H{>-C2H (3-0812) 10 wt"' 

and various properties of this composition were measured. The 

results are as follows. 

TN-I 85.6°C 

-70. °C 

Vth --1. 07 V 
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y 1.15 

17.4 

0.143 

(Example 9) 

5 A nematic liquid crystal composition (3-09) was prepared 

from 

(3-0901) 12 wt% 

(3-0902) 6 wt% 

(3-0903) C3H 
6 wt% 

(3-0904) C,H~2H•-4 12 wt% 

(3-0905) C3H~2H4~ 12 wt% 

(3-0906) C3H 
12 wt% 

(3-0907) 12 wt% 

(3-0908) 12 wt% 

12 wt% 

(3-0910) 4 wt% 

and various properties of this composition were measured. The 
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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 

5 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 

10 with less leak current without occurrence of flicker. 

15 

TN-I 84.5°C 

T_N -70. oc 

Vth 1. 02 v 

y 1.15 

£:::, f. 9.6 

6n 0.099 

Resistivity before heating acceleration test: 5.0 x 10 12 Q·cm 

Resistivity after heating acceleration test: 2.1 x 10 12 Q·crn 

Voltage holding ratio before heating acceleration test: 98.8% 

20 Voltage holding ratio after heating acceleration test: 98.5% 

(Example 10) 

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

from 



(3-1001) 

(3-1002) 

(3-1003) 

(3-1004) 

(3-1005) 

(3-1006) 

(3-1007) 

(3-1008) 

(3-1009) 

(3-1010) 
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rO---Q-O-cH3 

v-0-c==~ 

1 8 MAR 2003 

15 wt% 

10 wt% 

10 wt% 

5 wt% 

10 wt% 

15 wt% 

5 wt%· 

10 wt% 

10 wt% 

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 

5 ratio aft~r 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. 

10 the liqt:rra crystal compositiorr-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. 

TK-I 87.5°C 

T_N -70. oc 

5 Vth 1. 67 v 

y 1.16 

6. E 7.1 

6.n 0.118 --
Resistivity before heating acceleration test: 3.8 x 10 13 Q·cm 

10 Resistivity after heating acceleration test: 9.7 x 10 12 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 (3-11) was prepared 

15 from 

---
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(3-1101) 10 wt% 

(3-1102) 10 wt% 

(3-1103) 15 wt% 

(3-1104) 10 wt% 

(3-1105) 10 wt% 

--
(3-1106) 5 wt% 

(3-1107) 5 wt% 

(3-1108) 10 wt% 

(3-1109) 10 wt% 

D 

(3-1110) C,H4,H,-q-cr 3 wt% 

(3-1111) C3H-O-c4H 5 wt% 

(3-1112) C,Hr{}-c,..% 7 wt% 

and variotIB properties of this composition were measured. The 

results are as follows. Because this nematic liquid crystal 

composition has high resistivity and high voltage holding 

5 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 
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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 

5 with less leak current without occurrence of flicker. 

TN-I 80.0°C 

T_N -70. oC 

Vth 1. 38 v --
y 1.16 

10 t:.e: 9.3 

t:.n 0.131 

Resistivity before heating acceleration test: 2.2 x 10 13 Q·cm 

Resistivity after heating acceleration test: 8.3 x 10 12 Q·cm 

Voltage holding ratio before heating acceleration test: 99.0% 

15 Voltage holding ratio after heating acceleration test: 98.5% 

(Example 12) 

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

from 



--

(3-1201) 

(3-1202) 

(3-1203) 

(3-1204) 

(3-1205) 

(3-1206) 

(3-1207) 

(3-1208) 

(3-1209) 
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C3H~4 
C,H~4 

C5H1-0-0--a4 

C3H =rH, 
c 3 

C3H-O-c==-O-cH3 

C5H1~~-0-. 
CaH 
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15 wt% 

15 wt% 

15 wt% 

13 wt% 

7 wt% 

13 wt% 

15 wt% 

5 wt% 

2 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 

5 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 

10 utilized in the active matrix liquid crystal display device 

that employs the liquid crystal composition. 

TN-I 106. 4 °C 

T_N -20. °C -



Vth 

y 

[:,c: 

t:,n 

2.10 v 

1.15 

8.1 

0.276 
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5 Resistivity before heating acceleration test: 6.5 x 1012 Q·cm 

Resistivity after heating acceleration test: 1.2 x 10 12 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 

10 TN-LCD having cell thickness d of 1.8 µm and display 

characteristics thereof were measured. A liquid crystal 

display device having a threshold voltage of 1.79 Vanda 

response speed of 2.4 msec. was obtained. 

In the same manner as in the case of the nematic liquid 

15 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 

20 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 

composi~ions (3-12-02) to (3-12-22) were prepared. The 

25 display characteristics of these nematic liquid crystal 

composi.:t..i.o.ns (3-12-02) to (3-12-22) showed good results, 
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-~· 
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(Example 13) 

A nematic liquid crystal composition (3-13) was prepared 

from 

(3-1301) 40 wt% 

(3-1302) 40 wt% 

(3-1303) 
F 20 wt% 

5 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 

10 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. 

15 TN-I 81. 6°C 

T_N -70. oc 

Vth -1. 79 v 
y 1.18 

!:::. '2 6.0 

20 b.n 0.123 

Resistivity before heating acceleration test: 1.5 x 10 13 Q·cm 

Resistivity after heating acceleration test: 7.3 x 10 12 Q·cm 
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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 

5 invention, a mixed liquid crystal (b-03) made by substituting 

the liquid crystal component A of the nematic liquid 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 

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

(b-0301) 

(b-0302) 

(b-0303) 

Vth 

y 

15 6.E 

L'rn 

F 

C3H7 --0-0- F 

F 

C5H11-0-0F 

F 

C3H7 --0--0-V F 

Room temperature or lower 

Impossible to measure 

Impossible to measure 

Impossible to measure 

Impossible to measure 

(Example 1-4) 

40 wt% 

40 wt% 

20 wt% 

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

from 
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(3-1401) 

(3-1402) 

(3-1403) 

(3-1404) 

(3-1405) 15 wt% 

(3-1406) 15 wt% 

and various properties of this composition were measured. The 

results are as follows. 

Physical properties of the liquid crystal composition 

168.8°C 

-40. °C 

9.2 

lm 0.229 

Resistivity before heating acceleration test: 1.1 x 10 13 

10 Q·cm 

Resistivity after heating acceleration test: 7.4 x 10 12 Q· 

cm 

Voltage holding ratio before heating acceleration test: 

99.0% 

15 Voltage holding ratio after heating acceleration test: 

_,.J, 
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98.2% 

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

90 degrees (cell thickness 6 µm): 

Vth 2.15 v 

5 y 1.17 

The nematic liquid crystal composition is capable of 

operating over a wide range of temperatures because TN-r is 

- high and T-N is low, and has a large 6n, and is therefore -
capable of improving response. Also because this nematic 

10 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 this 

composition as the basic constituent material has excellent 

15 characteristics with less leak current without occurrence of 

flicker. 

This nematic liquid crystal composition was used to make 

TN-LCD (d·6n=0.88) having cell thickness d of 3.8 µrn and 

display characteristics thereof were measured. A liquid 

20 crystal display device having a threshold voltage of 1.91 V. 

Also the nematic liquid crystal composition was used to make 

TN-LCD (d·6n=O.SO) having cell thickness d of 2.2 µm and 

display characteristics thereof were measured. A liquid 

crystal display device having a threshold voltage of 1.82 V. 

25 In the same manner as in the case of the nematic liquid 

crysta~position (3-14), ~ept that the compound (2-14-01) 

_--j, 
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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 liquid crystal composition (3-14-01) was prepared. 

Also in the same manner as in the case of the nematic liquid 

5 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. Also in 

10 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 (3-1405) in the nematic liquid crystal composition 

(3-14) of this Example, nematic liquid crystal compositions 

15 (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 

20 characteristics, while the nematic liquid crystal compositions 

(3-14-17), (3-14-20), (3-14-23), (3-14-26) and (3-01-22) 

exhibited~he reduced driving voltage of about 2.0 V. 

--
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C3H 

--
C3H 

F3 
C3H 

F3 

C3H1 
F3 C3H 

F3 

C3H 
F3 

CF3 C3H 
CF3 

CF3 C3H, 
CF3 

CF3 C3H 
CF3 

C3H 
CF2H C3H 

CF2H 

C3H 
CF2H C3H 

CF2H 

C5H1 
CF2H 

C5H11 
CF2H 
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--

CF2H 

(Comparative Example 4) 

In order to demonstrate the superiority of the present 

5 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 

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

_lo 



--

(b-0401) 

(b-0402) 

(b-0403) 

(b-0404) 

(b-0405) 

(b-0406) 

294 

F 

C3H7 -0 (CH2)2 -0-0-F 
F 
F 

C5H11 -o(CH2) 2 -0-0-F 
F 

F 

C3H7 -0-0- c==c -0-F 

F F 

C3H7 -0--0-0- F 

F F 

C3H7 -0--V-0- F 

F 
F C3H7-o-o-c-F 

20 wt% 

20 wt% 

15 wt% 

15 wt% 

15 wt% 

15 wt% 

Physical properties of the liquid crystal composition 

TN-I 59.9°C 

-50. °C 

5 /j. E 7.12 

0.146 

1 B MAR 2003 

The nematic liquid crystal composition (3-14) of the 

present invention is capable of operating over a wide range of 

temperatures because TN-r is high and T-N is the same compared 

10 to the mixed liquid crystal (b-04), and also has a large [j.n, 

and is th~refore capable of improving response. 

(Example 15) 

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

from 

---
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(3-1501) 10 wt% 

(3-1502) 10 wt% 

(3-1503) 20 wt% 

(3-1504) 5 wt% 

(3-1505) 10 wt% 

(3-1506) 10 wt% 

(3-1507) r0-Q-c3H1 F 5 wt% 

(3-1508) rO-Q-OcH3 10 wt% 

DD F 

(3-1509) C3H7-0C2H4-0-0-0-F 10wt% 

DD 
DD F 

(3-1510) C3H7 -0 C2H4 -0-0-0- F 10 wt% 

DD 

and various properties of this composition were measured. The 

results are as follows. 

Physical properties of the liquid crystal composition 

88.1°C 

-70. °C 

7 .1 

tin 0.105 

Reliability characteristics of liquid crystal composition 

10 Resistivity before heating acceleration test: 1.0 x 10 13 

Q·cm --

_j, 



5 
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Resistivity after heating acceleration test: 7.4 x 10 1 ~ 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 µm): 

Vth 1. 56 V 

10 v 1. 23 

1r=1d 47. msec 

(Example 16) 

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

from 
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F 

(3-1601) C3H7 -0-C2H4 -0 COO -v- F 10 wt% 

F 

(3-1602) CH30C3H6 -0-0-d- F 7 wt% 

F 

(3-1603) rO-O-V-F 20 wt% 

F 

(3-1604) F 20 wt% 

(3-1605) C3H1 5 wt% -
F 

F 

(3-1606) CsH11-0-C2H4-o-F 5 wt% 

F 

(3-1607) C5H11 -0coo -0-F 5 wt% 
F 

(3-1608) C5H11 -( :>-{)--F 5 wt% 

F 

(3-1609) rD-o-cN 5 wt% 
F 

(3-1610) _rO-b-cN 5 wt% 
F 

(3-1611) ~CN 5 wt% 
F 

(3-1612) ~CN 5 wt% 
F 

(3-1613) C3H1 3 wt% 

and various properties of this composition were measured. The 

results are as follows. 

Physical properties of the liquid crystal composition 

71.1°C 

T_N -30. °C 

!J.f. ~-9.7 

----
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6n 0.094 

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

90 degrees (cell thickness 8 µm): 

Vth 1. 37 V 

5 y 1.16 

Tr=Td 

(Example 17) 

44. msec 

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

from 



(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) 

N-0csH11 
F 

rO-O-O-F 
F 

C3H7 --0---0-0- F 

F 
F 

C4H9 --0---0-0- F 

299 

- F F 

C3H7 -0--C(:)- COO -0- CN 

F 

C3H7 -0-0- COO ---0-- CN 

_23H7 -0-0-COO -0-0 C3H7 

1 8 MAR 2003 

8 wt% 

5 wt% 

9 wt% 

5 wt% 

5 wt% 

12 wt% 

5 wt% 

10 wt% 

16 wt% 

5 wt% 

5 wt% 

6 wt% 

6 wt% 

3 wt% 

and various properties of this composition were measured. The 

results are as follows. 

Physical properties of the liquid crystal composition 

80.0°C 

T~N -7 0. °C -



6.E 

6.n 

20.2 

0.145 
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Display characteristics of the TN-LCD having a twist angle of 

90 degrees (cell thickness 6 µm): 

5 Vth 0. 91 V 

y 1.16 

(Example 18) 

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

from 



5 

(3-1801) 

(3-1802) 

(3-1803) 

(3-1804) 

(3-1805) 

(3-1806) 

(3-1807) 

(3-1808) 

(3-1809) 

(3-1810) 

301 

DD F 

C3H7 -0--0-0- F 

. DD D D F C2H5-o-o-o-F 
D F 

0 D F 

C3H7 -0--0-0- F 

OD DD F F 

C3H7 -0-0 C2H4--o- F 

D D F 
D D F 

C3H7 -0- C2H4 -0-0-F 

D D F 
DD F 

C3H7-0-0-0-F 
D F 
DD F 

C4H9 -0-0-0-F 
D F 

DD F 

C5H11 -0-0-0-F 
D F 

DD F 

C3H7 -0- C2H4 --0-0-0- F 

D D 
DD 

F 

·1 Li IV1AR 2003 

12 wt% 

6 wt% 

6 wt% 

12 wt% 

12 wt% 

12 wt% 

12 wt% 

12 wt% 

12 wt% 

4 wt% 

and various pr·operties of this composition were measured. The 

results are as follows. 

Physical prop~rties of the liquid crystal composition 

TN-: 99.5°c 

T_N -70. oc 

--6 c. 8.4 

--
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0.099 

Reliability characteristics of liquid crystal composition 

Voltage nolding ratio before heating acceleration test: 

98.8% 

5 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 µm): -
Vth 1. 19 V 

10 y 1. 25 

49. msec 

(Example 19) 

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

from 
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(3-1901) 10 wt% 

(3-1902) 5 wt% 

(3-1903) 10 wt% 

(3-1904) 10 wt% 

(3-1905) 10 wt% 

-- (3-1906) 5 wt% 

(3-1907) 6 wt% 

(3-1908) 6 wt% 

(3-1909) 6 wt% 

(3-1910) 10 wt% 

(3-1911) 10 wt% 

(3-1912) 6 wt% 

(3-1913) 6 wt% 

and various properties of this composition were measured. The 

results ar€ as follows. 

Physical properties of the liquid crystal composition 

5 TN-I 67.5°C 

!::i.e. 14.5 

l:i.n --0.262 

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

90 degrees (cell thickness 8 µm): 

Vth 1.18 V 

y 1. 21 

5 The nematic liquid crystal composition is capable of 

operating over a wide range of temperatures because TN-I is 

high compared to the comparative liquid crystal (b-05) 

- described in Comparative Example 5 described below, and also -
has a large ~n, and is therefore capable of improving 

10 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 µm and display 

characteristics thereof were measured. A liquid crystal 

15 display device having a threshold voltage of 0.97 Vanda 

response speed of 4.6 msec. 

In the same manner as in the case of the nematic liquid 

crystal composition (3-19), except that the compound (2-19-01) 

described below was used in place of the compound (3-1904) in 

20 the nematic l~quid crystal composition (3-19) of this Example, 

a nematic liquid crystal composition (3-19-01) was prepared. 

