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LIQUID CRYSTAL COMPOSITIONS AND LIQUID
CRYSTAL DISPLAY DEVICES

The present invention relates to liquid crystal
compositions for liquid crystal display devices and to

liquid crystal display devices using the compositions.

' More particularly, it relates to nematic liquid crystal

compositions for liquid crystal display devices of
supertwisted nematic (STN) mode and to liquid crystal
display devices using the compositions.

Compact and thin display devices exhibiting little
electric power consumption and yet having similar display
capacity and quality to those of conventional cathod ray
tube (CRT) are required with the latest development of
information instruments, particularly personal terminal
equipments. For this reason, a liquid crystal display
method using supertwisted nematic (STN) mode is widely
adopted at present. The mode was proposed by T. J.
Scheffer et al in 1984, which was epochmaking because the
mode exceeded the limit of twisted nematic (TN) mode used
for conventional liquid crystal displays. Namely, they
reported that better contrast and broader viewing angles
than those of the TN mode having a twist angle of 90
degrees were obtained by establishing the twist angle at
180-270 degrees to use birefringence effect of a liquid
crystal cell, and that, even if the duty ratio was de-
creased (~1/480), the display'quality was not so lowered.
(For example, it is referred to T. J. Scheffer et al:x
Appl. Phys. Lett., 45 (1984) 1021.) |

However, though the STN modé has distinctive features
of a distinct contrast and a broad v1ew1ng angle, . there
remain problems of low productlon yield due. to abnormal

lighting of liquid crystal cells caused by static elec-



tricity, irregular display caused by foreign substances
contained in display materials during producing process
such as panel assembly, or poor display by fusion of the
display surface caused by long time lighting. To resolve
these problems, a method for controlling the electric
property of the liquid crystal composition is exempli-
fied. As to the abnormal lighting caused by static
electricity, it was reported to control specific resist-
ance value by adding an ionic compound such as quaternary
ammonium salt to a liquid crystal composition having
great specific'resistance value. (For example, it is
referred to Japanese Patent Application Laid-open Number
59-4647.) However, the ionic compound shows insufficient
compatibility and solubility characteristics to conven-
tional liquid crystal compositions. Some problems still
remain. Namely, it is difficult to homogeneously dis-
perse the ionic compound in a liquid crystal cell because
the compound is easily adsorbed in the neighborhood of an
injection part. Since it is necessary at the same time
to control the specific resistance value and to lower the
voltage-holding ratio, the consumptioh of electric power

of the liquid crystal cell very often becomes greater.

An object of the preéént invention is to provide
liquid crystal display devices of STN mode, which do not
show poor display such as irregular display or fusion
phenomena. To realize the obtention of such devices,
another object of the present invention is to proﬁide
stable liquid crystal compositions by controlling to
scarcely lower the specific resistance value and to lower
the voltage-holding ratio and electric power consump-
tion. _

The present invention is based on the conception that
the specific resistance value is scarcely lowered and the

voltage-holding ratio is easily controlled by adding a



very small amount of at least one compound selected from
the group consisting of condensed he@erocyclic compounds,
aromatic amine compounds, aliphatic amine compounds, and
aromatic hydroxy compounds that are nonionic compounds to
liquid crystal compositions.

Namely, the first feature of the present invention is
a liquid crystal composition for a liquid crystal display
device of supertwisted nematic mode which éomprises at
least one compound selected from the group consisting of
condensed heterocyclic compounds, aromatic amine com-
pounds, aliphatic amine compounds, and aromatic hydroxy
compounds. The second feature of the present invention
is a liquid crystal display device of supertwisted nemat-
ic mode characterized in that the liquid crystal composi-
tion is used. The third feature of the present invention
is 'a method for controlling the voltage-holding ratio of
the liquid crystal composition for the display device of
supertwisted nematic mode by adding to the composition at
least one compound selected from the group consisting of
condensed heterocyclic compounds, aromatic amine com-

pounds, aliphatic amine compounds, ‘and aromatic hydroxy
compounds.

