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(7) ABSTRACT

Disclosed are a liquid crystal composition and a display
element or display using the liquid crystal composition,
wherein the liquid crystal composition contains one or more
compounds of general formulas I, IT and III,
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The liquid crystal composition disclosed in the present
invention has an excellent performance, an optical anisot-
ropy in the range of 0.080 to 0.150, a low rotary viscosity,
a fast response time, and good chemical, optical and thermal
stabilities, and is very suitable for manufacturing liquid
crystal display elements, particularly suitable for active
matrix display elements, such as active matrix displays
using a VA, FFS or IPS mode.

9 Claims, No Drawings
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LIQUID CRYSTAL COMPOSITION OF
NEGATIVE MONOMER CONTAINING
CYCLOPENTYL CYCLOHEXENYL AND
LIQUID CRYSTAL DISPLAY ELEMENT OR
LIQUID CRYSTAL DISPLAY THEREOF

TECHNICAL FIELD

The invention of the present application belongs to the
field of liquid crystal compounds, and particularly relates to
a negative dielectric anisotropy liquid crystal composition
and a liquid crystal display element or liquid crystal display
using the liquid crystal composition.

BACKGROUND ART

Display is a process of converting an electrical signal
(data information) into visible light (visual information), and
devices for realizing display, i.c., Man-Machine Interface
(MMI) and Flat Panel Display (FPD), are currently the most
popular class of display devices. In FPD, Liquid Crystal
Display (LCD) is the earliest developed and commercialized
product. At present, thin film transistor liquid crystal dis-
plays (TFT-LCD) have become a mainstream product in
LCD applications.

The development of TFT-LCD has gone through a long
period of basic research, and after achieving large-scale
production and commercialization, TFT-LCD products are
made larger in size and wider in application due to their
advantages of thinness, being environmentally friendly, high
performance, etc. TFT-LCD applications can be seen every-
where, whether in small-sized mobile phone screens or
large-sized notebook PCs or monitors and large-sized liquid
crystal televisions (LCD-TV). Early commercial TFT-LCD
products basically uses a Twisted Nematic (TN) display
mode, and the largest problem thereof is that the viewing
angle is not large enough. With the increase in the size of
TFT-LCD products, especially for the application of TFT-
LCD in the TV field, an In-Plane Switching (IPS) display
mode with a wide viewing angle characteristic has been
developed and utilized. The IPS display mode was first
published in a paper in 1974 by American R. Soref, and
German G Baur proposed the application of IPS as a wide
viewing angle technique to TFT-LCD. In 1995, Hitachi,
Japan developed the first 13.3-inch IPS mode wide viewing
angle TFT-LCD product in the world. Korean Hyundai
Corporation has developed a Fringe Field Switching (FFS)
display mode TFT-LCD product on the basis of IPS.

TFT-LCD 1is a liquid crystal display device under the
control of a TFT switch, and the electrical and optical
characteristics of liquid crystals directly affect the display
effect. Different types of liquid crystals have different elec-
trical and optical characteristics and different display modes.
Performance parameters that have a larger influence on
liquid crystal materials used for TFT-LCD include: a work-
ing temperature range, a driving voltage, a response speed,
a contrast ratio, a hue, a tone, a viewing angle, etc., wherein
the driving voltage is more affected by the dielectric constant
anisotropy and the elastic coeflicient, and the viscosity and
elastic coefficient affect the response speed of a liquid crystal
material, and the phase difference and refractive index
anisotropy affect the hue of the liquid crystal display. In the
past, those cyano-containing compounds cannot satisfy
these conditions, and only fluorine-containing liquid crystal
materials are applicable for the manufacture of TFT-LCDs.

In addition, one kind of liquid crystal molecules cannot
meet all the requirements of TFT-LCD display, and a com-
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bination of many kinds of liquid crystal molecules is nec-
essary. By combining many kinds of liquid crystal mol-
ecules, various physical property requirements for liquid
crystal materials can be achieved, and these requirements
mainly include 1) a high stability. 2) a moderate birefrin-
gence. 3) a low viscosity. 4) a larger dielectric anisotropy. 5)
a wide temperature range. The ideal storage temperature
range is -40° C. to 100° C. and in the case of special
applications such as vehicle display, the temperature may be
widened to -40° C. to 110° C.

Nowadays, technologies for LCD products have been
very mature, successfully solving the technical difficulties of
a viewing angle, a resolution, a colour saturation, a bright-
ness, etc., and the display performance thereof has
approached or exceeded those of CRT displays. Large-sized
and medium-sized LCDs have gradually occupied the main-
stream position of flat panel displays in the respective fields
thereof. In order to pursue higher performance specifica-
tions, accelerating response time has become the goal pur-
sued by various device manufacturers.