Also in tne same manner as in the case of the nematic liquid 

crystal compo$ition (3-19), except that the respective 

compounds (2-19-02) to (2-19-16) described below were used in 

25 place of the compound (3-1904) in the nematic liquid crystal 

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

compositions (3-19-02) to (3-19-16) were prepared. Also in 

iii 
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the same manner as in the case of the nematic liquid 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 

5 Example, nematic liquid crystal compositions (3-19-17) to (3-

19-24) were prepared. 

The display characteristics of these nematic liquid 

- crystal compositions (3-19-01) to (3-19-24) showed good -
results, similar to this Example. Particularly, the nematic 

10 liquid crystal composition (3-19-11) was superior in response 

characteristics, while the nematic liquid crystal compositions 

(3-19-01) I (3...;19-04) I (3-19-07) I (3-19-10) I (3-19-13) I (3-19-

16) and (3-19-21) exhibited the reduced driving voltage of 

about 0.95 V. 



--

(2-19-01) 

C4H ~ f 

(2-19-02) ~ # 

C4H~ !=\' 

~-'~ 
(2-19-03) -

C4Hr0-{ ,=1 
(2-19-0~)~ 

C4H 

N 

(Comparative Example 5) 

306 

(2-19-22) 

CsH1 

( ) 2-19-23 

1 8 MAR 2003 

In order to demonstrate the superiority of the present · 

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



-
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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 

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

(b-0501) 

(b-0502) 

(b-0503) 

(b-0504) 

(b-0505) 

(b-0506) 

(b-0507) 

(b-0508) 

(b-0509) 

(b-0510) 

(b-0511) 

(b-0512) 

(b-0513) 

0 4H9 -0-0CN 

F 

G4H9 -0--0- CN 

F 

c,H0-0-0cN 
F F 

C.4H9 -0-0 CN 

C5ti 11 -0-0- CN 

F 

C5tl 11 -0-V- CN 

F F 

C3H1-d-O-F 
F F 

CtHe-d-0-F 
F F 

C5H11 -d-O-F 
F F 

C3H7 --0-c==c -0--F 
F F 

C!iH,, --0-c==c-0-F 
F 

03H7 -0 C:= C -Q- F 
F 
F 

C5H,,-Q-c==c-Q-F 
F 

10 wt% 

5 wt% 

10 wt% 

10 wt% 

10 wt% 

5 wt% 

6 wt% 

6 wt% 

6 wt% 

10 wt% 

10 wt% 

6 wt% 

6 wt% 

Physica1 properties of the liquid crystal composition 

Room temperature or lower --
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Impossible to measure 

-0.n Impossible to measure 

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

90 degrees (cell thickness 8 µm): 

5 Vth Impossible to measure 

y Impossible to measure 

(Example 20) 

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

from 

(3-2001) 7 wt% 

(3-2002) 7 wt% 

(3-2003) 7 wt% 

(3-2004) 7 wt% 

(3-2005) 7 wt% 

(3-2006) 7 wt% 

(3-2007) 6 wt% 

(3-2008) 7 wt% 

(3-2009) 7 wt% 

(3-2010) 8 wt% 

(3-2011) 15 wt% 

(3-2012) 15 wt% 

10 
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and various properties of this composition were measured. The 

results are a~ follows. 

Physical properties of the liquid crystal composition 

68.7°C 

5 10.3 

lin 0.201 

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

- 90 degrees (cell thickness 6 µm): -
Vth 1.32 v 

10 y 1.14 

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 

15 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 2.5 µm and display 

20 characteristics thereof were measured. A liquid crystal 

display device having a threshold voltage of 1.19 Vanda 

response speed of 2.8 msec. was obtained. 

(Example 21) 

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

25 from 

---



5 

(3-2101) 

(3-2102) 

(3-2103) 

(3-2104) 

(3-2105) 

(3-2106) 

(3-2107) 

(3-2108) 

(3-2109) 
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Lr-Oc=c-Q-

~c==c-Q-c2H5 
DD F 

C3H7 -0-V c==c -0 C2HS 
D F 

c,H,-0---0-c=c-p-
F F 

C3H7-0-0c==c-C-F 
F F 

C3H7-0-0c=c-O-F 
F 

DD F F 

C3H7~c==c-O-F 
D F 

C3H7 --(/;--{ 0 _ _A_ 
~ ~ ~ C=C-'--/(F 

C3H1 ~F - _A_ F 
-~C=C '\_.!( F 

F 
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15 wt% 

15 wt% 

15 wt% 

15 wt% 

15 wt% 

10 wt% 

5 wt% 

5 wt% 

5 wt% 

and various properties of this composition were measured. The 

results are as follows. 

Physical prope:rties of the liquid crystal composition 

TN-I 99.4°C 

T_N -4 0 .- oc 

6'2. 7.2 

6n 0.28-3 

fl 29. 3- cp 

10 Reliability c~aracteristics of liquid crystal composition 

Resistivity before heating acceleration test: 4.2 x 10 12 
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Q·cm 

Resistivity after heating acceleration test: 1. 3 x 10 12 
Q· 

cm 

Voltage holding ratio before heating acceleration test: 

5 98. 5% 

Voltage holding ratio after heating acceleration test: 

97.9% 

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

90 degrees (cell thickness 8 µm): 

10 Vth 2.14 v 

y 1.14 

1r=1d 34.1 msec 

This nematic liquid crystal composition is capable of 

operating over a wide range of temperatures because TN-I is 

15 high and T-N is low, and has such features as the capability to 

improve the response characteristic because the viscosity ~ is 

low or the value of ~n is larger in comparison to the 

viscosity ~· 

Also because this nematic liquid crystal composition has 

20 high resisti v,ity 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 c9nstit~ent material has excellent characteristics with 

25 less leak current without occurrence of flicker. 

Th.i.s_nematic liquid cry~l composition further shows a 
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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 

5 high-frequency multiplexing drive. 

This nematic liquid crystal composition was used to make 

TN-LCD having cell thickness d of 1.8 µm and display 

- characteristiqs thereof were measured. A liquid crystal -
display device having a threshold voltage of 1.82 Vanda 

10 response speed of 2.4 msec. was obtained. 

In the s~e 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, 

15 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 

20 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 

composition (3-21), except that the respective compounds (2-

21-22) to (2-21-31) described below were used in place of the 

25 compound (3-2109) in the nematic liquid crystal composition 

(3-21) -0f this Example, nematic liquid crystal compositions 

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

--
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(2-21-01)_ 

--
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(2-21-25) 

C3H, ~ ti ~ -
e ~ # 

- -=c~ 
(2-21-27) - . ~T 

C3H ~ fi ~ -
:.::=e ~ # 

--
C3H, ~-fi ~ . ~ 

_ e:e~1~ 

(Example 22) 

A nematic liquid crystal composition (3-22) was prepared 

5 from 
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(3-2201) 10 wt% 

(3-2202) 5 wt% 

(3-2203) 5 wt% 

(3-2204) 5 wt% 

(3-2205) 5 wt% 

- (3-2206) 10 wt% -
(3-2207) 10 wt% 

(3-2208) rD-ocsH11 20 wt% 

(3-2209) 13 wt% 

(3-2210) 7 wt% 

(3-2211) C3H7 -0-0- c:=c -0- C2H5 5 wt% 

(3-2212) C3H7 -0 coo-Q- c::=c -0-C2H5 5 wt% 

and various properties of this composition were measured. The 

results are a~ follows. 

Physical properties of the liquid crystal composition 

89.4°C 

-70. °C 

8.7 

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

10 90 degrees (cell thickness 6 µm): 

Vth 2.0? V 

y _:_1.15 

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

240 degrees 

Vth 2.35 V 

y 1. 028 

5 b..(Vth)/b..(T) 2.8 mV/°C (T=S to 40°C) 

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) 

10 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 

15 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 

20 crystal compositions (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 d~iving voltage of about 1.8 V. 

~. 
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(Example 23) 

A nematic liquid crystal composition (3-23) was prepared 

5 from 

---



--
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F 

(3-2301) rO-O-V-F 10 wt% 
. F 

(3-2302) rO-O-O-F 10 wt% 

F 
0 D F 

(3-2303) 10 wt% 

0 D F 

(3-2304) C3H7-0-0CN 10wt% 

(3-2305) 

(3-2306) 

(3-2307) 

(3-2308) 

(3-2309) 

(3-2310) 

(3-2311) 

~CN 

FD-Oc5H11 

rO-O-O-
DD 

rO-Q-o-ocF3 

DD D 

C3H7 -0--0-0 OCF3 

DD 

F 

10 wt% 

10 wt% 

10 wt% 

10 wt% 

10 wt% 

5 wt% 

5 wt% 

and various properties of this composition were measured. 

(Example 24) 

1 8 MAR 7003 

A nematic liquid crystal composition (3-24) was prepared 

5 from 



1 B MAR 2003 
320 

(3-2401) 10 wt% 

(3-2402) 5 wt% 

(3-2403) 5 wt% 

(3-2404) 5 wt% 

(3-2405) 10 wt% 

(3-2406) 
F 10 wt% 

DD F F 

(3-2407) C3H7-o-Q-O-F 7 wt% 

DD D FF 

(3-2408) 10 wt% 

D F F 

(3-2409) C3H7 -0-0 C=C -0- F 
10 wt% 

(3-2410) % 
FF 

C3H7 -0 
c=c ~ tJ F 

8 wt% 

DD F F 

(3-2411) C3H7-{)--0-c=c-O-F 
10 wt% 

D F 

(3-2412) CH~F /\. ~ 
37 ~~OCF3 10 wt% 

and various properties of this composition were measured. The 

results are as follows. 

Physical properties of the liquid crystal composition 

5 TN-I 74.l°C 

T_N -70. oc 

6 f. _14.3 

--
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6n 0.151 

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

90 degrees (cell thickness 6 µm): 

Vth 1. 08 V 

5 y 1.15 

(Example 25) 

A nematic liquid crystal composition (3-25) was prepared 

from 

F 

(3-2501) C2H5 -0 COO --6 CN 8 wt% 
F 

(3-2502) C3H7 -0 COO -0-CN 5 wt% 
F 

(3-2503) C4H9 -0 COO --6 CN 16 wt% 

F 

(3-2504) C5H11 -0coo -0-cN 7 wt% 

F F 

(3-2505) C4H9-0coo -0-cN 5 wt% 

F 

(3-2506) % F C3H7 -0-COO ~ 8 CN 5 wt% 

F 

(3-2507) rD--Oc5H11 10 wt% 
F 

(3-2508) rO-O--b--F 17 wt% 

(3-2509) CJH7 -0-0 C::=C -0 C2H5 
7 wt% 

(3-2510) C4H9 -0-0 c==c-0- C2H5 
6 wt% 

(3-2511) C3H7 -0-0 COO -0-0 C3H7 
7 wt% 

(3-2512) C3H7 -0-0 COO -0-0 C4H9 
7 wt% 

10 and vario_us properties of this composition were measured. The 
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results are as· follows. 

Physical properties of the liquid crystal composition 

TN-I 92.1°C 

-41. °C 

19.2 

lln 0.145 

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

90 degrees (cell thickness 6 µm): 

Vth 1. 00 V 

10 y 1.13 

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

240 degrees 

Vth 1.08 V 

y 1. 036 

15 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 

Technologyu (p.63, CMC Publication). Thus it can be 

understood that this liquid crystal composition is useful for 

20 high-frequenci multiplexing drive. 

(Example 26) 

A nematic liquid crystal composition (3-26) was prepared 

from 

---



--

(3-2601) 

(3-2602) 

(3-2603) 

(3-2604) 

(3-2605) 

(3-2606) 

(3-2607) 

(3-2608) 

(3-2609) 

(3-2610) 

(3-2611) 

(3-2612) 
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D D F rO-O-O-F 
D F 

0 D F 

C3H7 -0-0--0- F 

DD DD F F 

C2H5 -0-0- C2H4-o-F 

DD F 
DD F 

C2H5 -0- C2H4 --0-0- F 

D D F 
DD F 

C3H7 --0-0-0- F 

D F 

DD F 

C2H5 --0- C2H4 -0-0-0-F 

D D 
DD F 

C3H7 -0- C2H4 -0-0-0-F 

DD 
F 

C3H7 -0- C2H4 -0-0--0- F 

F 

rO-Q-csH11 

F F 

C3H9 -0-0--0- F 

F 
F 

F 

1 8 MAR 2003 

7 wt% 

7 wt% 

7 wt% 

7 wt% 

13 wt% 

8 wt% 

7 wt% 

7 wt% 

6 wt% 

10 wt% 

14 wt% 

7 wt% 

and various properties of this composition were measured. The 

results are as follows. 

Physical properties of the liquid crystal composition 

81.0°C --



--

5 

10 

15 
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-70. °C 

8. 6 

0.120 

Reliability characteristics of liquid crystal composition 

Resistivity before heating acceleration test: 2.0 x 10 13 

Q·cm 

Resistivity after heating acceleration test: 6.3 x 10 12 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 (cell thickness 6 µm): 

Vth 1. 44 v 

y 1.15 

50. msec 

This nem~tic liquid crystal composition is capable of 

operating over a wide range of temperatures because TN-r is 

20 high and T-N is low, and has such features as comparatively 

good response characteristic even at low driving voltage. 

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 

25 thermal stability is ensured. The active matrix liquid 

crysta1-display device that fil:!illloys 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 nemati~ liquid crystal composition (3-27) was prepared 

5 from 

D D F 

(3-2701) C3H7 -0--0- C==C -0- F 10 wt% 

D F 

- F -
C4H9 -0-0-c==c -0- F (3-2702) 10 wt% 

F 
DD F F 

(3-2703) C3H7 -0-0-c==c-0- F 10 wt% 

D F 

DD F 

(3-2704) C3H7 -0--0-c==c-Q- 5 wt% 

D F 
F F 

(3-2705) C3H7 -0-0 C==G -0- F 10 wt% 

F F 

(3-2706) C3H7 -0-0 C==G -0- F 5 wt% 

F 

(3-2707) C5H11 -0-0-0 CN 10 wt% 

F 

(3-2708) C2H5 -0-0- COO -u- CN 
10 wt% 

F 

(3-2709) C3H7 -0-0-COO -u- CN 
10 wt% 

F 

(3-2710) C4H9 -0-0- COO -u- CN 
10 wt% 

(3-2711) 
-co F 

C
3H

7 -0- COO -v- CN 10 wt% 

and var·ious properties of this composition were measured. The 

results_§-~e as follows. 
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Physical prop~rties of the liquid crystal composition 

'IN-I 164,1°C 

T_N 

6£ 

5 6n 

-50. °C 

30.4 

0.254 

1 8 MAR 2003 

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

90 degrees (cell thickness 8 µm): 

Vth 1.23 V 

y 1.16 

10 This nematic liquid crystal composition is capable of 

operating over a wide range of temperatures because TN-I is 

high and T-N is low. 

(Example 2 8) 

A nematic liquid crystal composition (3-28) was prepared 

15 from 
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(3-2801) c 3H7 -Q-c==c-Q-
20 wt% 

(3-2802) C3H7 -0-C:=C -0 OC2H5 
10 wt% 

(3-2803) C5H11 -0-c==c-OocH3 
5 wt% 

(3-2804) C3H7 --0-0 C=:C -0 C2H5 
7 wt% 

(3-2805) C4H9 --0-0 C:=C -0- 8 wt% 

F 

(3-2806) c,H,-O-O-c==c-p-- F 

10 wt% 

(3-2807) C 4H9 -{~-0CN 
N 

6 wt% 

-{N-0 (3-2808) C5H11 , ~ u CN 
N 

7 wt% 

-Qi-6 (3-2809) C3H1 
CN 

7 wt% 

(3-2810) _rO-OcN 10 wt% 

(3-2811) ~CN 10 wt% 

and various properties of this composition were measured. The 

results are as follows. 