Fig. 1 shows a measuring circuit of voltage-holding
ratios.
Fig. 2 shows driving waves and measuring waves in

measurement of voltage-holding ratios.

The present invention is fully described in the
following. The voltage-holding ratio and the specific
resistance value of the liquid crystal compositions
depend on the purity of the compositions. Since a liquid
crystal display device using a liquid crystal composition
containing impurities causes trouble such as short life,

conventionally, sufficiently purified ligquid crystal



compositions are brought to market. Such liguid crystal
compositions have generally voltage-holding ratio of 90%
or more and specific resistance of 1011-1013 Recm. To
these liqhid crystal compositions, a very small amount of
at least one compound selected from the group consisting
of condensed heterocyclic compounds, aromatic amine
compounds, aliphatic amine compounds, and aromatic hy-
droxy compounds is added. As a result, the voltage-
holding ratio can be easily controlled to scarcely lower
the specific resistafice value.

Compounds applicable to control the voltage¥holding
ratio of the liquid crystal compositions are condensed
heterocyclic compounds, aromatic amine compounds, ali-

phatic amiqe compounds, and aromatic hydroxy compounds .
| As the condensed heterocyclic compounds, compounds having
one or more hetero atoms of nitrogen, oxygen or sulfur
are preferred. The following compounds are exemplified.

As bicyclic condensed heterocyclic compounds,
benzofuran, benzothiophene, indole, isoindole, indoli-
zine, quinoline, isoquinoline, quinolizine, isatin,
coumarin, indazole, benzimidazole, quinazoline, guinoxa-
line, benzoxazole, benzothiazole, benzotriazole, benzoxa-
diazole, benzothiadiazole, and benzodioxane are exempli-
fied. |

As tricyclic condensed heterocyclic compounds,
carbazole, dibenzothiophene, phenanthridine, dibenzofu-
ran, acridine, phenazine, phenoxathiine, thianthrene and
phenoxaziné are exemplified.

In these bicyclic and tricyclic condensed heterocy-
clic compounds, benzothiophene, .carbazole, dibenzothio-
phene, phenoxathiine, thianthrene and phenoxazine are '
preferred.

Compounds suited for controlling the voltage-holding
ratio are aromatic amine compounds and aliphatic amine

compounds. Preferably, these compounds are aromatic and
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aliphatic amihe compounds represented by the general
formula R4R5R6N wherein R4, R> and Rslare hydrogen,
noncyclic alkyl, cyclic alkyl, aromatic hydrocarbon,
substituted aromatic hydrocarbon, or heteromonocyclic'
groups. More preferably, these compounds are aromatic
and aliphatic amine compounds represented by the general

1R2R3N wherein R! is hydrogen or phenyl, R2 is

formula R
hydrogen, noncyclic alkyl, cyclohexyl, benzyl, phenyl,
tolyl, methoxyphenyl, 1-naphthyl or 2-naphthyl, and R3 is
cyclohexyl, phenethyl or phenyl, and the phenyl may be
substituted by alkyl, alkoxyl, hydroxy, amino, nitro,
nitroso, bromine, methylamino, cyclohexylamino, phenyla-
mino, tolylamino, 1-naphthylamino, 2-naphthylamino or 4-
phenylaminophenyl, and when R1 is phenyl, R2-N-R3 may be
piperazinyl. '

"As concrete aromatic amine compounds, 1,4-phenylene-
diamine, N-phenyl-1,4-phenylenediamine,
N,N'-dimethyl-1,4-phenylenediamine, N-isopropyl-N'-phe-
nyl-1,4-phenylenediamine, N,N'-ditolyl-1,4-phenylenedia-
mine, N,N'-diphenyl-1,4-phenylenediamine, N,N'-bis(2-
naphthyl)-1,4-phenylenediamine, 4-aminophenol, 4-methox-
yaniline, N-phenyl-2-naphthylamine, N-phenyl-1-
naphthylamine, N-4-methoxyphenyl-1,4 phenylenediamine,
diphenylamine, tolylaniline, aniline, aminobiphenyl, 4-
nitroaniline, 4-aminophenyl-4-methoxyphenylamine, N-
cyclohexyl-N'—phenyl-1,4-pheny1enediamine; N,N'-
diphenylbenzidine, N-methylaniline, N-{4-nitrosophenyl)-
aniline, 2-aminophenol, 4-bromoaniline, 1,3-phenylenedia-~
mine, 3-methylaniline, phenylpiperazine, triphenylamine,
N-phenylbenzylamine, N,N,N',6N'-tetramethyl-1,4-
phenylenediamine, and N,N'-dimethylindoaniline can be
exemplified, '