Specifically, the response time of a liquid crystal is limited
by the rotary viscosity yl/elastic constant K of the liquid
crystal, and therefore from the viewpoint of the liquid crystal
material, it is necessary to try to reduce the rotary viscosity
y1 of the liquid crystal medium while increasing the elastic
constant K to achieve an accelerated response time. Further-
more, it is found in actual researches that the rotary viscosity
and elastic constant are a pair of contradictory parameters;
lowering the rotary viscosity causes the elastic constant to
decrease, leading to a failure of achieving the target of
reducing the response time. For devices, the goal of accel-
erating response time can be achieved by reducing cell
thickness d, and this is easy to implement; however, since
the delayed amount And of a device is fixed, it is required to
increase the optical anisotropy An thereof in terms of liquid
crystal material for reducing cell thickness d.

Therefore, in order to meet the above-mentioned require-
ments, it is necessary to develop a series of compounds with
superior performance to solve the problem of the liquid
crystal display having a low response time.

SUMMARY OF THE INVENTION

In view of the problem that negative liquid crystal com-
pounds with terminal alkyl group-based cyclohexenyl has
been patented and the technical problems of negative liquid
crystal compounds containing cyclohexyl with a cyclopentyl
substituent having a low refractive index, the present inven-
tion is intended to provide a liquid crystal medium of a
negative liquid crystal compound containing cyclopentyl
cyclohexenyl. The liquid crystal composition has an optical
anisotropy in the range of 0.080 to 0.150, a wide nematic
temperature range, a good low temperature performance, a
good intermiscibility, and also good light and heat stabilities,
and further has a low rotary viscosity and a faster response
time, and the iquid crystal composition is suitable for high
performance displays.

In order to solve the above-mentioned technical problems,
the technical solution used by the present invention is as
follows:

the present invention provides a liquid crystal composi-
tion, characterized in that said liquid crystal composition
comprises a first component consisting of one or more
compounds represented by general formula I, a second
component consisting of one or more compounds repre-
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sented by general formula II, and a third component con-
sisting of one or more compounds represented by general
formula III:

)

(an

()

wherein

R,. R,, Ry, R, and R; each independently represent an
alkyl group having a carbon atom number of 1-5, an alkoxy
group having a carbon atom number of 1-5 or an alkenyl
group having a carbon atom number of 2-5, wherein any
CH, in the groups represented by R, and Ry may be substi-
tuted with a cycloalkylene having a carbon atom number of
3-5;

m represents 1 or 2, and n represents 0 or 1;

Z represents a single bond, —COO—, —CH,O0— or
—CH,CH,—;

4@ o
4@7 repres ent O

%}{&{&
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Due to the use of the above-mentioned technical solution,
the technical progress achieved by the present invention lies
in that

the invention discloses a negative dielectric anisotropy
liquid crystal medium, which has an excellent performance
and an optical anisotropy in the range of 0.080 to 0.150, and
has a low rotary viscosity, a faster response time, an appro-
priate negative dielectric anisotropy and a good low tem-
perature reliability, and the liquid crystal medium is very
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suitable for the manufacture of VA mode liquid crystal
display elements, particularly suitable for active matrix
display elements such as active matrix displays using FFS or
IPS, MVA, PVA, PSVA and UV>A effects.

The compound represented by general formula I as pro-
vided by the present invention not only evades the patent-
ablity problems of negative liquid crystal compounds with
alkyl as a terminal group, but also improves the clearing
point and the K33 value thereof due to the introduction of
the cyclopentyl substituent; and due to the introduction of
cyclohexenyl, the refractive index of the negative liquid
crystal compound is improved compared to those involving
cyclohexyl. Thus, a liquid crystal medium containing a
liquid crystal compound represented by general formula I
has a high clearing point, a large dielectric anisotropy, a
large K33 value, and a high refractive index. Since the liquid
crystal compound represented by general formula I has such
advantages, it will become a desired liquid crystal com-
pound for liquid crystal media for active matrix display
elements in the future.

A dielectrically neutral compounds represented by gen-
eral formula II as provided by the present invention genet-
ally have a smaller viscosity and a good mutual intersolu-
bility. According to actual requirements, a compound of
general formula II can be added in an appropriate amount to
adjust various properties of the liquid crystal medium.

Among the dielectrically negative compounds repre-
sented by general formula 1T as provided by the present
invention, compounds having a linear alkyl group at the
terminal can be used to reduce the pretilt angle of the liquid
crystal to improve the black state of the liquid crystal,
improve the contrast ratio and adjust the degree of order of
the liquid crystal, so as to improve the residual image level
of the liquid crystal in a display device; since compounds
having a linear alkenyl group at the terminal has a large K
value, the fall time of the response time thereof can be
indirectly increased, due to the effect of its own elastic
constant, after the power is removed.

A further improvement of the technical solution of the
present invention lies in that in said liquid crystal compo-
sition, the content in mass percentage of the first component
is 1-55%, the content in mass percentage of the second
component is 1-55%, and the content in mass percentage of
the third component is 1-50%.