Physical properties of the liquid crystal composition 

72.l°C 

-70. °C 

6c. 99 

6n --0.228 

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

10 90 degrees (cell thickness 8 µrn): 

Vth 1. 69 v 

y 1.15 

34. msec 
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(Example 29) 

A nematic liquid crystal composition (3-29) was prepared 

from 

(3-2901) C3H7 -<=b-o-
~ 8 F 

25 wt% 

(3-2902) C3H7 -<=b-o-
~ 8 OCF3 

25 wt% 

(3-2903) C,H,<D---0-
~ 8 F -

10 wt% 

-
(3-2904) C3H1 20 wt% 

(3-2905) C2H5 20 wt% 

5 and various properties of this composition were measured. The 

results are as follows. 

Physical properties of the liquid crystal composition 

83.5°C 

-70. °C 

10 4. 5 

lln 0.073 

Reliability characteristics of liquid crystal composition 

Resistivity before heating acceleration test: 1.2 x 1013 

Q·cm 

15 Resiitivity after heating acceleration test: 7.7 x 10 12 Q· 

cm 

Voltage holding ratio before heating acceleration test: 

99.8% 

Voltage holding ratio after heating acceleratlon test: 

---
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98.8% 

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

90 degrees (cell thickness 6 µm): 

Vth 1.79 v 

5 y 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 TN-I is -
high and T-N is low, and has a low driving voltage compared to 

10 the value of dielectric constant anisotropy ~E, 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 

15 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. 

20 In the same manner as in the case of the nematic liquid 

crystal compo&ition (3-29), except that the compound (2-29-01) 

describedf)elow 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. 

25 Also in the same manner as in the case of the nematic liquid 

crystal composition (3-29), except that the respective 

compound~ (2-29-02) to (2-29-12) were used in place 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-

5 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. 

10 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 ( 3-2 9-01) , ( 3-2 9-13) , ( 3-2 9-16) , 

(3-29-19), (3-29-22) and (3-29-25) exhibited the reduced 

15 driving voltage of about 1.5 V. 



.,. 
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(2-29-01) C2H~ (2-29-14) C3HrQ)-o--c1 

(2-29-02) C,H~ (2-29-15) C,H~I ~ h 

(2-29-03) C5H1~ (2-29-16) ~ ;; 

(2-29-04) C5H1~ (2-29-17) ~ ;; C3HrCO----O-c ~ 9 F3 
(2-29-05) C1H1~ 

~ h (2-29-18) C,H~ 
rCQ--Q-F 

~ 9 f3 
- (2-29-06) -

(2-29-19) 

~ 
f 3 

(2-29-07) 

(2-29-20) 

~ (2-29-08) 

(2-29-09) 
~ ;; 

(2-29-21) 

(2-29-10) ~ 
(2-29-22) 

CF3 
h 

(2-29-11) (2-29-23) C3H~ ~ 9 CF2H 

(2-29-12) (2-29-24) C3H~ ~ ;; CF2H 

(2-29-13) (2-29-25) C3H1 
CF2H 

(Comparative Example 6) 

In order to demonstrate the superiority of the present 

5 invention, a mixed liquid crystal (b-06) made by substituting 

the liquid crystal component A of the nematic liquid crystal 

composition (3-29) described above with another compound. 

Specifically, the compound was replaced by a compound in whi'ch 

the decahydrortaphthalene-2,6-diyl group is substit~ted with 
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the 1,4-cyclohexylene group. The results are as follows. 

(b-0601) C3H7-0-0-F 25 wt% 

(b-0602) C3H7-Q-OocF3 25 wt% 

F 

(b-0603) C3H7-o-o-F 10 wt% 

F 

(b-0604) C3H7-0-0-0-F 20 wt% 

F 

(b-0605) C2H5-o-o-o-F 20 wt% 

--
The mixed liquid crystal (b-06) is composed of the 

components described above. 

5 Physical properties of the liquid crystal composition 

-4°C 

Impossible to measure 

6n Impossible to measure 

Impossible to measure 

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

90 degrees (cell thickness 6 µm): 

Vth Impossible to measure 

y Impossible to measure 

1r=1d: ImpQssible to measure 

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

240 degrees 

Vth Impossible to measure 

y Impossible to measure 

6 (Vth) /6 (T): Impossible to measure 

20 1r=1d: -·~Impossible 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 

5 a wide range of temperatures because TN-I is high and T-N is 

low, and has e~cellent co-solubility. 

(Example 30) 

- A nematic liquid crystal composition (3-30) was prepared -
from 



--

5 

(3-3001) 

(3-3002) 

(3-3003) 

(3-3004) 

(3-3005) 

(3-3006) 

(3-3007) 

(3-3008) 

(3-3009) 

(3-3010) 

(3-3011) 

(3-3012) 
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03H1~ ;==\F 
~F 

F F 
CsH11 

F 

05H11 ~ fi ~ -
- %-Q-F F 

- ~ ~ F 

F F 

02H5 -0-0-0-F 
F 

C4H9 -0-0-0-F 
D D F 

Q2Hs --0-0-0-F 

DD D F F 

C3H7-0-0-0F 
DDDD F F 

C~H9 --0--0-0-F 

DD D D F F 

CsH11 --0-0-0-F 

~ r-\ D F 

IF "--\.__)-\_)- C3H1 

DD F 

C2H5 -O-c2H4 -0-0-0 F 

DD 
DD F 

C3H7 -O-c2H4 -0-0-0 F 

DD 
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10 wt% 

10 wt% 

10 wt% 

10 wt% 

10 wt% 

5 wt% 

5 wt% 

5 wt% 

5 wt% 

10 wt% 

10 wt% 

10 wt% 

and various pr-Operties of this composition were measured. The 

results are as' follows. 

Physical prop~rties of the liquid crystal composition 

TN-I 95.0°c 

T_N -70. oc 

6. '2 6.9 

6.n 0.080 
---
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Resistivity before heating acceleration test: 9.9 x 10
1
= 

Q·cm 

Resistivity after heating acceleration test: 5.3 x 10 12 Q· 

cm 

5 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 

10 90 degrees (cell thickness 6 µm): 

Vth 1. 38 V 

y 1.281 

The nematic liquid crystal composition is capable of 

operating over a wide range of temperatures because TN-r is 

15 high and T-N is low, and has a low driving voltage compared to 

the value of dielectric constant anisotropy ~E, 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 

20 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 

charact~ristics with less leak current without occurrence of 

25 flicker. 

( Example-31) 

,;;:h 



--
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A nematic liquid crystal composition (3-31) was prepared 

from 

(3-3101) 

(3-3102) 

(3-3103) 

(3-3104) 

(3-3105) 

(3-3106) 

(3-3107) 

(3-3108) 

(3-3109) 

DD DD F 

C2H5 -O-c2H4 -0-0-0-F 

DD 

15 wt% 

15 wt% 

10 wt% 

10 wt% 

5 wt% 

15 wt% 

15 wt% 

10 wt% 

5 wt% 

and various properties of this composition were measured. The 

5 results are as follows. 

Physical properties of the liquid crystal composition 

TN-I 86.2°C 

LN -70 .. °C 

6.f. 4. 9 

10 6.n 0.089 

28.9 c.p. 

Re~rstivity before heat~ acceleration test+- 1.0 x 1013 

;,i, 
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Q·cm 

Resistivity after heating acceleration test: 7.6 x 1012 
Q· 

cm 

Voltage holding ratio before heating acceleration test: 

5 99.2% 

10 

Voltage nolding ratio after heating acceleration test: 

98.6% 

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

90 degrees (cell thickness 6 µm): 

Vth 

y 

1r=1d: 

1. 69 v 

1. 251 

42.1 msec 

The nematic liquid crystal composition is capable of 

operating over a wide range of temperatures because TN-r is 

15 high and T-N is low, and has a low driving voltage compared to 

the value of dielectric constant anisotropy ~E, and is 

therefore capable of operating even for high resolution 

display corre$ponding to a large duty number. Also because 

this nematic liquid crystal composition has high resistivity 

20 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 

charact~ristics with less leak current without occurrence of 

25 flicker. 

( Exampl.e.-32) 
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A nematic liquid crystal composition (3-32) was prepared 

from 

(3-3201) 10 wt% 

(3-3202) 10 wt% 

(3-3203) 10 wt% 

--
(3-3204) 10 wt% 

(3-3205) 15 wt% 

(3-3206) 10 wt% 

(3-3207) 15 wt% 

(3-3208) 10 wt% 

(3-3209) 15 wt% 

and various properties of this composition were measured. The 

5 results are as follows. 

Physical properties of the liquid crystal composition 

TN-I 8 6. 3 ° c 

-70 .• °C 

4.2 

10 6n 0.067 

Resistivity before heating acceleration test: 5.0 x 10 13 

<I. 
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Q·cm 

Resistivity after heating acceleration test: 8.8 x 10 12 
Q· 

cm 

Voltage holding ratio before heating acceleration test: 

5 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 µm): 

10 Vth 2 .2g v 

v 1. 2 8:4 

The nematic liquid crystal composition is capable of 

operating over- a wide range of temperatures because TN-I is 

high and T-N is low, and has a low driving voltage compared to 

15 the value of dielectric constant anisotropy ~E, 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 

20 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. 

25 (Example 33) 

A nematic liquid crystal _Gomposition (3-33) was prepared 

.1 
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from 

(3-3301) 10 wt% 

(3-3302) 10 wt% 

(3-3303) 10 wt% 

--
(3-3304) 5 wt% 

(3-3305) 10 wt% 

(3-3306) 10 wt% 

(3-3307) 10 wt% 

F 

(3-3308) 10 wt% 
F 

F F 

(3-3309) 10 wt% 

DD D D 

(3-3310) 15 wt% 
D D 

and various properties of this composition were measured. The 

results are as follows. 

5 Physical properties of the liquid crystal composition 

TN-I 71.4°C 

T_N -70. oc 

!::. f. 8.1 ---
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lrn 0.089 

Voltage holding ratio before heating acceleration test: 

99.0% 

Voltage holding ratio after heating acceleration test: 

5 98.8% 

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

90 degrees (cell thickness 6 µm): 

Vth 1.12 v --
y 1. 256 

10 The nematic liquid crystal composition is capable of 

operating over a wide range of temperatures because TN-r is 

high and T-N is low, and has a low driving voltage compared to 

the value of dielectric constant anisotropy 6E, and is 

therefore capable of operating even for high resolution 

15 display corre~ponding 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 

20 composition as the basic constituent material has excellent 

characteristics 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 

25 crystal composition (3-33), except that the respective 

compounds (2-33-01) to (2-33-71) described below were used in 

place of the compound (3-3303) in the nematic liquid 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, 

5 similar to this Example. 
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CF2H 
C3H, 

N 

N 
C3H 

CF2H 

C3H 
N C3H 

(2-33-18) 

(2-33-19) --

C3H, (2-33-20) 

(2-33-21) 

C3H 

(2-33-22) 

F3 

(2-33-23) 

F3 

C3H, (2-33-24) 

CF3 (2-33-25) 

C3H 
CF3 (2-33-26) 

C3H 
CF3 

-ii 



(2-33-27) 

C5H13 

(2-33-28) 

C1H15 

(2-33-29) 

(2-33-30) 

-- (2-33-31) 

(2-33-32) 

(2-33-33) 

(2-33-34) 

(2-33-35) 

(2-33-36) 

(2-33-37) 

(2-33-38) 

344 

(2-33-39) 

CH30C5H1 

(2-33-40) 

C2H50CH 

(2-33-41) 

(2-33-42) 

(2-33-43) 

(2-33-44) 

C2H50C5H1 

(2-33-45) 

(2-33-46) 

(2-33-47) 

(2-33-48) 

(2-33-49) 

(2-33-50) 
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(2-33-54) 

(2-33-58) 

(2-33-59) 

(2-33-60) 

(2-33-61) 

(Example 34) 

345 

(2-33-62) 

CH3CH2=CHC2H4 

(2-33-63) 

CH2=CHC2HsCH=CH 

-CHF=C 

(2-33-68) 
CHF=CHC2H 

(2-33-69) 

CH2=CFC2H 

(2-33-70) 

(2-33-71) 
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A nematic liquid crystal composition (3-34) was prepared 

5 from 



(3-3401) 

(3-3402) 

(3-3403) 

(3-3404) 

(3-3405) 

(3-3406) 

(3-3407) 

(3-3408) 

(3-3409) 

346 

_ F F 

C3H7--0-0c==c-O-F 
F F 

C4H9 --0-0 c==c-0-F 
F F 

C5H11--0-0c==c-O-F 
.DD 

F F 

C3H7-0-c==c-V-F 

C3H7 -0 C == C -0-
F 

C3H7 -0-0-C ==C -0-
F 

F 

1 B MAR 7003 

15 wt% 

15 wt% 

15 wt% 

10 wt% 

5 wt% 

10 wt% 

15 wt% 

13 wt% 

2 wt% 

and various p~operties of this composition were measured. The 

results are a~ follows. 

Physical properties of the liquid crystal composition 

100.2°C 

-40 ~ °C 

lrn 0. 268 

Voltage holding ratio before heating acceleration test: 

10 98.9% 

Vo-14=-age holding ratio a-f.:t.er heating acceleration test: 

---



-~ 
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98.0% 

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

90 degrees (cell thickness 6 µm): 

Vth 2.09 v 

5 y 1.148 

The nematic liquid crystal composition is capable of 

operating over a wide range of temperatures because TN-I is 

high and T-N is low, and also has a large value of 6n, and is 

therefore capable of improving the response speed. Also 

10 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 

15 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 

20 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 1.9 µm and display 

25 characteristicp thereof were measured. A liquid crystal 

display device. having a threshold voltage of 1.67 Vanda 

response _speed of 2.6 msec. was obtained. 
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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 

5 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 

10 Example. 
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(Example 35) 

A nematic liquid crystal composition (3-35) was prepared 

5 from 
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(3-3501) C2Hs -ct>-d- CN 5 wt% 

(3-3502) _r0-Q-cN 5 wt% 
F 

(3-3503) C2H5 -0 COO --0- CN 5 wt% 

F 

(3-3504) C5H11 -0 COO -0-CN 5 wt% 

C5H11 -0-0CN 

F 
(3-3505) 5 wt% 

- (3-3506) C5H11 -{:-0CN - 5 wt% 

(3-3507) C5H11 -0-C=C -0- OC2H5 10 wt% 

(3-3508) C3H7 -0-C=C -0- OC2H5 10 wt% 

(3-3509) r-D-OcsH11 20 wt% 

(3-3510) rO-O-O- 13 wt% 

(3-3511) 7 wt% 

(3-3512) C3H7 -0-0 C==:C -0 C2H5 5 wt% 

(3-3513) C3H7 -0 coo-0 c=c-0 c 2H5 5 wt% 

and various properties of this composition were measured. The 

results are as follows. 

Physical properties of the liquid crystal composition 

J37.5°C 

-70. °C 

9.8 

tin 0 .162 

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

10 90 degrees (cell thickness 6 µm): 



5 

Vth 

y 

1. 86· v 

1.16 
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Display characteristics of the STN-LCD having a twist angle of 

240 degrees 

Vth 1. 99 V 

y 1.021 

6(Vth)/6(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 

10 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 

15 crystal compo~ition (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 

composition (3-35) of this Example, nematic liquid crystal 

compositions (3-35-01) to (3-35-90) were prepared. The 

20 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) . 