Triethylamine may be used as the aliphatic amine
compounds, and compounds having a higher boiling point

are preferred. 1In primary amines, cyclic alkyl amines



are more preferred than noncyclic alkyl amines. Further,
monocyclic compounds containing nitrogen may be used.
Dicyclohexylamine, cyclohexylamine, N-propylphenethyla-
mine, N-benzylphenethylamine and 4-phenylpiperidine are
embodied.

Particularly preferable compounds in_the aromatic and
aliphatic amine compounds are N,N'-diphenyl-1,4-phenyle-
nediamine, N,N'-bis(2-naphthyl)-1,4-phenylenediamine,
diphenylamine, N,N'-diphenylbenzidine, N-benzylphenethy-
lamine, phenylpiperazine, triphenylamine, N-phenylbenzy-
lamine, N,N,N', N'-tetramethyl-1,4-phenylenediamine, and
N,N-dimethylindoaniline.

In addition, compounds applicable to control the
voltage-holding ratio of the liquid crystal compositions -
are aromatic hydroxy compounds. Preferably, the aromatic
hydroxy compounds have electrophilic substituting groups
on.the aromatic rings and 10 or less of acidity constant
Ka. These compounds contain cyanophenol derivatives,
nitrophenol derivatives, halogenated phenol derivatives,
and halogenated alkylphenol derivatives represented by
the following general formula:

xn
o

wherein X is cyano, nitro, halogen, haloalkyl, alkyl,
aryl, or aralkyl; n is an integral number of 1-5.

‘As the aromatic hydroxy compounds, cyanophenol,
nitrophenol, chlorophenol, bromophenol, fluorophenol,
(trifluoromethyl)phenol, difluorophenol, dicyanophenol,
methylfluorophenol, phenylfluorophenol, benzyl fluorophe-
nol, (trifluoromethyl)fluorophenol, cyanofluofophenol,
fluoronitrophenol, (trifluoromethyl)cyanophenol, chloro-

cyanophenol, and cyanodifluofophenol are exemplified.



In these aromatic hydroxy compounds, cyanophenol,
difluorophenol, dicyanophenol, cyanofluorophenol, (tri-
fluoromethyl) cyanophenol, and cyanodifluorophenol are
particularly preferred. '

As the liquid crystal compositions used in the
present invention, mixtures of several kinds of liguid
crystal compounds represented by the following structural

formula are exemplified.

X X
X
R! o)—@ R? R1®—®-R2
N
X X X
R1<H )-c00 O &2 R1(0%-coo{ 0% R
1 X X X X
R @cuzcuz@ R2 R’@CEC@RZ
wherein R1 and R2 are alkyl, alkoxy aikyl, alkoxy, alke-

nyl, alkylphenyl, alkoxyalkylphenyl, alkoxyphenyl, alke-
nylphenyl, alkylcyclohexyl, alkoxyalkylcyclohexyl,alke-
nylcyclohexyl, cyanophenyl, cyano, halogens, trifluoro-
methyl, trifluoromethoxy or difluoromethoxy, and phenyl
in R? and R? may be substituted by trifluoromethyl,
trifluoromethoxy, difluoromethoxy, and halogens such as
fluorine and chlorine. X shows hydrogen, trifluorometh-
yl, trifluoromethoxy, difluoromethoxy or a halogen such
as fluorine and chlorine.

