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Physical Property of New Liquid Crystal
Materials and Mixture Design for Active Matrix
LCD

YOSHINORI IWASHITA, MASAKAZU KANEOYA,
KIYOFUMI TAKEUCHI, SADAO TAKEHARA and
HARUYOSHI TAKATSU

Liquid Crystal Materials Division, Dainippon Ink & Chemicals Inc., 4472-1
Komuro, Ina-Machi, Kitaadachi-Gun, Saitama 362-8577, Japan

We studied the physical properties of three series of new fluorinated liquid crystal compo-
nents and prepared some mixtures by using these components. Decahydronaphthalenes have
low An with relatively high Tyy;. Naphthalenes and Tetrahydronaphthalenes have large Ae and
variety range of An (0.08-0.21). Moreover, we have revealed that the fluoro- substituent at
C-1 position for the naphthalene and the tetrahydronaphthalene ring has effects to increase
Ty and to reduce y; with good solubility. Then, we have designed some LC mixtures for
AM-LCD having good performance with 4V-driving, quick response, high birefringence, low
birefringence, wide temperature range and low driving voltage.

Keywords: Fused Ring; Decahydronaphthalenes; Tetrahydronaphthalenes; Naphthalenes;
AM-LCD

INTRODUCTION

Recently, active matrix liquid crystal display (AM-LCD) demands high
characteristics such as quick response, low viscosity, a variety of
birefringence and low driving voltage.

We are interested in the liquid crystals of fused ring
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systems!"**! with some positions which can be substituted by the fluoro
groups. In this paper, we have developed some series of LC
components such as Decahydronaphthalenes, Naphthalenes, and
Tetrahydronaphthalenes of fused ring systems which are quite new
especially as LC components for AM-LCD. The physical and
electro-optical properties of these components were evaluated. The
LC components with tetrahydronaphthalene and naphthalene rings have
the interesting properties for the design of LC mixtures with high
quality for AM-LCD.

EXPERIMENTAL

We prepared the LC mixtures including 20 wt% of each single
component in host LC. We carried out the following measurements by
using these LC mixtures;

The nematic-isotropic phase transition temperature Ty, the
crystal-, grassy- or smectic-nematic phase transition temperature T..,,
the birefringence An and the dielectric anisotropy Ae were measured.
The measurements of An and Ae were carried out at 25 °C. The value
of An and Ae were obtained by extrapolation.

The 7 / ku, which are related to the response time, were
determined from the decay response time 7 using the following

equation 1*);
2
o =(2) o
f
n) ky

where d, y; and ky; show the cell thickness, the rotational viscosity and
the elastic constant of splay, respectively. The measurements were
also carried out at 25 °C.

Rectangular waves of 1 kHz were applied to a twisted nematic
cell, and then transmitted light was detected by a photo diode in
normally white mode. The threshold voltage Vi, was measured at the
90 % of transmittance in 6 um of cell thickness. Response time 7, = 7,
was measured at the voltage where the rise and the decay response time
indicate a same value. These measurements were also carried out at
25°C.
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RESULTS AND DISCUSSION

The synthetic methods and the physical properties of
Decahydronaphthalenes and Naphthalenes were reported in previous
papers (6],

Tetrahydronaphthalenes
Tetrahydronaphthalene ring has many substitution positions which can

be substituted by fluoro groups. The x conjugation length of
tetrahydronaphthalene-phenyl system is nearly same as that of biphenyl
ring. Table 1 shows physical properties of Tetrahydronaphthalenes.
Tetrahydronaphthalenes have large Ae and moderate An and reduce the
driving voltage.

TABLE 1  Properties of Tetrahydronaphthalenes

Tm T w w ik

Phase o o A6 An ;
g [q [m’s)
F
%‘%F ce3l 757 14 228 0082 75x10°
F F
F
C,Her_QF ast 812 14 172 0101 6.7x10°
F
F
C:“v‘Cb—QF aust 809 13 121 0100 104x10°

F
F F
C’"’_O'Cb{}l? arsaNBssl 1187 -3 179 0140 7.5x10°
F
F
O Cr  amsvms 1181 3 113 0140 139107
F

Host - 1167 11 48 009 49x10°
* 20 % of addtion in host LC ** Extrapolated

Relationship between Ae and An of Fused Ring Components
Figure 1 shows the relationship between Ae and An of fused ring
components and low viscosity components. In general,
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Decahydronaphthalenes have small A¢ and low An. Naphthalenes
have large Ae and high An. Some of Tetrahydronaphthalenes indicate
large Ae with comparatively low An. We have already developed the
tolan derivatives and the low viscosity components having high An with
small As and low An with very small Ag, respectively. Consequently,
the LC mixtures including these four series of LC systems can cover
very wide range of A€ and An.