C3H~. J=\N 
·~ 

(2-35-02) ; 

C5H1~ t=\ N 
·~ 

(2-35-03) 

~N 
(2-35-04) ~ 

J-Ctro-cN 
(2-35-05) 

~N 
(2-35-06) ~· ~ 

C3H I '--\..__)-\_)-CN 

(2-35-07) ~ 
C5H1 : -

~ # N 

(2-35-08) . 

~.~ 
//~N 

(2-35-09) 

353 

(2-35-15) 
~ 

(2-35-26) 
C3H 

1 8 MAR 2DOJ 
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(2-35-42) 

-- (2-35-32) 

(2-35-35) 
(2-35-47) 

(2-35-36) 
(2-35-48) 

(2-35-37) 
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(2-35-52) (2-35-64) 

(2-35-67) 

--

(2-35-57) 



--

(2-35-76) 
C3H~ J=1. 
·~N 

(2-35-77) . 
C5H1~ J=1. 
·~N 

(2-35-78) 

rlh J=l.N 
I/~ 

(2-35-79) 

~~ 
(2-35-80) 

~ 9 
~ 9 N 

(2-35-81) 
C3H~ J 
'~N 

(2-35-82) . 
CsH1~ J 
"~N 

(2-35-83) . 

~N 

(Example 36) 
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N 

(2-35-85) 

(2-35-87) 

A nematic liquid crystal composition (3-36) was prepared 

5 from 

.. , 
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(3-3601) 8 wt% 

(3-3602) 5 wt% 

(3-3603) 16 wt% 

(3-3604) 7 wt% 

(3-3605) 8 wt% 

--
(3-3606) 3 wt% 

(3-3607) 7 wt% 

(3-3608) 3 wt% 

(3-3609) 8 wt% 

(3-3610) 19 wt% 

(3-3611) 6 wt% 

(3-3612) 6 wt% 
~ 

(3-3613) CaH1 -0-0- C2H4 -0-0 C2H5 4 wt% 

and various prpperties of this composition were measured. The 

results are a~ follows. 

Physical prope~ties of the liquid crystal composition 

5 TN-I 84.S)c 

T_N -70.' aC 

6. E 20.4 

6.n _0.133 

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

90 degrees (cell thickness 6 µm): 
I 

Vth 0.82: V 

y 1. 27-

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

10 

15 

240 degrees 

Vth 1.90 V 

y 1.01-S 

6(Vth)/6(T) 1.5 mV/°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 

characteristici-which are superior in high-frequency time 

I 
division chara¢teristic due to sharpness. 

The follo~ing nematic liquid compositions are prepared. 

In the same manner as in the case of the nematic liquid 

crystal composition (3-36), except that the respective 

compounds (2-:16-01) to (2-36-90) described below were used in 

20 place of the c:Wmpound (3-3607) in the nematic liquid crystal 

composition (~~36) of this Example, nematic liquid crystal 

compositions (~-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, 

25 similar to this Example. 

in 



--

" ii. 
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(Example _3 7) --
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A nematic-liquid crystal composition (3-37) was prepared 

from 

(3-3701) C3H7 -0- C=aC -0- 15 wt% 

(3-3702) ~c==c-Q- 15 wt% 

F F 

(3-3703) C3H7 -0-0 C=:G -0- F 15 wt% 

F F 

- (3-3704) - C3H7 -0-0 C=aC -0- F 10 wt% 

F 

(3-3705) C3H1 -% F 
C::::::C-0-F 

8 wt% 

F F F 

(3-3706) C,H,%-o c==c-0-F 7 wt% 

D D F 
F 

(3-3707) C3H7 -0-Q-c==c-Q- 15 wt% 

D F 
- F 

(3-3708) C3H1 --0-0-c==c ~ 15 wt% 

and various properties of this composition were measured. The 

5 results are as c follows. 

Physical prope~ties of the liquid crystal composition 

TN-I 112.:()°C 

T~N -70. oc 

6c. -10. o· 

10 6n 0.31J 

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

90 degrees (cell thickness 8 µm): 

Vth 2 .10 V 

6 (Vth) I 6 (_T) 2.6 mV/°C (T=O to 50°C) 
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The nematic liquid crystal composition is capable of 

operating over. a wide range of temperatures because TN-r is 

high and T-N i$ low, and has large ~n compared to the value of 

viscosity 11, and is therefore capable of improving the 

5 response characteristics. It also has a large dielectric 

constant anisatropy ~E compared to the value of the viscosity 

11, and is the1fofore capable of improving the response 

characteristiqs even at a low driving voltage. Also because 

this nematic l.iquid crystal composition has high resistivity 

10 and voltage hdlding 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 

characteristiqs with less leak current without occurrence of 

15 flicker. 

This nemqtic liquid crystal composition was used to make 

TN-LCD having :cell thickness d of 1.6 µm and display 

characteristic~ thereof were measured. A liquid crystal 

display devici- having a threshold voltage of 1.48 V and a 

20 response speed of 1.6 msec. was obtained. 

(Example 38) 

- -. 

A nematiq· liquid crystal composition ( 3-38) was prepared 

from 

iJ, 
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(3-3801) 14 wt% 

(3-3802) 14 wt% 

(3-3803) 10 wt% 

(3-3804) 11 wt% 

--
(3-3805) 10 wt% 

F 

(3-3806) 
F 11 wt% 

(3-3807) 15 wt% 

(3-3808) 15 wt% 

and various properties of this composition were measured. The 

results are a$ follows. 

Physical properties of the liquid crystal composition 

5 TN-I 115 .:·O °C 

T_N -70~ aC 

!:::. f. 6.o· 

f:::.n 0 .142 

Display chara$teristics of the TN-LCD having a twist angle of 

10 90 degrees (c~ll thickness 6 µm) : 

Vth 2.10 V 

y 1.14 

Display_£haracteristics of the TN-LCD having a twist angle of 
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90 degrees (c~ll thickness 8 µm): 

Vth 2.30 v 

y 1. 033 

!:::. (Vth) /!:::. (T) 2.0 mV/°C (T=5 to 40°C) 

5 This nematic liquid crystal composition is capable of 

operating over a wide range of temperatures because TN-r is 

high and T-N 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 

10 understood that high thermal stability is ensured. The active 

matrix liquidocrystal 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 

15 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 hi~h-frequency multiplexing drive. The STN liquid 

20 crystal display device exhibited small concentration 

dependency of the driving voltage, fast response 

character.lstics, and display characteristics which are 

superior in h~gh-frequency time division characteristic due to 

sharpness. 

25 (Example 39) 

The following nematic liquid compositions are prepared. 

In the same 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 

5 compositions (3-01-01) to (3-01-20) were prepared. 

The display characteristics of these nematic liquid 

crystal compositions (3-01-01) to (3-01-20) showed good 

results, similar to the nematic liquid crystal composition (3-

01) . 



1 B MAR 7001 
367 

(2-01-01) 

CsH1~ C3H 
F3 

(2-01-02) . 

C3H~ C3H 
F3 (2-01-03) 

C3H (2-01-13) 

C3H~ - _ CF3 

(2-01-14) 
C3H1 C3H~ _ CF3 

- (2-01-05) . (2-01-15) - C3H~1 C3H 
CF3 

(2-01-06) 

C3H~1 C3H 
CF3 (2-01-07) 

(2-01-17) 

C3H~CF2H 
(2-01-18) 

C3H C,H~CF2H 
(2-01-09) (2-01-19) 

C3H~ C3H 
CF2H _ F3 

(2-01-10) 

C3H~ C3H . _ F3 
CF2H 

(Example 40) 

The roll'*'1ing nematic liquid compositions are prepared. 

5 In the same manner as in the case of the nematic liquid 

crystal composJtion (3-02), except that the respective 

compounds (2-Q2-01) to (2-02-20) described below were used in 

place of the compound (3-0207) in the nematic liquid crystal 

composi ti_on ( 3-02) of this Example, nematic liquid crystal 
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compositions '3-02-01) to (3-02-20) were prepared. 

The display characteristics of these nematic liquid 

crystal compos~tions (3-02-01) to (3-02-20) showed good 

C3H 

(2-02-07) 

C3H 

C3H 

(2-02-09) 

C3H, 

C3H 
F3 

(Example 41) 

(2-02-15) 

C3H 

C3H 

(2-02-17) 

C3H 

C3H 

(2-02-19) 

C3H 

C3H 

CF3 

CF2H 

CF2H 

CF2H 

CF2H 

The foll~wing nematic liquid compositions are prepared. 
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In the same manner as in the case of the nematic liquid 

crystal composition (3-36), except that the respective 

compounds (2-36-91) to (2-36-110) described below were used in 

place of the oompound (3-3605) in the nematic liquid crystal 

5 composition (]-36) of this Example, nematic liquid crystal 

compositions t3-36-91) to (3-36-110) were prepared. 

The display characteristics of these nematic liquid 

- crystal compo$itions (3-36-91) to (3-36-110) showed good -
results, similar to the nematic liquid crystal composition (3-

10 02} . 
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(2-36-91) : 

C,H~N 
(2-36-101) 

N 

(2-36-92) -

CsH1~N 
(2-36-93) 

(2-36-102) 

N 

(2-36-1~3) ~ 
N \___,, \_/ ~N 

N 

(2-36-104) 
~ 

(2-36-95) (2-36-105) 

rO--CO-cN 
(2-36-96) 

(2-36-97) 
~N 

N 

(2-36-98) 

N 

(2-36-99) 

~N 
(2-36-100) 

N 

(Example 42) 

N 

N 

N 

l\ 

N 

N 

The rrematiic liquid crystal compositions of the present 

5 invention (3-:ll2), (3-14), (3-19) to (3-21), (3-27), (3-28), 

(3-34), (3-37)', (1-09), (1-10), (1-18) and (1-23) can be used 

in light scat4ering type liquid crystal display. Application 

Example? will be described in detail below. It should be 

understood, ho~ever, that the present invention is not limited 

!11 
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to these Examples. 

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, 

5 13.86% of HX-220 (manufactured by Nippon Kayaku Co., Ltd.) as 

a polymer-forming compound, 5 .-94% of lauryl acrylate, and 0. 2% 

of 2-hydroxy-l-methyl-1-phenylpropan-1-one as a polymerization 

initiator. An empty cell measuring 50x50mm, that was formed 

by two ITO electrode glass substrates with spacers having mean 

10 particle size.of 10 µm interposed therebetween, was filled 

with this lignt modulation layer forming material in vacuum at 

a temperature-10°C higher than transition temperature of the 

uniform solutton. This assembly was, with the temperature 

being kept 3°C. higher than transition temperature of the 

15 uniform solution, passed under a metal halide lamp (80 W/m2
} 

at a speed of 3.5 m/min, while irradiating with ultraviolet 

rays having energy density of 500 mJ/cm2 to cure the polymer 

forming compound, thereby to make a liquid crystal device 

having a light modulation layer consisting of the liquid 

20 crystal material and a transparent solid substance. Cut 

surface of the cured material, that was formed between the 

substrates-of ihe liquid crystal device thus obtained, was 

observed with f scanning electron microscope, and the 

transparent solid substance formed in three-dimensional 

25 network struct~re from a polymer was recognized. 

The light scattering type liquid crystal display thus 

obtained ?perates in a wider temperature range than the light 
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scattering type liquid crystal display of the prior art, shows 

response char~cteristic that is favorable for the display of 

moving pictur~s, and has high contrast and uniform display 

characteristias, indicating the usefulness for outdoor 

5 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-

10 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 

15 are useful also for liquid crystal display of DCB or ECB mode, 

and the nematic liquid crystal compositions (3-12), (3-14), 

(3-21), (3-34), (3-37), (1-09) and (1-18) can be used also for 

active DCB. 

20 

(Example 43) 

The nematic liquid crystal compositions of the present 

invention, pa.I'.ticularly (3-12), (3-14), (3-21), (3-34) and (3-

37) furthe-r have the following features. Measurement of 

chromatic dispersion of birefringent index of these nematic 

liquid crystal compositions showed greater dispersion between 

25 wavelength 65Qnm and 400nm, with values of 1.15 and greater in 

some compositions. Such a liquid crystal material shows 

greater p~ase ~ifference due to the difference in the 
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wavelength o~'.light, and is therefore useful for the new 

reflective type color liquid crystal display device that is 

based on the piref ringence of the liquid crystal and the 

retardation plate and provides color display without using 

5 color filters-, 

10 

(Example 44) 

The nematic liquid crystal compositions of the present 

invention, particularly ( 3-0 6) to ( 3-09) , ( 3-19) and ( 3-23) to 

(3-25) furthe~ have the following features. 

Assume the relaxation frequency given as wd=2x10 12 x s-i. 4031 

defined in terms of the liquid crystal constitution factor 

S=(~x<a>3 )- 1 (n represents the viscosity (in cp) of the liquid 

crystal composition and <a> represents the mean molecular 

length (in A)), and assume that effective frequency F which 

15 acts on the liquid crystal display is determined by the frame 

frequency of the driving voltage applied to the liquid crystal 

composition or by the duty number. Then relation of 

inequality l.©xl0 2~wd/F~5.0xl0- 1 holds in the range of the 

operating temperatures. Thus it can be seen that the driving 

20 voltage does ~ot vary in the range of frequencies that 

correspond to i.various time di vision schemes, or the driving 

voltage can b~ suppressed from increasing sharply in a low 

temperature r~gion when the frequency of time division (duty 
~ 

number) incre~~es. Such a characteristic is supposedly due to 

25 the molecular~structure of decahydronaphthalene-2,6-diyl 

group .. As a result, use of the liquid crystal composition of 

the prese_nt invention makes it possible to make a liquid 

iri 
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crystal displ~y dev~ce having improved display 

characteristics. Better drive characteristic and better 

display chara~teristics were obtained with TN-LCD type and 

STN-LCD type liquid crystal display devices that process 

5 particularly large amount of information. 

(Example 45) 

A nematic liquid crystal composition (3-39) was prepared 

from --
(3-3901) 

25 wt% 

(3-3902) 
10 wt% 

C3H1 
F 

(3-3903) F 
15 wt% 

(3-3904) 

FF 

rO-O-O-F 
. F 

7.5 wt% 

C5H11-D-O-VF 

,r-O-OcsH11 DD F 

(3-3905) 7.5 wt% 

(3-3906) 15 wt% 

(3-3907) 10 wt% 

(3-3908) 10 wt% 

10 and various p~~perties of this composition were measured. The 

results are as follows. :, 

Physical propexties of the liquid crystal composition 

TN-I 78. 4!°C 

T_N -70. oc 

15 !::.£: 7.7 

6.n 0.095 -· 

i], 



375 
1 8 MAR 2003 

Display chara~teristics of the TN-LCD having a twist angle of 

90 degrees (c~ll thickness 6 µm): 

Vth 1.24 V 

5 y 1. 27 

1r=1d 54.2 msec 

In the nematic liquid crystal composition of this 

Example, applied voltage V1 when the light transmittance is 1% --
has a small v~lue of 2.47V, and the composition is most 

10 suitable for an active matrix liquid crystal display device of 

low driving v~ltage. 

(Example 4 6) 

A nemati¢ liquid crystal composition (3-40) was prepared 

from 

(3-4001) 20 wt% 

(3-4002) 
20 wt% 

(3-4003) 
12 wt% 

(3-4004) 
10 wt% 

(3-4005) 
19 wt% 

(3-4006) 
19 wt% 

15 

and various p~bperties of this composition were measured. The 

results·are a~ follows. 