Appropriate upper limit value of the voltage-holding
ratio of the liquid crystal compositions of the present

invention is determined by existence of irregular display



which was caused by irregular orientation of liquid
crystal composition in the presence of dust and the like
and by a fused phenomenon, and it is preferahly 90% or
less. Further, considering the influence of the consump-
tion electric power and the reliahility, the lower limit
is preferably 40% or more. In addition, the voltaye-
holding ratio of the liquid crystal compositions is
preferably 40% to 80%. ]

The content of at least one compound selected from
the gyroup of condensed heterocyclic compounds, aromat-
ic amine compounds and aliphatic amine compounds used in
the present invention is such a very small amount that
the stahility such as a transition point to the isotropic
state of the liquid crystal composition is not lost. The
appropriate content is determined by preventing the
precipitation ahd separation of the compound. Preferred
content is 0.0001-3% by weight based on the liquid crys-
tal composition. The voltage-holding ratio is dependent
on the type and the content of the compound. Accordiny-
ly, by addiny the compound haviny an appropriate very
small amount of 0.0001-3% by weigyht to the composition,
the voltaye-holdinyg ratio can he contrélled to a desired
value in the range of 40-80%.

In the liquid crystal compositions of the present
ihvention, a mixture of two or more compoundé selected
from the ygroup consisting of condensed heterocyclic
compounds, aromatic amine compounds, aliphatic amine
compounds, and aromatic hydroxy compounds may be used.
Further, optically active materials such as cholesteril
nonanoate may be used toyether with the compounds.

The followiny examples illustrate the present inven-
tion more specifically, but these will not always be
precise in practical applications.

As the liquid crystal compositions, two kinds of
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liquid crystal mixtures (abbreviated as liquid crystal
mixture 1 and liquid crystal mixture 2) having constitu-
ents of Table 1 containing a phenylcyclohexane type
compound as a principal component are used. A liquid
crystal cell is constituted as follows: a polyimide type
resin (PSI-A-2204, manufactured by CHISSO CORPORATION)
was applied to glass substrates and the resin was hard-
ened. Coated surface of the substrates were rubbed. The
liquid crystal cell was assembled by the glass substrates
having transparent electrodes to obtain a cell gap of 6
um and twisted orientation of 240 degrees. The constitu-

ents of the liquid crystal mixtures are shown in Table 1.

Table 1
Liguid crystal Liquid crystal ' Ligquid crystal
compounds mixture 1 ' mixture 2

(percentage by weight) (percentage by weight)

CHy = CHCHCH, CN 12 12
C2H4=CHCH2CH2CN 12 12
catts ()L O)on o 12
crg@céc@csﬂm 10 6
C4H9-@CEC@C4H9 9 6
| F
@ Geme@em
F
@ eme@em
DD o
3ty )~ H)~(0)- ety 4 ‘
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o DD ey 1 :
o HDCren s s
C3H7®@OC2HS 9

100 100

The voltage-holding ratios of the liquid crystal
compositions were determined by using the circuit shown
in Fig.1. Fig. 2 shows a waveform at measurement times,
and the oblique line part of Vd is an embodied waveform
measured in practice. The voltage-~holding ratio is
represented by the ratio of the area of the oblique line
part (vq-tq-t,-v,) in Fig. 2 to the area of the product
((vq) x (tq-t,)) of source voltage (v4) and applied time
(t4-ty). '

Example 1

To liguid crystal mixture 1, one percent by weight of
dibenzothiophen of a tricyclic condensed heterocyclic
compéund was added and mixed well to prepare a liquid
crystal composition. The voltage-holding ratio of the
composition was. 70% and the specific resistance value was
2 x 10'! Qecm. Further, the voltage-holding ratio of
liquid crystal mixture 1 was 95% ahd the specific resist-
ance value was 5 x 1012 Qscn. By using dibenzothiophen
of a condensed heterocyclic compound, the specific re-
sistance value was not appreciably lowered but the volt-
age-holding ratio could be lowered considerably. .
Example 2