A further improvement of the technical solution of the
present invention lies in that said compound represented by
general formula I is specifically a compound represented by
formulas I1 to [3:

an

F F
’ ‘ O OcrHZH-I,
1)
F F
’ ‘ O ’ Hzrﬂ, .
(&)
F F
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said compound represented by general formula IT is
specifically a compound represented by formulas 111 to 115,

R24<:>_<:>7R3’
RZ@_QR37

()

)

)

(I14)

(11s)

said compound represented by general formula III is
specifically a compound represented by formulas III1 to

1117,

les]

F T

I F T

E F F
E F F F

O RS’
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-continued

O RS,
F

F T
O RS’
O RS‘
i

)

(II18)

(1119)

(ITI10)

(1)

(I12)

(LM 3)

(ITT14)

(I1115)

F F
R44<:>_<:>7CH2_04©;R5,

E F

Ry CH,—CH;

(L 6)

(Im7

Rs,
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wherein
r represents an integer of 1 to 5; and

R,, R;, R, and R, each independently represent an alkyl
group having a carbon atom number of 1-5, an alkoxy group
having a carbon atom number of 1-5 or an alkenyl group
having a carbon atom number of 2-5, wherein any CH, in the
groups represented by R, and Ry may be substituted with a
cycloalkylene having a carbon atom number of 3-5.

Preferably, said compound represented by general for-
mula I is specifically a compound represented by formulas
I1-1 to 13-10:

(11-1)
F F
. ‘ O OCH},
(11-2)
F F
OC2H5’
(11-3)
F F
OC3H7:
(11-4)
F F
’ ‘ O OC4H9’
(11-5)
F F
(12-1)
F F
(12-2)
F F
(12-3)
F F
’ ‘ O C3H7
(12-4)
F F
’ ‘ O C4H9
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-continued
(12-5)
F F
3-1)
E F

(13-2)

(13-3)

(13-4)

(13-5)

F F
(13-6)
F F
B-7)
F F
(13-8)
F F
13-9)
F F

=

(13-10)

F F

Preferably, said compound represented by general for-
mula I is specifically a compound represented by formulas
111-1 to II5-4,
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-continued
11-1) (114-3)
CsH; / \
5 CH;
(111-2)
/ (T14-4)
C3Hy /
(111-3) 10 CH;
(I11-4) ;s C3H,
15
C3H7 C4Hg
(I15-2)
(111-5)
C,H. CsH
C3H7@—QC5HII 20 255 sHiy
(111-6) (I15-3)
OO OO0
25
112-1
a2 (I15-4)
C3H7@_QOCZHS \
(112-2) 5 . Q Q
Preferably, said compound represented by general for-
(I2-3)  mula I is specifically a compound represented by formulas
35 MM1-1 to TI117-3,
CsHyy OCHs
(I12-4) (II1-1)
F F
CsHyy GH; 0
(I13-1) GH;, 0OC,Hs,
CsHy, CH, (II11-2)
F F
a2y P
CoH50 OC,H.
111-3
13-3) P F (-9
50
CsH,, OCH;
C4HgO 0G5,
(I13-4)
(I2-1)
Csi 0G, 1 »
5T 2Hs5 F F
(114-1)
Gl 0C, 1,
60
Gty CHs (1112-2)
{114-2) K F

C3H, OCH; 65 CsHyy OC,Hs,
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(1I12-3)
F F
CHs OC,Hs,
(1112-4)
F F
C4H9 OC2H59
(1112-5)
F F
C3H; CH;s,
(1112-6)
F F
C2H5 CH3>
(1I13-1)
F F
(1113-2)
F F
CZHS OCZHS
(1113-3)
F F
C4H9 OCZHS
(1113-4)

F F
CSHI lm OCZHS

(II13-5)
F T

(I113-6)
F F

’ . O O OC4H9

10

1

o

30

35

40

50

55

12

-continued
(II13-7)

<

(III3-8)

OO0

(I14-1)

C3H7 m OC2H5

(I114-2)

(IT14-3)

C3H7MCH3

(I114-4)

CZHS MCH3

(II15-1)

(IT15-2)

CSHI IM OC2H5

(I115-3)

C3H7MCH3

les]
i
les]

e
oo}
5]

i
i
5]

5]
i
les]

e
i
5]



US 10,519,377 Bl

13
-continued
(T115-4)
F F F
ClHSCH}
(1116-1)
F F F F
C3H7 OCZHS
(116-2)
F F F F
CSHI 1 OC2H5
(1116-3)
F F F F
C3H7CH3
(I116-4)
F F F F
CZHSCH3
7-1)
F F
(WM7-2)
F F
ch HOC4H9
(1117-3)
F F
CZH)OHOCZHS
(I117-4)
F F
CZH)OHOC4H9
(1118-1)
F F
C3H7m OCZHS
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(I118-2)
F F
CSHI IOCZHS
(1118-3)
F F
(1119-1)
F F F
C3H7 OCZHS
(I119-2)
F F F
C3H7 OC4H9
(1119-3)
F F F
CSHI 1 OCZHS
(I10-1)
F F F
(I10-2)
F F F
(IT10-3)
F F F
CSHI 1 OCZHS
(IM11-1)
F F F F
(IM11-2)
F F F F
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-continued
(II111-3)
F F F F
CSHI 1 OC2H5
(I12-1)
F F
I
C3H74<:>7C_O OCZHS
(II12-2)
F F
I
C3H74<:>—C—O OCHj;
(I112-3)
E F
I
(II113-1)

e}
2]
2]

o=

I
o

X ox

C3H; 0C,H;