Physical prop~rties of liquid crystal composition 

PhysicaTf)rop~rties of the llqu-id crystal composition 
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TN-I 85.lpC 

T_N -27 .: oc 

[:,. E 4.4 

b.n 0. 065 

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

90 degrees (cell thickness 6 µm): 

Vth 1. 65 V 

- y 1. 2 8:4 -
56. 8 msec 

10 IPS mode dispiay characteristics (cell thickness 4 µm) 

2. 96 v 

y 1. SQ 

1r=1d 50 msec 

This nematic liquid crystal composition is capable of 

15 operating over- a wide range of temperatures because TN-I is 

high and T-N is low, and has an advantage of fast response in 

the IPS mode. 

(Example 47) 

A nematiq liquid crystal composition (3-41) was prepared 

20 from 
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~ (3-4101) C3H1 F 

(3-4102) -00-0-F F 
C3H1 

F 

- F F 
(3-4103) 

C2H5-ov-o-F 

18 wt% 

12 wt% 

5 wt% 

. F F 

(3-4104) C3H7-0-0-0-F 5 wt% 

_ F F 
(3-4105) C4~9-0-0-0F 

: F F 
(3-4106) C5H11-0-0-0F 

5 wt% 

5 wt% 

r9=>--o F (3-4107) 
- C3H7 

10 wt% 

(3-4108) C2H5 10 wt% 

(3-4109) C3H1 10 wt% 

- F 
(3-4110) C2H5 -0--0--0- F 10 wt% 

- F 
(3-4111) C4H9-0-0-0-F 10 wt% 

and various pnpperties of this composition were measured. The 

results are as follows. 

Physical prop~rties of liquid crystal composition 

5 Physical prop~~ties of liquid crystal composition 

Physical propel:rties of the liquid crystal composition 

TN-I 95.~°C 

T_N --70 .; oc 

6c. 6.8 

10 6n 0. Off2 

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

90 degr~es (c~ll thickness 6 µm): 

Vth 1.39 V 



5 

y 

tr=td 

1.28Q 

;, 66. 9 msec 
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IPS mode displ~y characteristics (cell thickness 4 µm) 

V10 2.32; V 

y 

tr=td 

1. 78: 

: 55 msec 

1 8 MA~ ·~D03 

This nema~ic liquid crystal composition is capable of 

operating over a wide range of temperatures because TN-I is 

high and T-N is low, and has such an advantage as fast response 

10 in the IPS mod~. 

(Example 48) 

A nematic liquid crystal composition (3-42) was prepared 

from 



--

(3-4201) 

(3-4202) 

(3-4203) 

(3-4204) 

(3-4205) 

(3-4206) 

(3-4207) 

(3-4208) 

(3-4209) 

(3-4210) 

(3-4211) 

C3H 7~ r={ 
;·~F 

F 
. F F 

C3H1 
F 

DD F F 

C2H5-0-0-V- F 

DD 
0 D F 

C4H9-0-0-b-F 
0 D D D F 

C2H5 --0--0-0- F 

D F 
0 D F 

C3H7 -D-0--0- F 

J;> D F 
0 D F C4H9-o-o-o-F 
f;l D F 

DD F 

C5H11 --0--0-0-F 

~ D F 

r<:G--o-c,H, 

37 9 

F 

C2H5 -0 C2H4 -0-0---0- F 

F 

C3H7 -b- C2H4 -0-0---0- F 

1 B MAR 7003 

20 wt% 

10 wt% 

10 wt% 

10 wt% 

5 wt% 

5 wt% 

5 wt% 

5 wt% 

10 wt% 

10 wt% 

10 wt% 

and various p~operties of this composition were measured. The 

results are a~ follows. It was confirmed that the effects ., 

described abo~~ can be achieved also in this Example. 

5 Physical prop.rties of liquid crystal composition 

Physical prop~rties of the liquid crystal composition 



lm 

-70. °C 

6.9 

o.oa:O 
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Display charaqteristics of the TN-LCD having a twist angle of 

5 90 degrees (call thickness 6 µm): 

Vth 1. 38' v 

y 1. 29. 

1r=1d 67.0 msec 

IPS mode dispiay characteristics (cell thickness 4 µm) 

10 2. 3 ~v 

y 1. 71 

1r=1d 49.9 msec 

INDUSTRIAL APWLICABILITY 

15 The nematic liquid crystal compositions of the present 

invention inciude, as an essential component, the liquid 

crystal compo~ent A that consists of the compounds represented 

by the general formulas (I-1) to (I-5) and, when mixed in the 

liquid crystat composition, such effects as the extended range 

20 of operating temperatures of the liquid crystal display due to 

the improvemegts in the co-solubility and in the storage at 

-
low-temperatutes, reduction in the driving voltage, 

improvement i~ the temperature dependence of the driving 

voltage and t'ereby achieving relatively fast response 

25 characteristic for a predetermined driving voltage. The 

design and temperature dependence of the birefringent index, 

dielectric constant anisotropy and elastic constant, light 

' " -, 
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wavelength dep~ndence of the birefringent index and frequency 

dependence of the dielectric constant anisotropy can also be 

improved. As a result, the nematic liquid crystal 

compositions of the present invention can be used in a liquid 

5 crystal display device of active matrix type, twisted nematic 

or super twis0~d nematic type.- Also the present invention can 

provide a liquid crystal display element that provides color 

display by utilizing birefringence of the liquid crystal layer 

and retardatidn plate. Moreover, such an apparatus can be 

10 provided that ~s useful for light scattering type liquid 

crystal display having a light modulation layer which includes 

the liquid crY:stal material and the transparent solid 

substance. 
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CLAIMS 

1. A nematic lipuid crystal composition comprising a liquid 

crystal componept A composed of one, or two or more kinds of 
-

5 compounds repreP,ented by one, two, or three or more general 
~I 

~J-

formulas selectid from the general formulas (I-1) to (I-5): 
' !; 
;L 

'~, 
k x3 xz 

(wherein one, o~ two or more CH groups, which are present in a 

" 
naphthalene-2,6idiyl ring, may be substituted with a N group, 

i· 
f 

10 one, or tw~ or more -CH2 - groups, which are present in a 
iU. 

decahydronaphthllene-2,6-diyl ring, may be substituted with -
' 
i~ 

CF2-, one, or two or more -CH 2 - CH2 - groups, which are present 
,_ 

in said ring, m~y be substituted with -CH20-, -CH=CH-, 
'-
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-CH=CF-, -CF=CF~, -CH=N- or -CF=N-, one, or two or more >CH-
;~ ., 

c 

CH2-groups, whi~h are present in said ring, may be substituted 
~ 

with >CH-0-, >C~CH-, >C=CF-, >C=N- or >N-CH2-, a >CH-CH< 

group, which is~present in the ring, may be substituted with 

5 >CH-CF<, >CF-CF~ or >C=C<, and at least one C in said non-
-: 

substituted or ~ubstituted ring may be substituted with Si; 
!;-

R1 each in~ependently represents an alkyl group having 1 

to 10 carbon atQms or an alkenyl group having 2 to 10 carbon 

atoms, said alk~l or alkenyl group can have one, or two or 

10 more F, Cl, CN,~CH3 or CF3 as a non-substituent or substituent 

~I 

group, and one,;; or two or more CH2 group, which are present in 

said alkyl or a[kenyl group, may be substituted with O, CO or 

coo, while o atwms do not bond with each other directly; 

Q1 each in~ependently represents F, Cl, CF3, OCF3 , OCF2H, 

15 OCFH2, NCS, or ~N; 

20 

' :, 
X1 to X3 each independently represents H, F, Cl, CF3, 

OCF3, or CN; 

W1 to W6 each independently represents H, F, Cl, CF3, .. 
OCF3 , or CN, and also W4 each independently represents CH3; 

!' 
~I 

K1 to K5 ect'ch independently represents, a single bond, 
' ~ ., 

-coo-, -oco-, -~H20-, -OCH2-, -CH=CH-, -CF=CF-, -c=c-, 

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

=CH=N-N=CH-, or~-N(O)=N-; 
tj 
;; 

rings A1 t~ A4 each independently represents 1,4-

25 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-2,5-diyl, trans-1,4-cyclohexylene, 
~I 
;--. 

1 R fil~·~ ?raJ 

trans-1,4-cyclo~exenylene, trans-l,3-dioxane-2,5-diyl, trans­
!· 
~ 

l-sila-1,4-cycl~hexylene, trans-4-sila-1,4-cyclohexylene, 

naphthalene-2,6fdiyl, 1,2,3,4-tetrahydronaphthalene-2,6-diyl, 

5 or decahydronap&thalene-2,6-diyl, and naphthalene-2,6-diyl and 
;,I 

1,2,3,4-tetrahy~ronaphthalene-2,6-diyl can have one, or two or 
~ 

more F, Cl, CF3 ffor CH 3 as a non-substituent or substituent 

group; 

one, or tw~ or more hydrogen atoms, which are present in 
~ 

10 a naphthalene-2~6-diyl ring, a 1,2,3,4-tetrahydronaphthalene­
~ l 
~: 

2,6-diyl ring, ~ decahydronaphthalene-2,6-diyl ring, a side 

chain group R1
, ~a polar group Q1

, linking groups K1 to Ks and 

rings A1 to A4
, ~ay be substituted with a deuterium atom; 

~ 

k1 to kB e~~h independently represents 0 or 1, k3 + k4 is 
~ 

~I 

15 0 or 1, and ks f k 6 + k7 + kB is 0, 1 or 2; and 
~: 

°' 
atoms, whi~h constitute the compounds of the general 

formulas (I-1) to (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 
~ 

20 of +2 or more ai a liquid crystal component excluding the 

compounds of th~ general formulas (I-1) to (I-5); and 0 to 85% 
~ 

i' 

by weight of a ~iquid crystal component C composed of a 
h 
~ 

compound having~a dielectric constant anisotropy within a 
~ 
i-! 

range from -10 Jo +2; the sum total of said liquid crystal 
f 

25 component B andrsaid liquid crystal component C being within a 
~I 

range from 0 to~ 99.9% by weight. 

~-
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2. A nematic li~uid crystal composition comprising a liquid 
~' 
~ 

1 8 MAR 700J 

crystal compone~t A composed of one, or two or more kinds of 

compounds reprepented by two or more general formulas selected 

"'.:1 

from the genera~ formulas ( I-1) to ( I-5) : 

R 

(I- 5) : 

Rt-Q)-KJ?-~ · l \0 f Lkil1 \.'21 · 
:'­. 
:>'I 

'~, 
k x3 x2 

(wherein one, oi two or more CH groups, which are present in a 
~'-
~r 

naphthalene-2,6~diyl ring, may be substituted with a N group, 
!· 
~ 

one, or tw~ or more -CH 2 - groups, which are present in a 
f.-.. 

decahydronaphthilene-2,6-diyl ring, may be substituted with -
~I 

CF2-, one, or tio or more -CH 2 - CH2 - groups, which are present 

~ in said ring, ~y be substituted with -CH 20-, -CH=CH-, 

-CH=CF-, -CF=CFr, -CH=N- or -CF=N-, one, or two or more >CH-

CH 2-groups, whi~h are present in said ring, may be substituted 



5 
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~ ! 

with >CH-0-, >C~CH-, >C=CF-, >C=N- or >N-CH2-, a >CH-CH< 
;! 

group, which is~present in the ring, may be substituted with 
~ 
-I 

>CH-CF<, >CF-CF( or >C=C<, and at least one C in said non-

substituted or ~ubstituted ring may be substituted with Si; 
-, 

R1 each in1~pendently represents an alkyl group having 1 
L 

to 10 carbon at&ms or an alkenyl group having 2 to 10 carbon 
t' 

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 CH2 group, which are present in 

10 said alkyl or a~kenyl group, may be substituted with 0, CO or 
~l 
=-r 

15 

=-· 

COO, while O at~ms do not bond with each other directly; 
;.~ 

Q1 each in~ependently represents F, Cl, CF3 , OCF3 , OCF2H, 

OCFH2, NCS, or ~N; 

X1 to X3 eeiCh independently represents H, FI c 1, CF3, 
~. 

OCF3 , or CN; 
=1 

W1 to W6 ec:i~h independently represents HI F' Cl' CF3, 

OCF3 , or CN, an~ also W4 each independently represents CH 3 ; 
:: 

K1 to K5 e~h independently represents, a single bond, 
~! 

h -coo-, -oco-, -reH20-, -OCH2-, -CH=CH-, -CF=CF-, -c=c-, 
~ 
~: 

20 -(CH2)r, -(CH2Jk-, -CH=CH-(CH2)2-, -(CH2)rCH=CH-, -CH=N-, 
5-. 
!"o 

=CH=N-N=CH-, or~-N(O)=N-; 
!, 
~I 

rings A1 t~ A4 each independently represents 1,4-
h 

phenylene, 

phenylene, 

2- o~ 3-fluoro-1,4-phenylene, 2,3-difluoro-1,4-
E 

3,5-~ifluoro-1,4-phenylene, 2- or 3-chloro-1,4-
~ 

25 phenylene, 2,3-~ichloro-1,4-phenylene, 3,5-dichloro-1,4-
~ 

phenylene, pyri~idine-2,5-diyl, trans-1,4-cyclohexylene, 
~ 
L• 
' 

trans-1,4-cyclo~exenylene, trans-1,3-dioxane-2,5-diyl, trans-

l! 
IT 
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1-sila-1,4-cycl~hexylene, trans-4-sila-1,4-cyclohexylene, 

F1 

naphthalene-2,6~diyl, 1,2,3,4-tetrahydronaphthalene-2,6-diyl, 
~I 

or decahydronap~thalene-2,6-diyl, and naphthalene-2,6-diyl ar.d 

1,2,3,4-tetrahy~ronaphthalene-2,6-diyl can have one, or two or 

more F, Cl, CF3 ~or CH 3 as a non-substituent or substituent 
~I 
~! 

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, J decahydronaphthalene-2,6-diyl ring, a side 

10 chain group R1
, !ia polar group Q1

, linking groups K1 to K5 and 
~: 

rings A1 to A4
, !fay be substituted with a deuterium atom; 

k1 to kB eq~h independently represents 0 or 1, k3 + k4 is 
' 

0 or 1, and k5 + k6 + k 7 + kB is 0, 1 or 2; and 

atoms, whi~h constitute the compounds of the general ., 

15 formulas (I-1) to (I-5), may be substituted with isotope atoms 

thereof); 0 to ~9.9% by weight of a liquid crystal component B 

20 

25 

composed of a c~mpound having a dielectric constant anisotropy 
t· 

of +2 or more a~ a liquid crystal component excluding the 

compounds of 

by weight of 

.;, 

th~ general formulas ( I-1) 
F! 

a 
~f 

il.iquid 
~ 
~. 