To liquid crystal mixture 2, 0.03%, 0.3% and 1.0% by
weight of phenoxazine of a tricyclic condensed heterocy-
clic compound were added, respectively, and liquid crys-

tal compositions were prepared. The voltage-holding
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ratios of these compositions were 75%, 59% and 48%,
respectively. The specific resistance values were 4 Xx
101 Qecm, 2 X 1011 lecm and 9 X 1010 Q;cm, respectively.
Example 3

To liquid crystal mixture 2, 0.01 and 0.03% by weight
of benzothiophene of a bicyclic condensed heterocyclic
compound were added, respectively, and liquid crystal
compositions were prepared. The voltage-holding ratios
of these compositions were 60% and 51%, respectively.

The specific resistance values of these compositions were
1 x 1012 Qecm and 4 x 1011 Qecm, respectively. Besides,
the voltage-holding ratio of liquid crystal mixture 2 was
92%, and the specific resistance value was 3 X 1012 Qecm.
By using benzothiophene'of a condensed heterocyclic
compound, the specific resistance values were not appre-
ciably lowered but-the voltage-holding ratios could be
lowered considerably.

Example 4 .

To liquid crystal mixture 1, 0.3% and 1.0% by weight
of carbazole of a tricyclic condensed heterocyclic com-
pound were added, respectively, and liquid crystal compo-
sitions were prepared. The voltage-holding ratios of
these compositions were 78% and 65%, respectively.
Example 5

" To liquid crystal.mixture 2, 0.3% and 1.0% by weight
of thianthrene of a tricyclic condensed heterocyclic
compound were added, respectively, and liquid crystal
compositions were prepared. The voltage-holding ratios
of these compositions were .80% and 70%, respectively.
Example 6 :

To liguid crystal mixture 1, 1.5% by weight of phe-
noxathiine was added, and liquid crystal composition was
prepared. The voltage-holding ratio of the composition
was 75%.

Example 7 (Using example)
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A polyimide type resin (PSI-A-2204, manufactured by
CHISSO CORPORATION) was coated on the surface of a pair
of substrates having electrodes and the substrates were
treated by rubbing to make twisted alignment of 240
degrees. Using this pair of substrates a liquid crystal
cell having a cell gap of 6 um was prepared with the
pixels of 640 x 400 dots. The liquid crystal composition
prepared by adding 0.03% by weight of benzothiophene to
liquid crystal mixture 2 described in Example 3 was
placed in the cell, and a STN device having two polarizer
plates at the both sides was manufactured. A rectangular
wave (ON voltage) of 20 V at 70 Hz was applied to the
device so that a letter of "A" appeared. Uneven display
was not observed. When the voltage was canceled after
the application for one hour, a fused phenomenon was not
observed under OFF conditions.

Example 8
To liquid crystal mixture 1, 0.3% by weight of diphe-

nylamine of an aromatic amine compound was added, and a
liquid crystal composition was prepared. The voltage-
holding ratio of the composition was 62% and the specific
resistance value was 9 x 1011 Qecm. Since the voltage-
holding ratio of liquid crystal mixture 1 was 95% and the
specific resistance value was 5 x 1012 Q*cm, by using
diphenylamine of an amine compound, the specific resist-
ance value was not appreciably lowered, whereas the
voltage-holding ratio could be lowered considerabiy.
Example 9 .

By adding 0.0005%, 0.003%, 0.03% and 0.3% by weight
of N,N-diphenylbenzidine of an aromatic amine compound to
liquid crystal mixture 2, four liquid crystal composi-
tions were prepared. The voltage-holding ratios of these
compositions were 77%, 65%, 45% and 40%, respectively. .
On the other hand, the specific resistance values were 9
x 1911 Qecm, 8 X 1011 Qecm, 6 X 1017 Qecm and 2 x 1011
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Qecm, respectively. Besides, the voltage-holding ratio
of liquid crystal mixture 2 was 92%, and the specific
resistance value was 3 X 1012 Qecnm. By using diphenyl-
benzidine of an amine compound, the specific resistance |
values were not appreciably lowered, whereas the
voltage-holding ratios gould be lowered considerably.
Example 10

