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Two- or three-ring compounds having 1,2,3-trifluorophenyl substituent (3F-compounds) were synthesized
and their physical properties were measured to evaluate the applications to active matrix liquid crystal
displays(AM-LCDs). The 3F-compounds gave good physical properties for AM-LCDs and, in particular, an
excellent voltage-holding ratio (VHR), comparable to the compounds having 1,2-difluorophenyl substitu-
ents (2F-compound) which are currently used for AM-LCDs. The important point is that 3F-compounds
showed much lower threshold voltage (V,,) than 2F-compounds. It was demonstrated that one mixture of
3F-compounds with 2F-compounds gave V|, of about 1.30 V at 5.5 um-cell gap. From these results, it was
concluded that the 3F-compounds are excellent liquid crystalline materials for AM-LCDs with a low-voltage
IC driver, for example the 3V IC driver.

Keywords: Fluorinated liquid crystals, active matrix displays, low-voltage IC driver

INTRODUCTION

Recently, industrial and scientific interest in liquid crystal displays (LCDs) has
increased a great deal, with their commercial applications to large-sized displays such
as word processers, personal computers and portable color TVs. In particular, active
matrix-twisted nematic displays (AM-LCDs) have been in the limelight as an excellent
display system to prepare the color and super fine thin-film-transistor LCDs (TFT-
LCDs) with high contrast sensitivity, excluding cross talk.'-* For these high perform-
ance AM-LCD applications, the developments of new liquid crystalline mixtures have
been attempted by many researchers.! ~3 In the early stage, cyanophenyl-cyclohexane
and cyanobiphenyl derivatives were used as the main component, but their low VHR
decreased the contrast of the picture and then a compensated circuit was equipped to
avoid this decrease. Therefore, it is one of the most important problems to develop new
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liquid crystal compounds having a high VHR. Very recently, Sugimori et al.*™®
discovered that the two- or three-ring compounds having 1,2-difluorophenyl (2F-
compounds) have high VHR with excellent properties for AM-LCDs such as high
dielectric anisotropy, low bulk viscosity, wide mesophase ranges, and extremely high
thermal and optical stability.

In this paper we report a new type of liquid crystal compound having 1,2,3-
trifluorophenyl substituents (3F-compounds) for AM-LCDs. These trifluorinated
compounds and their mixtures had low threshold voltage and high VHR.

EXPERIMENTS

Two- or three-rings compound having 1,2,3-trifluoropheny! substituents were syn-
thesized by almost the same preparation procedure as that reported previously and
purified by the column chromatography and recrystallization method.* ~® The com-
pounds obtained were identified by NMR and MS, and the purity was confirmed to be
better than 99.5% by HPLC and GC.

Phase transition temperatures and liquid crystalline textures were determined by
a polarizing microscope, Nikon Optiphotopol, equipped with a Mettler hot stage FP32
and control unit FP5, and their enthalpy changes were obtained by a Rigaku-8230
differential scanning calorimeter at the heating rate of about 5 K/min. Optical birefri-
gence (An) at 589 nm was measured by an Abbe refractometer (Atago Co. Type 2T) at
25°C. The dielectric measurements were carried out for a TN(90°) cell by use of
a precision LCR meter (YHP, Type 4274A). The TN cell was prepared by rubbing the
surface of polyimide film coated on an ITO electrode, where the area of ITO electrode
was 0.5 cm? and the distance between the electrodes was 9.0 pm. The dielectric constant
in parallel direction to the molecular axes (¢,) and that in the perpendicular (¢,) were
estimated from capacitances under the applied voltages of 10 V and 0.5 V, respectively,
where the dielectric anisotropy (Ae) is ¢,—¢,. The threshold voltage (V,,) was deter-
mined by monitoring the transmitted intensity of the normal white light in the
perpendicular direction under the applied 32 Hz-rectangular electric wave, where the
light intensity was measured by use of a LCD evaluation system (Ohtsuka Electric Co.
LCD-7000), adjusting An-d to 550 nm at 25°C. V|, is defined as the voltage for the 90%
transmitted light intensity. Frank’s elastic constant (k;;) was determined by use of an
LCR meter (YHP, 4274A) for an anti-parallel rubbing cell and/or a TN rubbing cell,
according to Feredericz’s method.?® 2 The voltage-holding ratio (VHR) was meas-
ured according to the method of Sasaki er al.'3; the electric circuit for VHR is
illustrated in Figure 1 and VHR was calculated by the area method. Viscosity was
measured by use of a rotational viscometer (Tokimek Type E).