25
A
g .t
-§, 15+ A o © Decahydronaphthalenes
E1l o5 o o Naphthalenes
e o » Tetrahydronaphthalenes
g SR %o% o Low viscosity components
0 L , + Host LC

0 005 0.1 015 0.2 02§
An (extrapolated)

FIGURE1 Relationship between Ae and An

Effects uoro-substituents r___Naphthalenes and
Tetrahydronaphthalenes

Figure 3 shows the relationship between y; / k1; and A¢ of Naphthalenes.
While, the fluoro-substituents of the practical fluorinated LC
components reduce the Ty and increase y, / ky;. Each fluorinated
naphthalene derivative at C-1 position shows rather lower y; / k;; than
unsubstituted derivatives. There is small difference of Tx; between the
substituted and the unsubstituted derivatives. Tetrahydronaphthalenes
indicate a similar behavior. Figure 4 shows the relationship between
71 / kn and Ae of Tetrahydronaphthalenes. In the case of
Tetrahydronaphthalenes, the effect of the fluoro-substituents to reduce
71 [ ki is extremely large. Therefore, the fluoro-substituents of
Naphthalenes and Tetrahydronaphthalenes improved the response time
with reducing the driving voltage.
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FIGURE2  Effect of fluoro-substituent for Naphthalenes
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Ag (extrapolated)
FIGURE3 Effect of fluoro-substituent for Tetrahydronaphthalenes

Table 2 shows kn, y1 andyy / k& of Naphthalenes and
Tetrahydronaphthalenes. = The value of k;; was evaluated by
Freedericksz transition method. The value of y; was obtained from



Downloaded by [University of California, San Diego] at 02:36 16 August 2012

856

YOSHINORI IWASHITA et al.

values of k;; and v, / ky;.  There is small difference on kq; between the
fluorinated fused ring and the unfluorinated fused ring. Therefore, the
variation of y reduces the response time. The reason why the

fluoro-substituents at C-1 position for fused ring make y; reduce is not
clear.

TABLE 2  Effect of fluoro-substituent of C-1 position on
ki, n and y / kn for naphthalene ring and
tetrahydronaphthalene ring

k"/pN y,/mPaS Y]/ku/logm.zs

%-O—Cb_c;F 100 138 139

F
F
GH; F 99 74 75
F
F
wO-Cr 94 76 80
F
GH; o 82 61 74

Mixtures for AM-LCD

Table 3 shows the LC mixtures including fused ring components.

LC mixtures S1, S2 and S3 can be applied to the LCD for
4V-driving monitors.

Mixtures Q1, Q2 and Q3 show quick response and are
applicable for the LCD-TV. Mixtures Q2 and Q3 have 16 msof =74
at And = 0.45.

Mixtures H1, H2 and H3 have high birefringence. When a
cell thickness is fixed to 3 um at the first-minimum condition of
And=0.45 for LC mixture H3, the response time is about 16 ms.
Therefore, mixture H3 with quick response is suitable for the LCD-TV.

In general, it is difficult to obtain low An LC mixtures less than
0.08 by using LC components currently used. Mixtures L1, L2 and L3
have low birefringence below 0.08. These mixtures are suitable for
reflective LCDs.



Downloaded by [University of California, San Diego] at 02:36 16 August 2012

NEW LIQUID CRYSTAL MATERIALS AND MIXTURE DESIGN

TABLE 3 Properties of LC mixtures including fused

ring components.
T T niky Vi Te=t4
[°*C] [°C] [m%] [Vms] [ms]
S1 952 31 0076 48 54 1.83 42
2 84 51 0084 56 6.8 1.63 47
S3 89 27 008 57 54 1.74 38
Q1 861 50 0088 33 38 22 26
Q2 725 24 0096 46 32 1.92 20
Q3 87 34 0123 73 4.8 1.88 A
H 915 -39 0120 101 91 1.59 4]
H2 1001 40 0120 110 110 1.61 s1
H3 877 45 0147 95 81 1.68 34
L1 %7 -28 0065 33 50 222 38
2 841 35 0070 49 54 1.66 44
3 728 47 0073 172 7.6 1.36 61
Wl 1122 <44 0084 35 53 228 39
W2 1085 -32 009 71 84 1.61 47
W3 1051 48 0128 100 96 1.73 43
vi 7.7 41 0105 108 133 1.30 66
V2 80 43 0107 98 116 1.46 49
vi 8.7 38 0113 98 103 1.49 51
V4 704 -39 0132 154 147 1.20 62
*d=6um

Mixtures W1, W2 and W3 have high Tn;.

857

Mixture W2 has

wide temperature range of nematic phase and can be driven by 4V.
The birefringences of LC mixtures can be adjusted to meet the
requirement by using Naphthalenes and Decahydronaphthalenes.

Mixtures V1, V2, V3 and V4 have less than 3.3 V of low

driving voltages.

low driving voltage.

electricity.

Mixture V4 can be driven by less than 2.5 V of ultra

These mixtures are suitable for mobile PC
monitors and cellular phones, which require low consumption of
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SUMMARY

We found that the fluoro-substituents at C-1 position for
tetrahydronaphthalene and naphthalene rings have the effect to reduce

n of LC components. We obtained the LC mixtures which are
suitable for AM-LCD highly diversified for LCD-TV, PC monitors,
note PCs, reflective PDA, car navigators and so on.
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