(II113-2)

S ¢

CyH, 0C,H;
(I1113-3)
F F
(0]
Il
C5H11 Cc—0 OC2H5
(I114-1)
F F
e ‘<:>7 e @OCZHS
(11114-2)
F F
C4H9 ‘<:>7 CH2 - @Ocz}k
(I1114-3)
S F
CSH] I@CHZ_O@OCZHS
(IT115-1)

Gl

E F
CH,—0 @7 OCyHs,

:
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16
-continued
(I15-2)
E F
(ITN15-3)
F F
(L16-1)
C3H74<:>7 _CH7©70C2H5,
(IT16-2)
CAHQO _CHZGOCZHS
(ITl16-3)

(IM17-1)

F F
C3H74<:>_<:>7 CHZ - CH2 @7 OC2H5
(I117-2)
F F
C4H9 O_Q CH2 - CH2 @7 OC2H5

(II117-3)

F F
cm—cm«{j—oozm

A further improvement of the technical solution of the
present invention lies in that said liquid crystal composition
further comprises a fourth component consisting of one or
more compounds represented by general formula 1V, with
the content in mass percentage of said fourth component in
said liquid crystal composition being 1-30%,

CsHyy

:

{Iv)

e
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wherein

R, represents a linear alkyl group having a carbon atom
number of 1-5, wherein any CH, may be substituted with a
cycloalkylene having a carbon atom number of 3-5; and

R, represents a linear alkyl group having a carbon atom

number of 1-5.

A further improvement of the technical solution of the
present invention lies in that said compound represented by
general formula IV is specifically a compound represented

by formulas V1 to IV5:

F F

I F

E F

.
e
e

R¢ C3Hy,
F F
OO
F F
OO
wherein

av1)

(Iv2)

(Iv3)

(IV4)

and

(IV5)

R, represents a linear alkyl group having a carbon atom
number of 1-5, wherein any CH, may be substituted with a

cycloalkylene having a carbon atom number of 3-5.

Preferably, said compound represented by general for-
mula IV is specifically a compound represented by formulas

IVI-1 to IV5-1:
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-continued
avi-3)
F F
AV1-4)
F F
C4H9 CH3
IV1-5)
F F
CSH] 1 CH3
av1-6)
F F
(IV1-7)
F F
avz-1)
F F
C2H5 CZHS
(IV2-2)
F F

CH,

(IV2-4)
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-continued
(IV2-5)
F F
(IV2-6)
F F
(IV3-1)
F F
e o
(IV3-2)
F F
(1V3-3)
F F
(IV3-4)
F F
’ O O O C3H7
(IV3-5)
E F
(IV4-1)
F F
C4H9 O O O C4H9
(IV4-2)
F F
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-continued
(IV5-1)
F F

CSH“ O O O CSH”

A further improvement of the technical solution of the
present invention lies in that said liquid crystal composition
further comprises a fifth component consisting of one or
more compounds represented by general formula V, with the
content in mass percentage of said fifth component in said
liquid crystal composition being 1-15%,

4]

wherein

Ry and R, each independently represent an alkyl group
having a carbon atom number of 1-5, an alkoxy group
having a carbon atom number of 1-5 or an alkenyl group
having a carbon atom number of 2-5, wherein any CH, in the
groups represented by Ry and R, may be substituted with a
cycloalkylene having a carbon atom number of 3-5;

and W represents O or S.

A further improvement of the technical solution of the
present invention lies in that said compound represented by
general formula V is specifically a compound represented by
formulas V1 to V2:

Vi

F F
S
v2)
E F
o}

wherein

Rg and R, each independently represent an alkyl group
having a carbon atom number of 1-5, an alkoxy group
having a carbon atom number of 1-5 or an alkenyl group
having a carbon atom number of 2-5, wherein any CH, in the
groups represented by R; and Ry, may be substituted with a
cycloalkylene having a carbon atom number of 3-5;

Preferably, said compound represented by general for-
mula IV is specifically a compound represented by formulas
V1-1 to V2-2:
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F o F
E>7CH20R91
F o F
D_CHZO O O Rgl
(V2-1)
T S F
E>7CHZO R91 d
an

V2-2)

V1-1)

(V1-2)

F S F

Dl

A further improvement of the technical solution of the
present invention lies in that said liquid crystal composition
further comprises a sixth component consisting of one or
more compounds represented by general formula VI, with
the content in mass percentage of said sixth component in
said liquid crystal composition being 1-15%,

(VD
F 0 F

wherein R, and R, each independently represent an
alkyl group having a carbon atom number of 1-5, an alkoxy
group having a carbon atom number of 1-5 or an alkenyl
group having a carbon atom number of 2-5, wherein any
CH, in the groups represented by R,, and R;; may be
substituted with a cycloalkylene having a carbon atom
number of 3-5.

Preferably, said compound represented by general for-
mula IV is specifically a compound represented by formulas
VI1 and VI2,

(VIL)
F 0 F

10

15

20

25

30

35

40

45

50

55

60

22

-continued
(VI2)
F (0] F

CHZO O O R“l

wherein each R, represents an alkoxy group having a
carbon atom number of 1-5.