RESULTS AND DISCUSSION

Table 1 shows lists of 3F-compounds and their phase transition parameters. Most
homologues of 3F-compounds show the nematic phase and its nematic temperature
range is wide enough to use as a component of nematic mixtures for LCDs.
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Figure 2 shows the temperature dependence of VHR for ZLI-1132, FB-01 and
20wt% 1,2,3-trifuluoro-5-[trans-4-(trans-4-propylcyclohexyl) cyclohexyl] benzene
(I(n=3)in Table 1) in FB-01. Here, Z1.1-1132 is the mixture from Merck whose main
components are compounds having cyanophenyl group, and FB-01 is 1,2-difluoro-
4-[trans-4-(trans-4-alkylcyclohexyl) cyclohexyl] benzene from Chisso Co.'> In ZL1-
1132, cyanophenyl derivatives, VHR rapidly decreases with approaching T-T, (T : the
clearing point) from — 60 to 0°C, but VHR for FB-01 retains almost 100% in T — T,
from 0 to — 80°C, as Saito previously reported'#, and so is widely recognized as an
excellent compound for AM-LCDs. The 20 wt% I(n = 3)in FB-01 exhibits an excellent
VHR-temperature property; VHR 1s 99 ~ 100% near — 60°C of T—T, and this value is
almost retained to — 10°C. We examined the temperature dependence of VHR for
various 3F-compounds and found that these compounds also show excellent VHR. It is
concluded that nematic 3F-compounds have excellent VHR, compared to those of
2F-compounds such as FB-01.

Figure 3 shows the dependence of the threshold voltage (V) on T— T, for the
mixtures containing fluorinated compounds at An-d = 500 nm. Clearly, the value of
V., decreases almost proportional to the number of the substituted fluorine atoms; the
decrease of V;, was estimated at about 0.15 V per one substituted fluorine atom. The
value of V;, for 20wt% 1,2,-difuluoro-4-[trans-4-(trans-4-propylcyclohexyl) cyclo-
hexyl']l benzene in FB-01 was almost the same as that for FB-01.

Figure 4 shows the temperature dependence of dielectric anisotropy (Ae): the value
of Az increases with increasing the number of substituted fluorine atoms and the slope is
almost unchanged with the F number. ¢, increased by the substitution of F but ¢, is
scarcely changed, resulting in the increase of Ae. In Figure 5, the Frank elastic constant
(k;;) is plotted against T — T.. The value of k,, is independent of the F number but the
values of k,, and k,; decrease with increasing the F number. The value of V,, is
expressed

V10 = (TC/d)[{kl 1+ (1/4)(k33 - 2k22)}/80'A3](1/2) (1)
Vs
Ve Source
Driving
circuit Gate Drain

Vo Oscilloscope

T Liquid crystal
[~ cell

yaya

FIGURE 1 The electric circuit for voltage holding ratio (VHR).
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TABLE [

Phase transitions of compounds having 1,2,3-trifluorophenyl substituent. Phase Transition (°C)/enthalpy
change (kJ-mol ™)

compounds C1 C2 S N 1
F
CnH2n+l_O_O_©-F (1)
F
n=2 724 489
126.0 141 )7
3 64.2 934
253 " 04
4 63.7 66.2 91.1
9.8 194 103
5 86.4 101.1
265 T 06
7 68.5 97.8
233 106
F
Gt OO ()
F
n=2 63.5 49.6
308 213 )"
3 49.5 83.4
249 " 09
4 60.8 83.2
381 T 07
5 457 91.0
"19.6 0.8
F
Catizn <O~ F (1)
F
n=3 40.4 33.1
203 0.1
4 36.0 33.0
314
5 29.2 576
"18.0 02
F
OO ()
F
n=2 64.3 65.5
05 T
3 410 97.0
“14.1 10
4 57.0 96.4
T62 09
5 52.8 56.1 103.3

"46 " 10
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FIGURE 2 Temperature dependence of voltage holding ratio (VHR) for three mixtures.