~I 

crystal component 

to ( I-5) ; and 0 to 

c composed of a 

compound having~a dielectric constant anisotropy within a 
_, 

range from -10 ~o +2; the sum total of said liquid crystal 
t' 

85% 

component B andltsaid liquid crystal component C being within a 
rt 

range from 0 to~99.9% by weight. r: 

'."I 

3. A nematic li~uid crystal composition comprising a liquid 
F 

crystal compone~t A composed of one, or two or more kinds of 
~ 
'.I 

1r 
~: 

,_ 
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compounds repre~ented by a single general formula selected 
' ~ i 

from the genera~ formulas (I-1) to (I-5): 

(I-1) 

RL@-K1 

(1-2) 

R~ 

~-

1 8 MAR 2003 

(where in one, Oj two or more CH groups, which are present in a 
--
~i 

5 naphthalene-2,6~diyl ring, may be substituted with a N group, 

one, or tw~ or more -CH2- groups, which are present in a 
:r _, 

decahydronapht~lene-2,6-diyl ring, may be substituted with -

CF2-, one, or t~o or more -CH 2 - CH 2- groups, which are present 
~ 

in said ring, ni,y be substituted with -CH 20-, -CH=CH-, 
h 

10 -CH=CF-, -CF=C~, -CH=N- or -CF=N-, one, or two or more >CH­
~ 
" ~ 

CH 2-groups, which are present in said ring, may be substituted 

with >CH-0-, >C~CH-, >C=CF-, >C=N- or >N-CH 2-, a >CH-CH< 
_, 

group, which isl~present in the ring, may be substituted with .,, 

ii 
=· 
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>CH-CF<, >CF-CF~ or >C=C<, and at least one C in said non­

-1 
substituted or ~ubstituted ring may be substituted with Si; 

R1 each in~ependently represents an alkyl group having 1 
"' ;:. 

to 10 carbon atpms or an alkenyl group having 2 to 10 carbon 

5 atoms, said alk~l or alkenyl group can have one, or two or 

more F, Cl, CN,~:CH 3 or CF3 as a non-substituent or substituent 

' group, and one, or two or more CH2 group, which are present in 

said alkyl or alkenyl group, may be substituted with O, co or 
"'-

coo, while 0 at~ms do not bond with each other directly; 

10 Q1 each in~ependently represents F, Cl, CF3, OCF3, OCF2H, 

OCFH2, NCS, or ~N; 

In generalrformulas (I-2) to (I-3), X1 to X3 each 

independently r'presents H, F, Cl, CF3, OCF3, or CN; 
•' 

In general~formula (I-4), X1 represents F, Cl, CF3, OCF3, 
~-

15 or CN, and X2 t¢. X3 each independently represents H, F, Cl, 

W1 represe~ts F, Cl, CF3, OCF3, or CN; 

W2 to W6 e~{:h independently represents HI FI Cl' CF3 I 

OCF3, or CN, and also W4 each independently represents CH 3; 

20 K1 to K5 ea~h independently represents, a single bond, 

-coo-, -oco-, -~H20-, -OCH2-, -CH=CH-, -CF=CF-, -c=c-, 

-(CH2)r, -(CH2)l~, -CH=CH-(CH2)2-, -(CH2)2-CH=CH-, -CH=N-, 
" ~ 

=CH=N-N=CH-, or~-N(O)=N-; 

rings A1 t! A4 each independently represents 1,4-

25 phenylene, 2- or 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-Qichloro-1,4-phenylene, 3,5-dichloro-1,4-
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phenylene, pyriJ!nidine-2,5-diyl, trans-1,4-cyclohexylene, 

trans-1,4-cyclo~exenylene, trans-1,3-dioxane-2,5-diyl, trans­
~' 

1-sila-1,4-cycl~hexylene, trans-4-sila-1,4-cyclohexyle~e, 

naphthalene-2,&~diyl, 1,2,3,4-tetrahydronaphthalene-2,6-diyl, 

" 5 or decahydronapbthalene-2,6-diyl, and naphthalene-2,6-diyl and 

1,2,3,4-tetrah~ronaphthalene-2,6-diyl can have one, or two or 

more F, Cl, CF3 :-or CH 3 as a non-subs ti tuent or subs ti tuent 

group; 

one, or tw¢ or more hydrogen atoms, which are present in 

10 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 R1
, :a polar group Q1

, linking groups K1 to K5 and 

rings A1 to A4
, rrnay be substituted with a deuterium atom; 

:1 

k1 to kB e~~h independently represents 0 or 1, k3 + k4 is 

15 0 or 1, and k5 +. k6 + k7 + kB is 0, 1 or 2; and 

atoms, whi¢h constitute the compounds of the general 

formulas (I-1) to (I-5), may be substituted with isotope atoms 

thereof); 0 to S9.9% by weight of a liquid crystal component B 

composed of a c~mpound having a dielectric constant anisotropy 

20 of +2 or more afil a liquid crystal component excluding the 

compounds of thb general formulas ( I-1) to ( I-5) ; and 0 to 85% 
;, 

by weight of a jliquid 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 
~' 

~. 

25 component 8 and;' said liquid crystal component C being within a 

range from 0 to'.. 99. 9% by weight. 
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4. A nematic li~uid crystal composition according to any one 
' 
' of claims 1 to ~' wherein said liquid crystal component A 

satisfies at le~st one of the following conditions: 

(i) said l~quid crystal component A contains one, or two 

5 or more kinds or compounds selected from compounds represented 

10 

by the general tormula (I-1) and one, or two or more kinds of 

compounds selected from compounds represented by the general 

formula (I-2), the content of said selected compounds in said 

liquid crystal ~omponent A being within a range from 5 to 100% 

by weight; ~I 

(ii) said liquid crystal component A contains one, or two 

or more kinds of compounds selected from compounds represented 

by the general ~ormula (I-1) and one, or two or more kinds of 

compounds selec~ed from compounds represented by the general 

15 formula (I-3), ~he content of said selected compounds in said 

liquid crystal component A being within a range from 5 to 100% 

by weight; 

(iii) said~liquid crystal component A contains one, or 

two or more kinqs of compounds selected from compounds 
~. 

20 represented by ~he general formula (I-1) and one, or two or 
~ 

25 

more kinds of cbmpounds selected from compounds represented by 
iL 
~ 

the general for,ula (I-4), the content of said selected 

compounds in said liquid crystal component A being within a 
~; 

range from 5 tofl00% by weight; 

(iv) said liquid crystal component A contains one, or two 

or more kinds of compounds selected from compounds represented 

by the general ~ormula (I-1) and one, or two or more kinds of 



5 
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-· 
compounds selec~ed from compounds represented by the general 

formula (I-5), ~he content of said selected compounds in said 

liquid crystal fOmponent A being within a range from 5 to 100% 

by weight; 

(v) said l~quid crystal component A contains one, or two 

or more kinds ot compounds selected from compounds represented 

by the general formula (I-2) and one, or two or more kinds of 

compounds selec~ed from compounds represented by the general 

formula (I-3), ~he content of said selected compounds in said 

10 liquid crystal ~omponent A being within a range from 5 to 100% 
~: 

by weight; 

(vi) said liquid 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 
~ '. 

15 compounds selec~ed 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; 

(vii) said~liquid crystal component A contains one, or 

20 two or more kinps of compounds selected from compounds 

represented by the general formula (I-2) and one, or two or 

"' 
more kinds of c~mpounds selected from compounds represented by 

i"i 

the general for~ula (I-5), the content of said selected 
~ 
=· 

compounds in sa!d liquid crystal component A being within a 

25 range from 5 tol 100% by weight; 

(viii) sai~ liquid crystal component A contains one, or 
.-r 

two or more kin~s of compounds selected from compounds 
.. 
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~ 
represented by ~he general formula (I-3) and one, or two or 

0, 

more kinds of cimpounds selected from compounds represented by 
:' 
[·_ 

the general for~ula (I-4), the content of said selected 

compounds in sa;d liquid crystal component A being within a 

5 range from 5 tOi!l00% by weight; 
;. 
;1 
~' 

(ix) said iiquid crystal component A contains one, or two 
!. 

or more kinds of compounds selected from compounds represented 

by the general ~ormula (I-3) and one, or two or more kinds of 

compounds selected from compounds represented by the general 

10 formula (I-5), the content of said selected compounds in said 

liquid crystal ~omponent A being within a range from 5 to 100% 

by weight; 

(x) said l~quid crystal component A contains one, or two 
i:_ 

or more kinds of compounds selected from compounds represented 
:__! .. 
' 15 by the general ~ormula (I-4) and one, or two or more kinds of 

compounds selec~ed from compounds represented by the general 

formula (I-5), lhe content of said selected compounds in said 

liquid crystal ~omponent A being within a range from 5 to 100% 

by weight; 

20 (xi) said ~iquid crystal component A contains one, or two 

or more kinds of compounds selected from compounds represented 

by the general (ormula (I-1), one, or two or more kinds of 
i~ 

compounds selec~ed from compounds represented by the general 
i! 

ii 
formula (I-2) a~d one, or two or more kinds of compounds 

25 selected from c~mpounds represented by the general formula (I-

3), the content~of said selected compounds in said liquid 
~; 

crystal componei}it A being within a range from 5 to 100% by 
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weight; 

(xii) said~liquid crystal component A contains one, or 

two or more kin¢s of compounds selected from compounds 

represented by the general formula (I-1), one, or two or more 

5 kinds of compouk,ds 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-4), the content of said selected compounds in said 

liquid crystal ~omponent A being within a range from 5 to 100% 

10 by weight; 

(xiii) sai~ liquid crystal component A contains one, or 

two or more kin~s of compounds selected from compounds 

represented by the general formula (I-1), one, or two or more 

kinds of compou~ds selected from compounds represented by the 

15 general formula> ( I-2) and one, or two or more kinds of 

20 

compounds selected from compounds represented by the general 

I 

formula (I-5), Fhe content of said selected compounds in said 

liquid crystal eomponent A being within a range from 5 to 100% -, 

by weight; 

(xiv) said!, liquid crystal component A contains one, or 

two or more kin~s of compounds selected from compounds 
C-

'" "' 
represented by ~he general formula (I-1), one, or two or more 

r 
kinds of compou~ds selected from compounds represented by the 

general formulal: ( I-3) and one, or two or more kinds of 

25 compounds selected from compounds represented by the general 

formula (I-4), the content of said selected compounds in said 
'• 

liquid crystal pomponent A being within a range from 5 to 100% 
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by weight; 

(xv) said liquid 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 

5 compounds selected from compounds represented by the general 

formula (I-3) amd 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 compone~t A being within a range from 5 to 100% by 

10 weight; 

(xvi) said~: liquid crystal component A contains one, or 

two or more kin~s of compounds selected from compounds 

represented by the general formula (I-1), one, or two or more 

kinds of compou~ds selected from compounds represented by the 

15 general formula~ ( I-4) and one, or two or more kinds of 

20 

compounds selected from compounds represented by the general 

formula (I-5), the 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 

two or more kin~s of compounds selected from compounds 

represented by ~he general formula (I-2), one, or two or more 
;' 

kinds of compoupds selected from compounds represented by the 

general formula~ ( I-3) and one, or two or more kinds of 

25 compounds selected 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% 
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by weight; 

(xviii) sald liquid crystal component A contains one, or 

two or more kin~s of compounds selected from compounds 

represented by the general formula (I-2), one, or two or more 

5 kinds of compounds selected from compounds represented by the 

general formula~. ( I-3) and one, or two or more kinds of 

compounds selected from compounds represented by the general 

formula (I-5), the content of said selected compounds in said 

liquid crystal eomponent A being within a range from 5 to 100% 

10 by weight; 

(xix) said'. liquid crystal component A contains one, or 

two or more kinds of compounds selected from compounds 

represented by the general formula (I-2), one, or two or more 

kinds of compou~ds selected from compounds represented by the 

15 general formula!! (I-4) and one, or two or more kinds of 

20 

compounds selec~ed from compounds represented by the general 

formula (I-5), the content of said selected compounds in said 

liquid crystal ~omponent A being within a range from 5 to 100% 

by weight; 

(xx) said liquid crystal component A contains one, or two 

or more kinds of compounds selected from compounds represented 

by the general Formula (I-3), one, or two or more kinds of 

compounds selected from compounds represented by the general 

formula (I-4) apd one, or two or more kinds of compounds 

25 selected from compounds represented by the general formula (I-

5), the content'.;of said selected compounds in said liquid 

o, 

crystal component A being within a range from 5 to 100% by 
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weight; 

-::) 

(xxi) saiq· liquid crystal component A contains one, or 

two or more ki~ps of compounds selected from compounds 

represented by ~he general formula (I-1), one, or two or more 

-
5 kinds of compoutids selected from compounds represented by the 

general formula: ( I-2) , one, or two or more kinds of compounds 
0 

selected from ~ompounds represented by the general formula (I-

3) and one, or ~wo or more kinds of compounds selected from 

compounds repr~ented by the general formula (I-4), the 

10 content of saiq'.selected compounds in said liquid crystal 

component A beihg within a range from 5 to 100% by weight; 

(xxii) saia liquid 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 

15 kinds of compoU1lds selected from compounds represented by the 

general formula:: ( I-2), one, or two or more kinds of compounds 

selected from cipmpounds represented by the general formula (I-

3) and one, or ~wo or more kinds of compounds selected from 

compounds repre~ented by the general formula (I-5), the 
;I· . 

20 content of sai~;selected compounds in said liquid crystal 

component A beihg within a range from 5 to 100% by weight; 
~I 

(xxiii) saad liquid crystal component A contains one, or 

two or more kin~s of compounds selected from compounds 

represented by the general formula (I-1), one, or two or more 

25 kinds of compounds selected from compounds represented by the 

general formulai· (I-2), one, or two or more kinds of compounds 

selected from c~mpounds represented by the general formula (I-
_; 
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4) and one, or iwo or more kinds of compounds selected from 

compounds repr~!ented by the general formula (I-5), the 

content of said selected compounds in said liquid crystal 

component A beihg within a range from 5 to 100% by weight; 

(xxiv) saip liquid crystal component A contains one, or 

two or more kinds 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 formula- (I-3), one, or two or more kinds of compounds 

10 selected from c~mpounds represented by the general formula (I-

15 

4) and one, or two or more kinds of compounds selected from 

compounds repre~ented by the general formula (I-5), the 

content of sai~·selected compounds in said liquid crystal 

component A bei~g within a range from 5 to 100% by weight; 

(xxv) sai~!liquid crystal component A contains one, or 

two or more kinds of compounds selected from compounds 

represented by the general formula (I-2), one, or two or more 

kinds of compoubds selected from compounds represented by the 

general formula~'. (I-3), one, or two or more kinds of compounds 

20 selected from cbmpounds represented by the general formula (I-

25 

4) and one, or 'wo or more kinds of compounds selected from 
~-

compounds repre~ented by the general formula (I-5), the 
~! 

;: ~ 

content of saidil selected compounds in said liquid crys<:al 

component A being within a range from 5 to 100% by weight; 

(xxvi) sai9 liquid crystal component A contains one, or 

two or more kin~s of compounds selected from compounds 

represented by the general formula (I-1), one, or two or more 

~· 



., 
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kinds of compou~ds selected from compounds represented by the 

general formul~· (I-2), one, or two or more kinds of compounds 

selected from ci;:impounds represented by the general formula (I-

3), one, or two~or more kinds of compounds selected from 

5 compounds repre$ented by the general formula (I-4) and one, or 

10 

15 

20 

25 

two or more kinds 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 from 10 to 100% by weight; 

(xxvii) sa4d liquid crystal component A contains one, or 

two or more kinds of compounds selected from compounds 

represented by ~he general formula (I-1), the content of said 

selected compounds in said liquid crystal component A being 

within a range from 5 to 100% by weight; 

(xxviii) s~id liquid crystal component A contains one, or 

two or more kinds of compounds selected from compounds 

represented by ~he general formula (I-2), the content of said 

selected compou~ds 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 kin~s of compounds selected from compounds 

represented by the general formula (I-3), the content of said 
~I 

' 
selected compouids in said liquid crystal component A being 

within a range ~rom 5 to 100% by weight; 

(xxx) said~liquid crystal component A contains one, or 

two or more kin~s of compounds selected from compounds 

represented by the general formula (I-4), the content of said 
c' 
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selected compounds in said liquid crystal component A being 

within a range ~rom 5 to 100% by weight; and 

(xxxi) safd liquid crystal component A contains one, or 

two or more kinds of compounds selected from compounds 

' 
5 represented by ~he general formula (I-5), the content of said 

selected compoU:nds in said liquid crystal component A being 

within a range ~rom 5 to 100% by weight. 