The present invention further discloses a liquid crystal
display element or liquid crystal display comprising the
above-mentioned negative dielectric anisotropy liquid crys-
tal composition, said display element or display being an
active matrix display element or display or a passive matrix
display element or display.

Due to the use of the above-mentioned technical solution,
the technical progress achieved by the present invention lies
in that

The liquid crystal medium disclosed in the present inven-
tion has an excellent performance, an optical anisotropy in
the range of 0.080 to 0.150, a low rotary viscosity, a fast
response time, and good chemical, optical and thermal
stabilities, and is very suitable for manufacturing liquid
crystal display elements or displays, particularly suitable for
active matrix display elements or displays, such as active
matrix displays using a VA, FFS or IPS mode.

In detail, the liquid crystal composition disclosed by the
present invention has a lower viscosity and a good compat-
ibility with other liquid crystal compounds, and has an
appropriate optical anisotropy and dielectric constant anisot-
ropy, and in the case of being used in a liquid crystal display
element, the liquid crystal composition having a fast
response characteristic and a liquid crystal display element
containing the liquid crystal composition.

Where the various components are at different ratios, the
liquid crystal compositions disclosed in the present inven-
tion will exhibit slightly different properties, in terms of
dielectric anisotropy Ae, optical anisotropy An, transition
temperature point Cp for the transformation of the nematic
phase of the liquid crystal into liquid, stability at low
temperatures, which may all be different, and the liquid
crystal compositions can be used in different types of display
devices, but the same characteristic thereof is that the rotary
viscosities v, thereof are lower. The application to liquid
crystal display devices can achieve a fast response.

DETAILED DESCRIPTION OF EMBODIMENTS

The present invention is further described in detail in
conjunction with particular examples below:

parts referred to in the following examples are all by
weight, and the temperature unit is © C., and the specific
meanings of other symbols and the test conditions are as
follows:

S-N represents the melting point (° C.) for the transfor-
mation of a liquid crystal from crystal state to nematic phase;

Cp represents the clearing point (° C.) of a liquid crystal,
with the test instrument being Mettler-Toledo-FP System
micro-thermal analyzer;

¥, 1s rotatory viscosity (mPas), with the test conditions
being: 25° C., INSTEC: ALCT-IR1, and 20 um parallel cells
or 18 pm vertical cells;

K, is a twist elastic constant, and K, is a splay elastic
constant, with the test conditions being: 25° C., INSTEC:
ALCT-IR1, and 20 um parallel cells or 18 um vertical cells;
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Ag represents dielectric anisotropy, As=s//-¢ 1, where &//
1s a dielectric constant parallel to the molecular axis, and e L
is a dielectric constant perpendicular to the molecular axis,
with the test conditions being: 25° C., INSTEC: ALCT-1R1,
and 20 pum parallel cells or 18 um vertical cells;

An represents the optical anisotropy, An=no-ne, where no
is the refractive index of an ordinary light, ne is the
refractive index of an extraordinary light, with the test
conditions being: 589 nm and 25+0.2° C.;

In the following Examples 1-6, liquid crystal compounds
are respectively weighed in proportion to prepare liquid
crystal media. All the various liquid crystal monomers used
can be synthesized by means of known methods or obtained
commercially.

The equipment and instruments used for preparing liquid
crystal media are:

(1) electronic precision balance (accuracy: 0.1 mg)

(2) stainless steel beaker for weighing a liquid crystal

(3) spoon for adding a monomer

(4) magnetic rotor for stirring

(5) controlled-temperature electromagnetic stirrer

A method for preparing a liquid crystal medium com-
prises the following steps:

(1) monomers to be used are placed in order neatly;

(2) a stainless steel beaker is placed on a balance, and the
monomers are transferred into the stainless steel beaker by
means of small spoons;

(3) the monomeric liquid crystals are added in order
according to required weights;

(4) the stainless steel beaker, to which the materials have
been added, is placed on a magnetic stirring instrument for
heating and melting; and

(5) after the mixture in the stainless steel beaker is mostly
melted, a magnetic rotor is added to the stainless steel beaker
for uniformly stirring the liquid crystal mixture, and after
cooling to room temperature, the liquid crystal medium is
obtained.

In the examples of the invention of the present applica-
tion, liquid crystal monomer structures are represented by
codes, and codes for ring structures, terminal groups and
linking groups of liquid crystals are represented as in Tables
(D) and (II) below