By adding 0.01%, 0.05%, 0.3% and 1% by weight of
phenylpiperazine of an aromatic amine compound to liquid
crystal mixture 2, four liquid crystal éompositions were
prepared. . The voltage-holding ratios of these composi-
tions were 78%, 69%, 60% and 42%. The specific resist-
ance values were 3 X 1011 Qecm, 1 x 1011 ftecm, 8 X 1010
Qecm and 7 X 1010 Qi*cm, respectively.
Example 11

" By adding 0,005%, 0.03%, and 0.5% by weight of N-

benzylphenethylamine of an aliphatic amine compound to
liquid crystal mixture 1, three liquid crystal composi-
tions were prepared. The voltage-holding ratios of
these compositions were 73%, 64% and 58%, respectively.
Example 12

By adding 2% by weight of triphenylamine of an aro-
matic amine compound to liquid crystal mixture 2, a
liquid cxrystal éOmposition was prepared. The voltage-~
holding ratio of the composition was 78%, and the spec1f-
ic resistance value was 8 % 1019 Qecm.
Example 13

By adding 0.3% by weight of N-phenylbenzylamine of an
aromatic amine compound to liguid crystal mixture 2, a
liquid crystal composition was prepared. The voltage-
holding ratio of the composition was 76%, and the spec1f—
ic resistance value was 3 x 1011 Qecn.
Example 14

'By adding 0.005%, 0.01%, and 0.5% by weight of N,N'-
diphenyl-1, 4-phenylenediamine of an aromatic amine com-
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pound to liquid crystal mixture 1, three liquid crystal
compositions were prepared.
Example 15 .

By adding 0.005%, 0.01% and 0.5% by weight of N,N'-
bis(2-naphthyl)-1, 4-phenylenediamine of an aromatic amine
compound to liquid crystal mixture 1, three liquid crys-
tal compositions were prepared.

Example 16 (Using example)

A polyimide type resin (PSI-A-2204, manufactured by
CHISSO CORPORATION) was coated on the surface of a pair
of substrates having electrodes, and the substrates were
treated by rubbing to make twisted alignment of 240
degrees. Using these substrates a liquid crystal cell
having a cell gap of 6 um was prepared with the pixels of
640 x 400 dots. The liquid crystal cémposition prepared
by adding 0.003% by weight of N,N'-diphenylbenzidine
described in Example 9 to liquid crystal mixture 2 was
injected in the cell, and a STN device having two pdlar-
izer plates at the both sides was manufactured. A rec-
tangular wave (ON voltage) of 20 V at 70 Hz was applied
to the device to appear a letter of "A"., Uneven display
was not observed. When the voltage was canceled after
the application for one hour, a fused phenomenon was not
observed under OFF conditions.

Example 17

0.3% by weight of 2-fluoro-4-hydroxybezonitrile of an
aromatic hydroxy compound was added to liquid crystal
mixture 1 and mixed well to prepare a liguid crystal
composition. The voltage-holding ratio of the composi-
tion was 65%, and the specific resistance value was 2 x
1011 Qecm,

Example 18

0.3% by weight of 3-fluoro-4-hydroxybezonitrile of an
aromatic hydroxy compound was added to liquid crystal
mixture 2 and mixed well to prepare a liquid crystal
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composition. The voltage-holding ratio of the composi-
tion was 70%, and the specific resistance value was 1 X
1011 Q-cm.

Comparing example 1

Liquid crystal mixture 2 without an additive was
sealed in the same cell as in Examples 7 and 16, and a
STN device was manufactured. As described in these
examples, after ON voltage was applied to the device for
one hour so that a letter of "A" appeared, a fused phe-
nomenon by which the letter of "A" remained faintly was
observed under OFF conditions.