5. A nematic liquid crystal composition according to any one 

10 of claims 1 to A, wherein said liquid crystal component A 

contains one td:twenty kinds of compounds selected from one, 

two, or three ox more sub-groups among the following sub-

groups (I-ai) t¢ (I-avii), the content of said compounds being 

within a range lrom 10 to 100% by weight: 

15 (I-ai) compound'.in which R1 is an alkyl or alkenyl group 

having 2 to 7 c~rbon atoms, 

(I-aii) compoun~ in which Q1 is F, Cl, CF3 , OCF3 , OCF2 , or CN, 

(I-aiii) compou~d in which K1 to K5 represent -(CH2 ) 2-, -COO-, 

or -C=C-, 

20 (I-aiv) compound in which rings A1 to A4 represent trans-1,4-

cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-phenylene, or 3,5-

difluoro-1,4-ph,nylene, and 

(I-av) compound~in which one, or two or more hydrogen atoms, 

which are present in naphthalene-2,6-diyl ring, a 1,2,3,4-

25 tetrahydronaphthalene-2,6-diyl ring, a decahydronaphthalene-

2,6-diyl ring, a side chain group R1
, a polar group Q1

, linking 

groups K1 to K5 ~nd rings A1 to A4 , are substituted with 
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deuterium atoms1 in the general formulas (I-1) to {I-5); 

(I-avi) compounQ in which W1 to W3 represent H, F, Cl, CF3 , or 

OCF3 in the general formulas (I-1) to {I-3) and (I-5); and 

(I-avii) compou~d in which X1 and X2 represent H, F, Cl, CF3 , 

5 or OCF3 in the general formulas (I-2) to (I-4). 

6. A nematic liquid crystal composition according to any one 

of claims 1 to 5, wherein said liquid crystal component A 

contains one to-: twenty kinds of compounds selected from one, 

10 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) compound!.in which k1=k2=0, the ring A1 is trans-1,4-

cyclohexylene, l,4-phenylene, 3-fluoro-1,4-phenylene, 3,5-

15 difluoro-1,4-ph~nylene, naphthalene-2,6-diyl, 1,2,3,4-

tetrahydronaphthalene-2,6-diyl, or decahydronaphthalene-2,6-

diyl, K1 is a sfngle bond, -(CH2)2-, -COO-, or -C=C-, and 

(I-bii) compoun¢ in which k1=1, k2=0, rings A1 and A2 represent 

trans-1,4-cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-

20 phenylene, 3,5-Qifluoro-1,4-phenylene, naphthalene-2,6-diyl, 

1,2,3,4-tetrahy,ronaphthalene-2,6-diyl, or 
-, 

decahydronaphth~lene-2,6-diyl, K1 is a single bond, -(CH2) 2-, 

-coo-, or -C=C-~ K1 and K2 represent a single bond, -(CH2) 2-, 

-COO-, or -C=C-~ in the general formula (I-1) in which R1 is 

25 an alkyl or alk~nyl group having 2 to 7 carbon atoms, Q1 is F, 

Cl, CF3 , OCF3 , or CN, and W1 to W3 each represents H, F, Cl, 
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(I-biii) compoUJld in which k3=k 4=0, the ring A1 is trans-1,4-

cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-phenylene, or 3,5-

difluoro-1,4-phenylene, and K1 and K4 represent a single bond, 

-(CH2)2-, -coo-; or -c=c-, in the general formula (I-2) in 

5 which R1 is an alkyl or alkenyl group having 2 to 7 carbon 

atoms, Q1 is F, Cl, CF3 , OCF3, or CN, X1 and X2 represent H, F, 

Cl, CF3 , or OCFj, and W1 to W3 represent H, F, Cl, CF3, or OCF 3 ; 

(I-biv) compoun~ in which k1=k2=0, K3 is a single bond, -COO-, 

or -c=c-, and 

10 (I-bv) compound- in which k1=1, k2 =0, the ring A1 is 1,4-

phenylene, 3-fl~oro-1,4-phenylene, or a 3,5-difluoro-1,4-

phenylene, K1 a6d K3 represent -coo- or -C=C-, in the general 

formula (I-3) in which R1 is an alkyl or alkenyl group having 

' 1 1 d 2 2 to 7 carbon atoms, Q is F, Cl, CF3 , OCF3 , or C, X an X 

15 represent H, F, ·Cl, CF3, or OCF3, and W1 to W3 represent H, F, 

Cl, CF3, or OCFj; 

(I-bvi) compound in which k5=k 6=k7=k 8=0, K5 is a single bond, 

- (CH2h-, - (CH2) .-, -COO-, or -C=C-, _, 

(I-bvii) compouf'ld in which k5=1, k6=k 7=k 8=0, the ring A1 is 
-· 

20 trans-1,4-cyclo~exylene, 1,4-phenylene, 3-fluoro-1,4-

phenylene, or 3~5-difluoro-1,4-phenylene, K1 and K5 represent a 

single bond, -(~H2 ) 2 -, -COO-, or -C=C-, 

( I-bviii) compound in which k7=1, k5=k 6=k8=0, the ring A3 is 

trans-1,4-cyclo~exylene, 1,4-phenylene, 3-fluoro-1,4-

25 phenylene, or 3~5-difluoro-1,4-phenylene, K3 and K5 represent a 

single bond, -(CH2) 2-, -COO-, or -C=C-, and 

(I-bix) compoun~ in which the decahydronaphthalene-2,6-diyl 
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ring has at lea~t one substituent among substituents -CF2-, 

-CH2-0-, -CH=CH~, -CH=CF-, -CF=CF-, -CH=N-, -CF=N-, >CH-0-, 

>C=CH-, >C=CF-,: >C=N-, >N-CH2-, >CH-CF<, >CF-CF<, >C=C<, and 

Si, in the geneJal formula (I-4) in which R1 is an alkyl or 

5 alkenyl group having 2 to 7 carbon atoms, Q1 is F, Cl, CF 3 , 

OCF3 , or CN, and! X1 and X2 represent H, F, Cl, CF3 , OCF3 ; and ,. 

(I-bx) compound~in which k1=k2=0, the ring A1 is trans-1,4-

cyclohexylene, 1,4-phenylene, 3-fluoro-1,4-phenylene, 3,5-

difluoro-1,4-ph~nylene, naphthalene-2,6-diyl, 1,2,3,4-

10 tetrahydronaphtbalene-2,6-diyl, or decahydronaphthalene-2,6-

diyl, K1 is a single bond, - (CH2 )2-, - (CH 2 ) 4-, or -COO-, and 

(I-bxi) compound in which k1=1, k2=0, rings A1 and A2 represent 

trans-1,4-cyclopexylene, 1,4-phenylene, 3-fluoro-1,4-

phenylene, 3,5-~ifluoro-1,4-phenylene, naphthalene-2,6-diyl, 

15 1,2,3,4-tetrahy~ronaphthalene-2,6-diyl, or 

decahydronaphthalene-2,6-diyl, and K1 and K2 each represents a 

single bond, -(tH2 ) 2-, -(CH2 ) 4-, or -COO-, in the general 

formula (I-5) ib which R1 is an alkyl or alkenyl group having 

2 to 7 carbon atoms, Q1 is F, Cl, CF3 , OCF3 , or CN, and W1 and 

20 W2 represent H, ;F, Cl, CF3, or OCF3. 

7. A nematic li~uid crystal composition according to any one 
1 

of claims 1 to ~, wherein said liquid crystal component B 

contains one, or two or more kinds of compounds selected from 

25 the group of compounds represented by the general formulas 

(II-1) to (I-4):: 

., 
- ' 

~ •.. 
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having 1 to 10 ~arbon atoms or an alkenyl group having 2 to 10 

carbon atoms, s~id alkyl or alkenyl group can have one, or two 

5 or more F, Cl, CN, CH 3 or CF3 as a non-substituent or 

10 

substituent groµp, and one, or two or more CH 2 group, which 
~ 

are present in ~aid alkyl or alkenyl group, may be substituted 

with O, CO or cPO, while 0 atoms do not bond with each other 

directly; ~ 

Q1 each in~ependently represents F, Cl, CF3 , OCF3 , OCF2H, 

OCFH 2 , NCS, or ~N; 

W1 to W4 e~jch independently represents H, F, Cl, CF3, 
~ i 

OCF3, or CN, an# also W4 each independently represents CH 3 ; 

Y1 and Y2 Eta.ch independently represents H, F, Cl, CF3, 

15 OCF3 , or CN; 

V represen~s CH or N; 

P1 to P3 e~~h independently represents, a single bond, 

-I 
;.. 



1 B MAR 2003 

405 

- ( CH2) 2-CH=CE-, ::--CH=N-, =CH=N-N=CH-, or -N ( 0) =N-, and P1 and P3 

each independen~ly represents -CH=CH-, -CF=CF-, or c=c-; 

rings B1 t¢ B3 each independently represents trans-1,4-

5 cyclohexylene, trans-1,4-cyclohexenylene, trans-1,3-dioxane-

2,5-diyl, transrl-sila-1,4-cyclohexylene, or trans-4-sila-1,4-

cyclohexylene, and the ring B3 may also be 1,4-phenylene, 2-

or 3-fluoro-1,4~phenylene, 3,5-difluorol,4-phenylene, 2 - or 

3-chloro-1,4-ph~nylene, 2,3-dichloro-1,4-phenylene, or 3,5-

10 dichloro-1,4-phenylene; 

15 

20 

one, or two or more hydrogen atoms, which are present in 

a side chain grpup R1
, a polar group Q1

, linking groups P1 to 

P3 and rings B1 .to B3
, may be substituted with a deuterium 

atom; 

p 1 to p 3 each independently represents 0 or 1, and p 2 + p 3 

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) . ,~ 

8. A nematic li~uid crystal composition according to claim 7, 
" ,-

wherein said li~uid crystal component B contains one to twenty 
;l 

kinds of compou~ds selected from one, two, or three or more 

sub-groups among the following sub-groups (II-ai) to (II-

25 axii), the content of said compounds being within a range from 

10 to 100% by w~ight: 

(II-ai) compounds in which R1 is an alkyl or alkenyl group 
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having 2 to 5 ch,rbon atoms, in the general formulas (II-1) to 

(II-4); 

(II-aii) compounds in which Q1 is F, Cl, or -0CF3 , in the 

general formula~ (II-1) to (II-4); 

5 (II-aiii) cornpo~nds in which P2 is -(CH2 ) 2 - or -(CH2 ) 4-, in the 

general formula~; (I I-1) ; 

(II-aiv) compound in which p 1 is 1, in the general formula 

(II-1); ., 

(II-av) compound in which at least one of Y1
, Y2

, W1 and W2 is 

10 F, in the gener~l formula (II-2); 

(II-avi) compound in which p 1 is 1 and P1is -C=C-, in the 

general formula:· (I I-2) ; 

(II-avii) compoµnd in which P2 is a single bond or -(CH2 ) 2- and 

P1 is -COO-, in~the general formula (II-2); 

15 (II-aviii) compbund in which at least one of Y1
, Y2

, and W1 to 

W4 is F, in the ~.general formula (I I-3) ; 

(II-aix) compoubd in which P3 is -C=C-, in the general formula 

(II-3); 

(II-ax) compoun$ in which P1 is a single bond or -C=C- and P3 

20 is -COO-, in th~ general formula (II-3); 

(II-axi) compoufid represented by the general formula (II-4); 
~: 

!1 

and 

(II-axii) comp~~nd in which at least one of rings 81 to 83 is 
o• 

substituted wit~ a deuterium atom if the rings 81 to 83 

25 represent trans~l,4-cyclohexylene, in the general formulas 

(II-1), (II-2) ~nd (II-4). 
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9. A nematic li;quid crystal composition according to claim 7, 

wherein said li!quid crystal component B contains one to twenty 

kinds of compounds selected from one, two, or three or more 

sub-groups amoi19 the following sub-groups (II-bi) to (II-
o' 

5 bviii), the cotjtent of said compounds being within a range 

from 10 to lOO~;by weight: 

(II-bi) compound in which R1 is an alkyl or alkenyl group 

having 2 to 5 carbon atoms, p 1 is 0, and Q1 is -CN, in the 

general formula'. (II-1); 

10 (II-bii) compoqnd in which R1 is an alkyl or alkenyl group 

having 2 to 5 carbon atoms, p 1 is 1, Q1 is F or -CN, and Yl and 

Y2 represent H ~r F, in the general formula (II-1); 

(II-biii) compound in which R1 is an alkyl or alkenyl group 

having 2 to 5 carbon atoms, p1 is 0, Q1 is -CN, and Y1
, Y2

, W1 

15 and W2 represent H or F, in the general formula (II-2); 

(II-biv) compound in which R1 is an alkyl or alkenyl group 

having 2 to 5 darbon atoms, p1 is 1, P2 is a single bond, 

-(CH2 ) 2-, or -c~o-, P1 is a single bond, -coo-, or -C=C-, Q1 is 

F or -CN, and Y:1, Y2
, W1 and W2 represent H or F, in the general 

20 formula (II-2); 

(II-bv) compourld in which R1 is an alkyl or alkenyl group 

having 2 to 5 d~rbon atoms, and one of P1 and P3 is a single 
~ ~ 

bond and other ~ne is a single bond, -COO-, or -C=C-, in the 

general formul~ (II-3); 

25 (II-bvi)' compound in which R1 is an alkyl or alkenyl group 

having 2 to 5 oarbon atoms, and Y1
, Y2 and W1 to W4 represent H 

or F, in the g~neral formula (II-3); 
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(II-bvii) compo~nd in which R1 is an alkyl or alkenyl group 

having 2 to 7 carbon atoms, and p 2 +p 3=0, in the general formula 

(II-4); and 

(II-bviii) compounds of the general formulas (II-1) to (II-2) 

5 in which at lea~t one hydrogen atom of rings B1 and B2 is 

substituted with a deuterium atom if rings B1 and 8 2 represent 

trans-1,4-cyclohexylene. 

10. A nematic lfquid crystal composition according to claim 7, 

10 wherein said li~uid crystal component B contains one to twenty 

kinds of compounds 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:; 

15 (II-ci) compounp in which R1 is an alkyl or alkenyl group 

having 2 to 5 carbon atoms, p 1 is 1, one of P1 and P2 is a 

single bond an&: other one is a single bond, -COO-, -(CH2 ) 2-, or 

more of Y1 and Y2 represent F, in the general formula (II-2); 

20 (II-cii) compou~d in which R1 is an alkyl or alkenyl group 

having 2 to 5 c~rbon atoms, p 1 is 1, P2 is a single bond, 

-(CH2) 2-, or -CQP-, P1 is a single bond, -coo-, or -c=c-, Q1 is 

F, Cl, CF3 , OCF~:, or OCF2 H, one, or two or more of Y1 and Y2 

represent F, and W1 and W2 represent H or F, in the general 

25 formula (II-2) ;_. 

-• 

(II-ciii) compO:Und in which R1 is an alkyl or alkenyl group 

having 2 to 5 ~rbon atoms, one of P1 and P3 is a single bond 
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and the other ope is a single bond, -COO-, or -C=C-, Q1 is F, 

Cl, CF3, OCF3, or OCF2H, one, or two or more of Y1 and Y2 

represent F, an~ W1 to W4 represent H or at least one of them 

is F, in the ge~eral formula (II-3); and 

5 (II-civ) compoupd of the general formulas (II-1) and (II-2) in 

which at least ~hree hydrogen atoms of rings 8 1 and 8 2 are 

substituted with a deuterium atom if rings 8 1 and 8 2 represent 

trans-1,4-cyclohexylene. 