TABLE 1

Corresponding code for ring structure

Ring structure Corresponding code

C

10

15

20

25

30

40

45

50

55

65
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TABLE I-continued

Corresponding code for ring structure

Ring structure Corresponding code
F GI
s F Y

Sc

Sb

:O i Sa

TABLE 11

Corresponding code for
terminal group and linking group

Terminal group and Corresponding
linking group code
CHopry 1

= n0
—CH,0— (6]
—CO0— z
—CH,CH,— E
—CH,—CH,— v

: Cpr

For example,
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expressed as 3CCV1, _continued
General Code for Monomer Performance
F T Component formula monomer content/% parameter
3 Fourth IV 2PYP3 5
component
Gl CH;0 OCHs Sixth VI CprlOSbO4 3
component
expressed as 3CCOYO2. 10
Example 4
Example 1
15 General Code for Monomer Performance
Component formula monomer content/% parameter
General  Code for Monomer  Performance
Component formula  monomer content/%  parameter First I CpLYO2 10 S-N: s-40° C.
component I CpLYO3 10 Cp: 77° C.
First I CpLYO2 2 S-N: =-40° C. 1 CpLYV1 10 An: 0.113
component I CpLYO3 2 Cp:75° C. Second I 3CCV 27 1, 1.600
Second I 3CCV 37 An: 0.100 20 component I 3CCPO1L 6 Age: —4.0
component I 3CPO2 2 n,: 1.585 11 1VCPP2 2 £,:8.0
I 3CCPL 7 Ae: 3.0 Third I 3CYO2 2 Ky/Ksy
1I 1VCPP2 4 €,:6.8 component I 3CCYO2 5 147156
Third 1II 3CYO2 2 Ky /Ky I 2CCYO2 8  y;:105.9 mPa- s
component 11 3CYO4 6 12.1/13.2 I 2CPYO2 1
11 3PYO2 10 1664 mPa-s 95 Il 3PPYO? 35
11 2CCYO2 4 I  SPPYO?2 5
11 3CCOYO2 14 Il 2CCOYO2 3
11 5PPY02 10 Fourth IV 2PYP3 2
component
TFifth vV  CprlOScO5 2
30 compornent
Example 2 Sixth VI 508204 2
component
General  Code for Monomer  Performance 15 Example 5
Component formula  monomer content/%  parameter
First I CpLYO2 2 S-N: s-40° C.
component Cp: 85° C.
Second il 3CCV 40 An: 0.100 General Code for Monomer Performance
component il 3CPO2 6 n,: 1.585 Component formula monomer content/% parameter
I 3CCPL Ae:-2.9 40 =
I 3CCPOL 5 6y 6.4 First I CpLYO2 8 S-N: =-40° C.
I IVCPP2 6 K /Kas: component I CpLYO3 7 Cp: 73° C.
I 3CPP2 3 14.6/14.8 Second I 2CC3 8 An: 0.124
Third I 3CCOYO02 10 41 872 mPa - s component I 5CPP2 2 sl
compaonent I 2CCOYO2 10 Third I 3CYO2 10 Ae: =5.0
I 1PYO2 5 45 component I 5CYO2 15 €,:96
11 SPPYO2 4 I 5CCYO2 10 K /Kaa:
Sixth VI Cpl0Sa04 9 I 3CCYO2 10 12.4/13.3
compaonent I 2CPYO2 10 ¥y 176.2 mPa - s
I 2PGIYO2 5
Fourth v 2PYP3 5
component IV CprlPYP2 5
50 sixth VI CplOSaO4 5
Example 3 component
Example 6
General Code for Monomer Performance 55
Component formula monomer content/% parameter
First I  CpLYO2 5 S-N: =-40° C.
component Cp: 92° C. General Code for Monomer Performance
Second I 3ce2 20 An: 0.116 Component formula monomer content/% parameter
component II  3CCPO1 5 n,.: 1.459 60
I 5CPP2 5 Ae: -3.2 First I CpLYO2 10 S-N: =-40° C.
II  3CPP2 5 €,:64 component I CpLYO3 5 Cp: 66° C.
Third I 3CYO2 9 K /Kaa: I CpLyo4 5 An: 0.101
component IIT  3CYO4 10 14.0/13.9 Second I 3ccv 10 n,.: 1.390
I 2CCYO2 7 Y;:96.8 mPa * s component I 35CC3 5 Ag: -3.3
I 2CPYO2 3 I 2ccs 20 €74
I 2CGIYO2 2 65 I 3CPP2VI 8 K, /K
I 3PPYO2 10 I 1VCPP2 5 11.8/13.0
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General Code for

Monomer Performance

Component formula monomer content/% parameter

I 3CPP2 7 y,: 764 mPa - s

I 3CCPO1 5
Third I 3CCOYO2 2
component
Fifth vV CPrlOSbO4 4
component VvV  CprlOScO5 3

vV 508b02 3
Sixth VI 505204 4
component VI CPr1OSa02 4

Example 7
General Code for Monomer Performance

Component formula monomer content/% parameter
TFirst I  CpLYO2 2 S-N: s-40° C.
component I CpLY3 2 Cp: 79° C.