where d is a cell gap and ¢, is dielectric constant in vacuum.!® Therefore, the variation
of ¥}, with the F number is closely connected with the variations of Ac and k,, — 2k,,.
In the equation (1), V,, decreases as Ae increases and k,,— 2k,, decreases. For
example, V,, 1s almost 1.80 V and 1.97 V for 20 wt% I(n = 3) in FB—01 and FB—01I,
respectively, near —80°C of T — T, while Aeis 5.5and 4.8,and k,, + (1/4)(k3; — 2k,,)
is 11.24 and 11.22, respectively. Therefore, the increase of Ae¢ may mainly contribute to
the decrease of V.. It is emphasized that V, ; for 3F-compounds is fairly much smaller
than that of 2F-compounds.

As mentioned in Introduction, it is well known that cyanobiphenyl and cyano-
phenyl-cyclohexane derivatives have been low V,, but low VHR; The low V,,
may be due to a large Ae¢ value induced by the polar CN group but the low VHR
may originate in an increase of electric conduction which may be caused by an
increase in solubility of ionic impurities to the nematic solvent by the presence
of polar CN group (usually the specific resistivity the order of ~ 10''Qcm). In
the 3F-compounds, the polar C-F bond outstandingly increases the value of Ag, lead-
ing to the decrease of V,,, but retained the high VHR, because the F-substituted
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FIGURE 3 Temperature dependence of threshold voltage (V, ) at An-d = 500 nm for mixtures.

phenylcyclohexane or biphenylcyclohexane rings may be chemically stable and may
dissolve ionic impurities much less, compared with the cianobiphenyl or biphenyl-
cyclohexane derivatives, resulting in keeping a low electric conductivity (usually
the specific resistivity the order of ~ 10'*Qcm). In conclusion, we found that the
3F-compounds have excellent VHR and V;,: VHR for 3F-compounds was compar-
able to that for 2F-compounds and V,, for 3F-compounds was lower than that for
2F-compounds. This fact suggests that the 3F-compounds are applicable for the
AM-LCDs using a low-voltage IC driver which is currently being investigated as the
next LCD.

We prepared two mixtures A (65 wt% 3F-compounds and 35 wt% 2F-compounds)
and B (94 wt% 3F-compounds and 6 wt% 2F-compounds). The physical parameters
for mixtures A and B are listed in Table 2, with those for LIXON-5044XX whose
compounds consist of 2F-compounds. The ¥, ; values of mixtures A and B are 1.43V at
d=5.7pm and 1.30V at d = 5.5 um, which are considered to be low enough to use for
AM-LCDs with a 3V IC driver.

The temperature dependence of VHR is shown in Figure 6. VHR is about 98.3% at
room temperature and is scarcely changed by temperature. Consequently these
parameters indicated that mixture A and B are applicable for AM-LCD:s.
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FIGURE 4 Temperature dependence of dielectric anisotropy (A¢) for four mixtures.

TABLE II
Electro-optical parameters for mixture A, B and LIXON 5044XX

Mixture A B LIXON 5044XX
Ts_n/°C < —40 <-30 <-30
Ty-1/°C 80.0 80.1 81.0
n/mPa-s 26.4 279 244

An 0.088 0.087 0.090

Ae 72 8.5 49

ValV 1.43 1.30 1.73

djpm 5.7 5.5 5.6
V.H.R./% 98.3 98.3 98.2

composition/%

2F-compounds: 35
3F-compounds: 65

2F-corﬁpounds: 6

3F-compounds: 94

2F-compounds: 100
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FIGURE 6 Temperature dependence of voltage holding ratio (VHR) for Mixture A, B and LIXON

5044XX.
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CONCLUSION

Several two- or three-ring compounds having 1,2,3-trifluorophenyl substituents (3F-
compounds) were prepared and their physical properties were measured. The 3F-
compounds showed excellent VHR, compared to compounds having 1,2-difluoro-
phenyl substituents (2F-compounds), which are currently used for AM-LCDs and it
is emphasized that 3F-compounds gave much lower threshold voltage than 2F-com-
pounds. In fact, a mixture of 94 wt% 3F-compounds and 6 wt% 2F-compounds
showed a low threshold voltage of 1.30V at 5.5 um cell gap. These results indicated
that 3F-compounds are very useful LC materials for AM-LCDs with a low-voltage
IC driver.
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