10 11. A nematic ldquid 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 the general formulas (III-1) to (III-4): 

(III-1) 

(III- 2) 

(III-3) 

(III- 4) 

15 (wherein W1 co W3 each independently represents H, F, Cl, CF3, 
;. 

OCF3, or CN; .. 
-=I 

' ; 

V represen~s CH or N; 



., 
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R2 and R3 ~ch independently represents an alkyl or alkoxy 

group having 1 ~o 10 carbon atoms or an alkenyl or alkenyloxy 

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

or alkenyloxy g~oup can have one, or two or more F, Cl, CN, 

5 CH3 or CF3 as a non-substituent or substituent group, and one, 

or two or more ~H 2 group, which are present in said alkyl, 

alkoxy, alkenyl-or alkenyloxy group, may be substituted with 

O, CO or COO, while 0 atoms do not bond with each other 

directly; 

10 Z1 to Z3 each independently represents H, F, Cl, CF3, 
'· 

OCF3, or CN, an~ Z3 each independently represents -CH 3 ; 

M1 to M3 ecf~h independently represents, a single bond, 

-COO-, -OCO-, -CH20-, -OCH2-, - ( CH2 '2-, - ( CH2) c, -CH=CH- ( CH2 '2-, 

-(CH2 ) 2-CH=CH-, ~CH=N-, =CH=N-N=CH-, or -N(O}=N-, and M1 and M3 

15 each independently represents -CH=CH-, -CF=CF-, or c=c-; 

rings C1 to C3 each independently represents 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, ~aphthalene-2,6-diyl, 1,2,3,4-

20 tetrahydronapht~alene-2,6-diyl, or decahydronaphthalene-2,6-

diyl, naphthale~e-2,6-diyl and 1,2,3,4-tetrahydronaphthalene-

2,6-diyl can ha~e one, or two or more F, Cl, CF3 or CH3 as a 
;r 

non-substituent~or substituent group, and rings C1 and C3 may 
-, 

also be 1,4-phenylene, 2,3-difluoro-1,4-phenylene, 3,5-

25 difluorol,4-phepylene, 2- or 3-chloro-1,4-phenylene, 2,3-

dichloro-1,4-ph,nylene, or 3,5-dichloro-1,4-phenylene; 

one, or twQ or more hydrogen atoms, which are present in 
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side chain grouws R2 and R3
, linking groups M1 to M3 and rings 

C1 to C3
, may be· substituted with a deuterium atom; 

m1 to m3 each independently represents 0 or 1, and m2 + m3 

is 0 or 1; and 

atoms, whi~h constitute the compounds of the general 

formulas (III-1~ to (III-4), may be substituted with isotope 

atoms thereof) . 

12. A nematic l~quid crystal composition according to claim 

10 11, wherein said liquid crystal component C satisfies at least 

one of the following conditions: 

(i) said liquid crystal component C contains one, or two 

or more kinds o! compounds selected from compounds represented 

by the general tormula (III-1), the content of said selected 

15 compounds in saad liquid crystal component C being within a 

range from 5 td 100% by weight; 

(ii) said ~iquid crystal component C contains one, or two 

or more kinds oi compounds selected from compounds represented 

by the general ~ormula (III-2), the content of said selected 

20 compounds in sa~d liquid crystal component C being within a 

range from 5 t~~100% by weight; 
;I 

(iii) sai~;liquid crystal component C contains one, or 

two or 'more kin~s of compounds selected from compounds 

represented by the general formula (III-3), the content of 

25 said selected c~mpounds in said liquid crystal component C 

being within a zange from 5 to 100% by weight; 

(iv) said Jiquid crystal component C contains one, or two 
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or more kinds Qf compounds selected from the compounds 

represented by ~he general formula (III-4), the content of 

said selected e;ompounds in said liquid crystal component C 

being within a ~ange from 5 to 100% by weight; 

1 8 MAR 7003 

(v) said ljquid crystal component C contains one, or two 

or more kinds ~f compounds selected from compounds represented 

by the general ~ormula (III-1) and one, or two or more kinds 

of compounds selected from compounds represented by the 

general formula:· (I I I-2), the content of said selected 

-· 

10 compounds in s~id liquid crystal component C being within a 

range from 5 to, 100% by weight; 

(vi) said liquid crystal component C contains one, or two 

or more kinds qt compounds selected from compounds represented 

by the general formula (III-1) and one, or two or more kinds 
' 

15 of compounds selected from compounds represented by the 

general formula; (III-3), the content of said selected 

compounds in said liquid crystal component C being within a 

range from 5 tci~100% by weight; 

(vii) said~liquid crystal component C contains one, or 

20 two or more kinds of compounds selected from compounds 

represented by the general formula (III-1) and one, or two or 

more kinds of ~mpounds selected from compounds represented by ,, 
~-

the general fo~ula (III-4), the content of said selected 

compounds in sa~d liquid crystal component C being within a 

25 range from 5 t~ 100% by weight; 

(viii) said liquid crystal component C contains one, or 

two or more kin~s of compounds selected from compounds 
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represented by the general formula (III-2) and one, or two or 

more kinds of c~mpounds selected from compounds represented by 

the general formula (III-3), the content of said selected 

compounds in said liquid crystal component C being within a 

5 range from 5 t~_l00% by weight; 

(ix) said liquid crystal component C contains one, or two 

or more kinds of compounds selected from compounds represented 

by the general formula (III-2) and one, or two or more kinds 

of compounds se~ected from compounds represented by the 
;:1 

10 general formula~ (III-4), the content of said selected 

compounds in said liquid crystal component C being within a 

range from 5 tQ 100% by weight; 

(x) said llquid crystal component C contains one, or two 

or more kinds ~f compounds selected from compounds represented 

15 by the general lormula (III-3) and one, or two or more kinds 

20 

of compounds selected from compounds represented by the 

general formul~: (III-4), the content of said selected 

compounds in sa4d liquid crystal component C being within a 

range from 5 to: 100% by weight; 
_, 

(xi) said Jiguid crystal component C contains one, or two 

or more kinds Of compounds selected from compounds represented 

by the general ~ormula (III-1), one, or two or more kinds of 
~~ 

compounds sele9f ed from compounds represented by the general 

' 
formula (III-2);:and one, or two or more kinds of compounds 

25 selected from dompounds represented by the general formula 

(III-3), the coritent of said selected compounds in said liquid 
,, _, 

crystal component C being within a range from 5 to 100% by 
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weight; 

(xii) said; liquid crystal component C contains one, or 

two or more kinds of compounds selected from compounds 

represented by the general formula (III-1), one, or two or 

5 more kinds of c~mpounds selected from compounds represented by 

the general fortnula (III-2) 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 crY,$tal component C being within a range from 5 to 
-, 

10 100% by weight;': 

(xiii) said liquid crystal component C contains one, or 

two or more kinds of compounds selected from compounds 

represented by ~he general formula (III-1), one, or two or 

L 

more kinds of c~mpounds selected from compounds represented by 

15 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 crY:stal component C being within a range from 5 to 
' 

100% by weight;:: 

20 (xiv) sai~.liquid crystal component C contains one, or 

two or more ki~s of compounds selected from compounds 

represented by ~he general formula (III-2), one, or two or 

more kinds of q~mpounds selected from compounds represented by 

the general for~ula (III-3) and one, or two or more kinds of 

25 compounds seleoted from compounds represented by the general 
!: 
,, 

formula (III-4)/ the content of said selected compounds in 

" 
said liquid cr~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 ~ormula (III-1), one, or two or more kinds of 

5 compounds selec~ed from compounds represented by the general 

formula (III-2), one, or two or more kinds of compounds 

selected from compounds represented by the general formula 

(III-3) and one, or two or more kinds of compounds selected 

from compounds represented by the general formula (III-4), the 

10 content of said' selected compounds in said liquid crystal 

component C being within a range from 5 to 100% by weight. 

13. A nematic l~quid crystal composition according to claim 

11, wherein said liquid crystal component C contains one to 

15 twenty kinds of. compounds selected from one, two, or three or 

more sub-groups. among the following sub-groups (III-ai) to 

(III-axii), the:. content of said compounds being within a range 

from 10 to 100%;iby weight: 

(III-ai) compounds in which R2 is an alkenyl group having 2 to 
' 

20 5 carbon atoms,; in the general formulas (III-1) to (III-4); 
., 

(III-aii) compo~nds in which R3 is a straight-chain alkenyl or 

alkenyloxy grouP, having 2 to 7 carbon atoms, in the general 
·; 
:-; 

formula (III-l)j 

(III-aiii) compounds in which m1 is 0 and M2 is a single bond 

25 or - (CH2h-, in ;.the general formula (III-1); 

(III-aiv) compo~nd in which m1 is 1, in the general formula 

(III-1); 
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(III-av) compoutid represented by the general formula (III-2); 

(III-avi) compoUnd in which at least one of Z1
, Z2 and W1 to w3 

is F, in the ge~eral formula (III-3); 

(III-avii) compQund in which Z3 is F or -CH 3 , in the general 

5 formula (III-3)'; 

(III-aviii) compound in which m1 is 0 and M3 is a single bond, 

in the general formula (III-3); 

(III-aix) compound in which m1 is 1, M1 is a single bond, 

10 -(CH 2 ) 2-CH=CH-, ~CH=N-, -CH=N-N=CH-, -N(O)=N-, -CH=CH-, or 
,, 

-CF=CF-, in thei•general formula (III-3); 

(III-ax) compoupd in which M1 is COO- or -C=C- and M3 is -OCO-, 

CH=CH-, -CH=N-,f-CH=N-N=CH-, -N(O)=N-, -CH=CH-, -CF=CF-, or 

15 -C=C-, in the g~neral formula (III-3); 

(III-axi) compoµnd represented by the general formula (III-4); 

and 

(III-axii) comp~unds in which at least one hydrogen atom of 

rings C1 to C3 ~s substituted with a deuterium atom if rings C1 

20 to C3 represent ;:trans-1, 4-cyclohexylene, in the general 
~ 

formulas (III-lu to (III-4). 
~ 
~-

L 

~ 

14. A nematic laquid crystal composition according to claim 

11, wherein saib liquid crystal component C contains one to 

25 twenty kinds o(:compounds selected from one, two, or three or 

more sub-groups_:among the following sub-groups (III-bi) to 

(III-bix), the content of said compounds being within a range 
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from 10 to lOot:by weight: 

(III-bi) compou~d in which R2 is an alkyl group having 1 to 5 

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

R3 is an alkyl or alkoxy group having 1 to 5 carbon atoms, or 

5 an alkenyl or c:i)-kenyloxy group having 2 to 5 carbon atoms, m1 

is 0, and M2 is~a single bond, -coo- I or - (CH2) 21 in the 

general formula (III-1); 

(III-bii) compound in which R2 is an alkyl group having 1 to 5 

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

10 R3 is an alkyl Qr alkoxy group having 1 to 5 carbon atoms, or 

an alkenyl or aikenyloxy group having 2 to 5 carbon atoms, m1 

is 1, the ring ~ 1 is trans-1,4-cyclohexylene, and one of M1 and 

M2 is a single bond and other one is a single bond, -COO-, or 

a -(CH2 ) 2-, in t~e general formula (III-1); 

15 (III-biii) compound in which R2 is an alkyl group having 1 to 

5 carbon atoms ~r an alkenyl group having 2 to 5 carbon atoms, 

R3 is an alkyl or alkoxy group having 1 to 5 carbon atoms, or 

an alkenyl or ~lkenyloxy group having 2 to 5 carbon atoms, the 

ring C2 is tran~-1,4-cyclohexylene or trans-1,4-

20 cyclohexenyleneJ m1 is O, and M2 is a single bond, -COO-, or 

-(CH2 ) 2-, in the general formula (III-2); 

(III-biv) compqµnd in which R2 is an alkyl group having 1 to 5 

carbon atoms o~~an alkenyl group having 2 to 5 carbon atoms, 

R3 is an alkyl or alkoxy group having 1 to 5 carbon atoms, or 

25 an alkenyl or alkenyloxy group having 2 to 5 carbon atoms, the 
-, . 

ring C2 is trana-1,4-cyclohexylene or trans-1,4-

cyclohexenylene, m1 is 1, and one of M1 and M2 is a single 
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bond, in the ge~eral formula (III-2); 

(III-bv) compound in which R2 is an alkyl group having 1 to 5 

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

R3 is an alkyl ~r alkoxy group having 1 to 5 carbon atoms, or 

5 an alkenyl or alkenyloxy group having 2 to 5 carbon atoms, m1 

is 0, and M3 is !.a single bond, -c=c-, or -CH=N-N=CH-, in the 

general formula: (III-3); 

(III-bvi) compound in which R2 is an alkyl group having 1 to 5 

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

10 R3 is an alkyl or alkoxy group having 1 to 5 carbon atoms, or 

an alkenyl or alkenyloxy group having 2 to 5 carbon atoms, m1 

is 1, M1 is a single bond, -(CH 2 ) 2-, -coo-, or -c=c-, and M2 is 

a single bond, ~coo-, or -C=C-, in the general formula (III-

3) ; 

15 (III-bvii) comppund in which R2 is an alkyl group having 1 to 

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

R3 is an alkyl ~r alkoxy group having 1 to 5 carbon atoms, or 

an alkenyl or alkenyloxy group having 2 to 5 carbon atoms, m1 

is 1, one of M1 ~and M3 is a single bond and other one is a 

20 single bond or ~C=C-, and at least one of W1 and W2 is F, in the 

general formular(III-3); 

(III-bviii) compound in which R2 is an alkyl group having 1 to 

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

R3 is an alkyl or alkoxy group having 1 to 5 carbon atoms, or 

25 an alkenyl or alkenyloxy group having 2 to 5 carbon atoms, and 

any one of Z 2 and Z 3 i s subs t i t u t e d w i th F or CH 3 , in the 

general formula,;(III-3); and 
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(III-bix) compound in which R2 is an alkyl group having 1 to 5 

carbon atoms or;:an alkenyl group having 2 to 5 carbon atoms, 

R3 is an alkyl er alkyloxy group having 1 to 5 carbon atoms, 

or an alkenyl o~ alkenyloxy group having 2 to 5 carbon atoms, 

5 and m2 +m3=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, or two or more kinds of core-structure compounds 

10 which have four'.: six-membered rings and a liquid crystal phase-

isotropic liquid phase transition temperature of 100°C or 

higher. 

16. A nematic llquid crystal composition according to any one 

15 of claims 1 to ~5, wherein said liquid crystal composi:ion 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-ipotropic liquid phase transfer temperature 

within a range from 50 to 180°C or higher, and a crystal 

20 phase-, smectic~phase- or glass phase-nematic phase transfer 

temperature within a range from -200 to 0°C. 

17. A nematic l~quid crystal composition according to any one 
' 

of claims 1 to 16, wherein said liquid crystal composition 

25 contains a comppund having an optically active group capable 

of securing an ~nduced helical pitch within a range from 0.5 

to 1000 µm. 
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18. An active matrix, twisted nematic or super twisted nematic 

liquid display device using the nematic liquid crystal 

composition of any one of claims 1 to 17. 

19. A light sca~tering type liquid display device comprising a 

light modulation layer which contains the liquid crystal 

composition of $ny one of claims 1 to 17 and a transparent 

solid substance~ 

20. A light scattering type liquid display device according to 

claim 19, wherein said liquid crystal composition formed a 

continuous laye~ in said light modulation layer and said 

transparent sol~d substance formed a uniform three-dimensional 

15 network in sai& continuous layer. 