Comparing example 2

A liquid crystal composition was prepared by adding .
0.0001% by weight of tetrabutylammonium bromide of an
ionic compound to liquid crystal mixture 2. The liquid
crystal composition was injected in a liquid crystal cell
having a cell gap of 6 um and pixels of 640 x 400 dots
which was prepared by coating a polyimide type resin .
(PSI-A-2204, manufactured by CHISSO CORPORATION) on ﬁhe
surface of electrodes and treated the coat by rubbing so
as to make twisted alignment of 240 degrees. 1In this
case, uneven display, it may be caused by adsorption of
tetrabutylammonium bromide at injeétion, was observed
near the inlet to the center of the cell.

As described above, condensed heterocyclic com-
pounds, aromatic amine compounds and aliphatic amine
compounds of the present invention are useful for widely
improving irreqular display or fusion phenomena of STN
devices. ' '

The present invention can provide liquid crystal
compositions for liquid crystal display of a STN type
that the voltage-holding rati¢ was controlled appropri-
ately without lowering the specific resistance value. By
the present invention, it becomes possible to provide
liquid crystal devices of the STN type having.high
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quality that no irregular display caused by dust and
fusion phenomena are observed,
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LIQUID CRYSTAL COMPOSITIONS AND LIQUID
CRYSTAL DISPLAY DEVICES

Claims

1. A liquid crystal composition for a liquid crystal
display device of supertwisted nematic mode character-
ized in that it comprises at least one compound selected
from the group consisting of condensed heterocyclic
compounds, aromatic amine compounds, aliphatic amine
compounds and aromatic hydroxy compounds.

2. A liquid crystal compdsition as claimed in claim
1, wherein the condensed heterocyclic compounds have
one or more hetero atoms of nitrogen, oxygen and sulfur.

3. A liquid crystal composition as claimed in claim 1
or claim 2, wherein the condensed heterocyclic com-
pounds are selected from the group of benzofuran, benzo-
thiophene, indole, isoindole, indolizine, quinoline,
isoquinoline, quinolizine; isatin, coumarin, carbazole,
dibenzothiophene, phenanthridine, dibenzofuran, indazole,
benzimidazole, gquinazoline, quinoxaline, benzoxazoleh
benzothiazole, benzotriazole, benzoxadiaéole, benzothia-
diazole, benzodioxane, acridine, phenazine, phenoxath-
iine, thianthrene and phenoxazine.

4., A liquid crystal composition as claimed in claim
1, 2 or 3, wherein the condensed heterocyclic com-
pounds are selected from the group of benzothiophene,
carbazole, dibeﬁzothiophene, phenoxathiine, thiantholene
and phenoxazine. '

5. A liguid crystal composition as claimed in claim
1, wherein the aromatic amine compounds and aliphatic
amine compounds are represented by the general formula
R1R2R3N wherein R1 is hydrogen or phenyl, R2 is hydrogen,
noncyclic alkyl, cyclohexyl, benzyl, phenyl, tolyl,
methoxyphenyl, 1-naphthyl or 2-naphthyl, and R3 is cyclo-
hexyl, phenethyl or phenyl, and the phenyl may be substi-
tuted by alkyl, alkoxyl, hydroxy, amino, nitro, nitroso,
bromine, methylamino, cyclohexylamino, phenylamino,
tolylamino, 1-naphthylamino, 2-naphthylamino or 4-phenyl-

. * [ [ [ < *
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aminophenyl, and when Rl is phenyl, R2—N—R3 may be pip-
erazinyl. ,