I CpLyvl 2 An: 0.142
Second I 3ccv 3 n,: 1.640
component I 2CC3 3 Ae: 4.4

I 5CC3 3 £,:88

I 3CPP2V1 5 Kiv/Kaa:

I 3CPP2 5 13.4/14.4

I 3CCPO1 5 y;: 140.2 mPa - s

I 5PP1 5

I 3CPO2 5
Third I 3CYO2 5
component IIT  3PYO2 S

I 20PYO2 5

I 3CCYO2 5

I 3CPYO2 5

I 3CGIYO4 5

I 5PPYO2 5

I 3PGIYO4 5

I 2CCOYO2 3

I 3C0YO2 4
Fourth v 2PYP3 2
component IV CprlPYP3 2
Fifth V  CprlOScO5 2
component vV  508b0O2 2
Sixth VI 508204 2
component VI CPr1OSaQ2 3

Example 8
General Code for Monomer Performance

Component formula monomer content/% parameter
First I  CpLYO2 10 S-N: =-40° C.
component Cp: 72° C.
Second I 3CCcv 30 An: 0.103
component I 1vCep2 5 n,: 1.590
Third I 3CYO4 10 Ae: -3.8
component I 5CYO2 4 €,.:79

I 5CCYO2 8 K /K 11.4/11.8

I 3CCYo2 8 ¥,: 86.2mPa + s

I 2CPYO2 7

I 3CPYO2 8
Fourth V. 2PYP3 5
component
Sixth VI CPrlOSa04 5
component

10

15

20

25

35

40

45

50

65

28

Comparative Example 1 with Respect to Example 8

General Code for

Monomer Performance

Component formula monomer content/% parameter
— — 3LYO2 10 S-N: =-40° C.
Second I 3cev 30 Cp: 70° C.
component I 1VCPP2 5 An: 0.101
Third I 3CYO4 10 n, 1.589
component I 5CYO2 4 Aer -3.8
I 5CCYO2 8 e 7.7
I 3CCYO2 8 K /K330 12.8/14.0
I 2CPYO2 7 y;:845mPa-s
oI 3CPYO2 8
Fourth V. 2PYP3 5
component
Sixth VI CPrlOsa04 5
component

Comparative Example 2 with Respect to Example 8

General Code for

Monomer Performance

Component formula monomer content/% parameter
Third I CpCYO2 10 S-N: =-40° C.
component Cp: 72° C.
Second I 3cev 30 An: 0.100
component I 1VCPP2 5 n,: 1.586
Third I 3CYO4 10 Ae: -3.8
component I 5CYO2 4 €,:79
I 5CCYO2 8 K /Kas: 11.1/11.6
I 3CCYO2 8 ¥,:93.7mPa s
I 2CPYO2 7
I 3CPYO2 8
Fourth IV 2PYP3 5
component
Sixth VI CPrlOSa04 5
component

Comparative Example 3 with Respect to Example 8

General Code for

Monomer Performance

Component formula monomer content/% parameter
Third I 3C¢Yo2 10 S-N: =-40° C.
component Cp: 70° C.
Second I 3cev 30 An: 0.099
component I 1vCPP2 5 n,: 1.584
Third Il 3CYO4 10 Ag: -3.8
component I 5CYo2 4 €79
I 5CCYO2 8 K /Kaz: 10.1/11.2
I 3CCYo2 8 y1:852mPa-s
I 2CPYO 7
Il 3CPYO2 8
Fourth IV 2PYP3 5
component
Sixth VI CPrlOSa04 5
component

Comparative Example 4 with Respect to Example 8

General Code for

Monomer Performance

Component formula monomer content/% parameter
— — 3CLYO2 10 S-N: =-40° C.
Second I 3ccv 30 Cp: 80° C.
component II  1VCPP2 5 An: 0.106
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-continued

General Code for Monomer Performance

Component formula monomer content/% parameter

Third I 3CYO4 10 n,: 1.593

component I 5CYO2 4 Ag: -3.8
I 5CCY02 8 €1 7.7
I 3CCY02 8 K, /Ks3: 13.3/14.5
I 2CPYO2 7 yi: 1152 mPa - s
I 3CPYO2 8

Fourth v 2PYP3 5

component

Sixth VI CPr1OSa04 5

component

Comparative Example 5 with Respect to Example 8

General Code for Monomer Performance

Component formula monomer content/% parameter
Third oI 3PY02 10 S-N: =-40° C.
component Cp: 69° C.
Second I 3CcCcv 30 An: 0.105
component II  1VCPP2 5 n,: 1.594
Third oI 3CYO4 10 Ae:-3.7
component I 5CYO2 4 €,:8.0
I 5CCYO2 8 K, /K33: 10.2/10.8
I 3CCYO2 8  y;:840mPa-s
oI 2CPYO2 7
oI 3CPYO2 8
Fourth V. 2PYP3 5
component
Sixth VI CPrlOSa04 5
component

As can be seen from the above comparative examples
with respect to Example 8, the liquid crystal composition of
the present invention has a higher refractive index and a
lower rotary viscosity y, that those with cyclopentyl and
alkyl-based CYs and alkyl-based LYs, and although the
liquid crystal composition has a low refractive index and
clearing point with respect to those with alkyl-based CLYs,
the rotary viscosity v, thereof is particularly low; the liquid
crystal composition of the present invention when applied to
liquid crystal display can achieve a fast response, and is
particularly suitable for liquid crystal materials for VA, IPS,
and FFS modes.