6. A liquid crystal composition as claimed in claim 1
or 5, wherein the aromatic amine compounds and aliphatic
émine compounds are selected from the group consisting of
1,4-phenylenediamine, N-phenyl-1,4-phenylenediamine,
N,N'-dimethyl-1,4-phenylenediamine, N-isopropyl-N'-phe-
nyl-1,4-phenylenediamine, N,N'-ditolyl-1,4-phenylenedia-
mine, N,N'-diphenyl-1,4-phenylenediamine, N,N'-bis(2-
naphthyl)-1,4-phenylenediamine, 4—aminoghenol, 4-methox-
yaniline, N-phenyl-2-naphthylamine, N-phenyl-1-
naphthylamine, N-4-methoxyphenyl-1,4-phenylenedianine,
diphenylamine, tolylaniline, aniline, aminobiphenyl, 4-
nitroaniline, 4-aminophenyl-4-methoxyphenylamine, N-
cyclohexyl-N'-phenyl-1,4-phenylenediamine, N,N'-
diphenylbenzidine, N-methylaniline, N-(4-nitrosophenyl)
aniline, 2-aminophenol, 4-bromoaniline, 1,3—phenylehedia-
mine, 3-methylaniline, phenyipiperazine, triphenylamine,
N-phenylbenzylamine, N,N,N',N'—tetramethyl-1,4-phenyiene—
diamine, N,N-dimethylindoaniline, dicyclohexylamine,
cyclohexylémine, N-propylphenethylamine, N-
benzylphenethylamine, and 4-phenyl piperidine.

7. A liquid crystal composition as claimed in claim
1, 5 or 6, wherein the aromatic amine compounds are
selected from the group consisting of N,N'-diphenyl-1,4-
-phenylenediamine, N,N'-bis(2-naphthyl)-1,4-phenylenedia-
mine, diphenylamine, N,N'-diphenylbenzidine, phenylpip-
erazine, triphenylamine, N-phenylbenzylamine, N,N,N',N'-
tetramethyl-1, 4-phenylenediamine, N,N-dimethylindoaniline
and N-benzylphenethylamine.

8. A liquid crystal composition as claimed in claim
j, wherein the aromatic hydroxy compounds have electro-
philic substituting groups on the aromatic rings and 10
or less of acidity constant Ka.

9. A liguid crystal composition as claimed in claim 1

e —————

(W
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or 8, wherein the aromatic hydroxy compounds are selected
from the group consisting of cyanophenol derivatives,
nitrophenol derivatives, halogenated phenol derivatives,
and halogenated alkylphenol derivatives.

10. A liquid crystal composition as claimed in claim
1, 8 or 9, wherein the aromatic hydroxy compounds are
selected from the group consisting of cyanophenol, nitro-
phenol, chlorophenol, bromophenol, fluorophenol, (tri-
fluoromethyl)phenol, difluorophenol, dicyanophenol,
methylfluorophenol, phenylfluorophenol,lbenzylfluorophe-
nol, (trifluoromethyl)fluorophenol, cyanofluorophenol,
fluoronitrophenol, (trifluoromethyl)cyanophenol, chloro-
cyanophenol, and cyanodifluorophenol.

11. A liquid crystal composition as claimed in claim
1, 8, 9 or 10, wherein the aromatic hydroxy compounds are
selected from the group consisting of cyanophenol, di-
fluorophenol, dicyanophenol, cyanofluorophenol, (trifluo-
romethyl)cyanophenol, and cyanodifluorophenol.

12. A liquid crystal composition as claimed in any
one of claims 1-11, wherein the content of at least one
compound selected from the group consisting of condensed
heterocyclic compounds, aromatic amine compounds, ali-
phatic amine compounds, and aromatic hydfoxy compounds is
1 0.0001-3% by weight.,

13. A liquid crystal composition as claimed in any
one of claims 1-12, it contains at least one compound
selected from the group consisting of condensed heterocy-
clic compounds, aromatic amine compounds, aliphatic amine
compounds, and aromatic hydroxy compounds and the volt-
age-holding ratio is controlled in the range of 40-80%.

14. A liquid crystal display device of supertwisted
nematic mode characterized in that the liquid crystal
composition claimed in any one of claims 1-13 is used.

15. A method for controlling a voltage-holding ratio
>f a liquid crystal composition for a display device of
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supertwisted nematic mode in the range of 40-80% by using
at least one compound selected from the group consisting
of condensed heterocyclic compounds, aromatic amine
compounds, aliphatic amine compounds, and aromatic hy-
droxy compounds described in any one of claims 1-14.,