The invention claimed is:

1. A liquid crystal composition, wherein said liquid crystal
composition comprises a first component consisting of one
or more compounds represented by general formula I, a
second component consisting of one or more compounds
represented by general formula II, and a third component
consisting of one or more compounds represented by general
formula III:

M

Ry,

9

Ry

n

R3 s and
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-continued

(I
F F

n

wherein

R,, Ry, Ry, R, and R, each independently represent an
alkyl group having a carbon atom number of 1-5, an
alkoxy group having a carbon atom number of 1-5 or an
alkenyl group having a carbon atom number of 2-5,
wherein any CH, in the groups represented by R, and
R may be substituted with a cycloalkylene having a
carbon atom number of 3-5;

m represents 1 or 2, and n represents 0 or 1;

7 represents a single bond, —COO—, —CH,O0— or

—CH,CH,—;
and/or 4@7; and
represent 4@7,

-
}_

)
RoS
-
O

0

_<

0

2. The liquid crystal composition according to claim 1,
wherein said liquid crystal composition, the content in mass
percentage of said first component is 1-30%, the content in
mass percentage of said second component is 10-65%, and
the content in mass percentage of said third component is
1-50%.

3. The liquid crystal composition according to claim 1,
wherein said compound represented by general formula I is
a compound represented by formulas 11 to I3:

an

OCrHap 1,

9
9

1)

CiHopey,  and
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-continued

(13
F F

‘ O Cerr-l;

said compound represented by general formula II is a
compound represented by formulas 111 to II5,

(N

am)
()
(3)
(14)

said compound represented by general formula III is a
compound represented by formulas 1111 to 11117,

(1)
F F

R4 4<:>_<i>7 RS,
(I12)

F F

R4 4<:>_<:>_©7R5’

(II3)

F F
(I114)

F F F

Rs,

(III5)

i
5]

Rs,

7

10

15

20

25

30

35

40

45

50

55

65

32

-continued

e sl
o
\e sl
les]

ies]
5]

F F
R4‘<:>7CH2_04©7R5,
E

O RS,
O RS!
F

(I116)

i)

(1II8)

(1I19)

(I1110)

(I 1)

(I112)

(I1113)

F F
0
Ry C—o0 Rs,

(Il114)

(15

Rs,

(ITI16)
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-continued

R44<:>_<:>7CH2_CH2

wherein

Ty

Rs,

r represents an integer of 1 to 5; and

R,, R;, R, and R, each independently represent an alkyl
group having a carbon atom number of 1-5, an alkoxy
group having a carbon atom number of 1-5 or an
alkenyl group having a carbon atom number of 2-5,
wherein any CH, in the groups represented by R, and
Rs may be substituted with a cycloalkylene having a
carbon atom number of 3-5.

4. The liquid crystal composition according to claim 1,
wherein said liquid crystal composition further comprises a
fourth component consisting of one or more compounds
represented by general formula 1V, with the content in mass
percentage of said fourth component being 1-30%,

av)

wherein

R, represents a linear alkyl group having a carbon atom
number of 1-5, wherein any CH, may be substituted
with a cycloalkylene having a carbon atom number of
3-5; and

R, represents a linear alkyl group having a carbon atom
number of 1-5.

5. The liquid crystal composition according to claim 4,
wherein said compound represented by general formula TV
is a compound represented by formulas IV1 to IV3:

(V1)
E F

(Iv2)
F F

(IV3)
F F
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-continued
(Iv4)
F F
R6 O O O C4H9, "
{Ivs)
F F
R6 O O O CSHl ’

wherein

R represents a linear alkyl group having a carbon atom
number of 1-5, wherein any CH, may be substituted
with a cycloalkylene having a carbon atom number of
3-5.

6. The liquid crystal composition according to claim 1,
wherein said liquid crystal composition further comprises a
fifth component consisting of one or more compounds
represented by general formula V, with the content in mass
percentage of said fifth component being 1-15%,

V)

wherein

R; and R, each independently represent an alkyl group
having a carbon atom number of 1-5, an alkoxy group
having a carbon atom number of 1-5 or an alkenyl
group having a carbon atom number of 2-5, wherein
any CH, in the groups represented by Ry and R, may be
substituted with a cycloalkylene having a carbon atom
number of 3-5;

and W represents O or S.

7. The liquid crystal composition according to claim 1,
wherein said liquid crystal composition further comprises a
sixth component consisting of one or more compounds
represented by general formula VI, with the content in mass
percentage of said sixth component being 1-15%,

(VD

wherein R, and R, each independently represent an
alkyl group having a carbon atom number of 1-5, an
alkoxy group having a carbon atom number of 1-5 or an
alkenyl group having a carbon atom number of 2-5,
wherein any CH, in the groups represented by R, and
R,; may be substituted with a cycloalkylene having a
carbon atom number of 3-5.

8. Aliquid crystal display element or liquid crystal display
comprising the liquid crystal composition of claim 1,
wherein said display element or display is an active matrix
display element or display or a passive matrix display
element or display.
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9. The liquid crystal display element or liquid crystal
display according to claim 8, wherein said active matrix
display element or display is a TN-TFT, IPS-TFT or VA-
TFT liquid crystal display element or display.

N I I

36
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