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Three-ring types liquid crystalline compounds
having fluoro and isothiocyanate substituent were
synthesized and their physical and electro-optical
properties were measured to evaluate the
applications to active matrix VA liquid crystal
displays. The tetrakis(triphenylphosphine)pallad
ium(0) catalyzed cross coupling of aryl boronic
acids with aryl halides is used to prepare trans-
4°-Alkoxy-2,3-difluoro-3 -isothiocyanato-4-(4-alk
yicyclohexyl)-biphenyl series. The synthesized
compounds showed the nematic liquid crystalline
phase and the negative dielectric anisotropy. The
prepared mixtures showed faster response time
and lower threshold voltage than their host
mixture.

1. Objectives and Background

The recent concern in the development of liquid
crystal display (LCDs) has created strong demand
for new liquid crystalline materials with high
clearing temperature, high birefringence, high
dielectric anisotropy, and low visco elastic ratio.!"
For active matrix displays, we demand high
specific resistance and voltage holding ratio of LC
mixtures.”] Liquid crystals with fluoro-iso
thiocyanated phenyl core group meet most of
these special features.”™

Currently, the most TN-TFT-LCD use - liquid
crystal mixtures with a positive dielectric
anisotropy. In contrast, the recently introduced
VA-TFT-LCD which offers a superior picture
quality with a wide viewing angle (>160°), a high
contrast, and video-compatible switching times
(<20ms) 1s based on a liquid crystal mixture with
negative dielectric anisotropy [5].

In this work, we introduced that the synthetic
route, the physical and electro-optical properties
of the new liquid crystalline compounds with the
1sothiocyanato group in meta position of phenyl
ring as lateral substituent.

2. Experimental and Measurements

The chemical structures of products were
confirmed by 'H and “C NMR spectroscopy
(Bruker Avance 400 Spectroscope) and EI mass
spectrometer (70eV Hewlett Packard 5972 MSD).
Their purity were checked by a GLC analysis
(Hewlett Packard 6890 series attached to a 30m
HP-5MS column) and found to be more than
99.9% pure. The phase transition temperature and
liquid crystalline phase were observed with a
polarizing microscope (Olympus BH-2) equipped
with a heating stage and a controller (Mettler
FP82) and Differential Scanning Calorimeter
(Perkin-Elmer DSC-7). The dielectric anisotropy
A€ 1s determined by the capacitive method at a
frequency of 1 kHz. The optical birefringence An
is measured using an Abbe refractrometer at 20 C.
The flow viscosity 1 1s obtained by cannon micro
viscometer. The Ag An and 7 of single
compounds are extrapolated from 15 wt%
solutions in the host mixture. And electro-optic
properties (Vio, Voo, ton, torr) Were measured at 4.0

um VA cell. The measurement has done at 60Hz
and 4.5 volt with waveform generator.

3. Synthesis

The typical synthetic procedure of the new
liquid crystalline compound with fluoro-
isothiocyanate group is depicted in Scheme 1. All
homologues were prepared using the same
methods, and therefore the general experimental
procedures are illustrated using frans-4’-ethoxy-
2,3-difluoro-3’-isothiocyanato-4-(trans-4-pentyl-
cyclohexyl)-biphenyl. They were prepared by a
coupling reaction which is the preparation of a
boronic acid via lithiation ortho to a fluorine atom
[6,7], and the boroinc acid is then coupled with an
aryl bromide using tetrakis(triphenylphosphine)
palla-dium(0) as a catalyst [8] .

IMID '02 DIGEST - 471



nOmo +

l LOMBuLi/THF
H#

F. F Br—@—OH
OH

HNO,. H,S0,
l p-TOSH/Teluene CH,Ci,
F. F NO,
16MBuLi K,CO;, Bromoethane
Triisopropylborate, H" Acetone

F. F NO,
CSH”B(OH)z + Br—@—OCHZCHa

Pd{PPh‘; )4, M N32C03
Benzene, EtOH

Fe F NO

J P/C, 4atm H,

F. F NH,

l CaCOJ, CSG:, CI’{C]_'q,,HZO

F F NCS

Scheme 1. Synthetic procedure of LC compound with
the isothiocyanate group in meta position of phenyl
ring as lateral substituent.

4. Result and Discussion

The phase transition temperatures of mesophase
of the synthesized compounds were listed in Table
1. As can be seen, SCPFFPSF and 3CPFFPSO1
compounds exhibit monotropic nematic phases.
5CPFFPSO2, SCPFFPSO1 and 3CPFFPSO2 have
enantiotropic nematic phases, whereas 3CPFFPS1,
5CPFFPS1 compounds is a non-mesogenic. For
the S5CPFFPSO2, 3CPFFPSO2 compounds,
smectic B phase is observed in the cooling
process. In the homologous series, the thermal
stabilities follows the order the ethoxy>
methoxy> fluorine atom > methane substituted in
the benzene ring. Their stability is strongly
influenced by the molecular parameters such as
rigidity, length-to-breadth ratio, packing density,
polarizability and enhancement of polarity by
conjugation. As the chain length increases, the
tendency to form the smectic phase increases.
This is due to the larger lateral intermolecular
attractive force and the smaller terminal
intermolecular cohesions.
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Table.1 Phase transitton temperature of target compounds.

abbreviationi g; l l.'r([):l;l;St‘: traélrsrllgon teml\pleraturlzz (°C).
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SCPFEPSOL Ly Ly " C B
SCPFFPS | e mro=rn DAY
3CPFFPSI %}% e DR

These fluoro-isothiocyanate series exhibit the low
clearing temperatures relatively. The low clearing
temperature 1s mainly attributed to the molecular
length to breadth ratio.

(a) (b)

Flgure 1. Optical polarizing microscopy texture of
trans-4’-ethoxy-2,3-difluoro-3’-isothiocyanato-4-(4-
pentylcyclohexyl)-biphenyl. (a). nematic phase (75T,
cooling) (b) smectic B phase (60 C, cooling).

The physical properties and the molecular
parameters of these LC compounds are listed in
Table 2. In case of the kind of core group and the
length of alkyl spacer in analogue series are same,
A& values of LC compounds shows -3.1 ~ -5.5
for the substitution of alkoxy group in terminal
position and about zero for alkyl group. On the
other hand, SCPFFPSF has positive Ag of 5.4
This dependency is explained by the Maier-Meier
mean field theory”! based upon the Onsager

model, Ag is given by

pg = Naf [Aa + (,u2 /2kTX3cos2 B - 1)]0 s (1)
£

o

Here, S is order parameter, N is molecular packing
density, & is cavity field factor, and F 1s Onsager
reaction field factor. According to equation (1),




the dielectric anisotropy of a Liquid crystals are
mainly determined by the dipole moment g, its
angle B with respect to the principle molecular
long axis, if B > 55° | becomes negative Ac.
The reason that SCPFFPF has positive A&, even

if 1t contains 2,3-difluoro moiety, laterally
isothiocyanate  substituted is present not
perpendicularly but parallel to the molecular long
axis, in consequence of the result a strong dipole
moment generated toward molecular long axis.

Table 2. Physical properties of synthesized compounds at 20 °C

W Ae? AaMD Y 7R £, g, AsY m n An? n?

Abbreviation € o

(Debye) (a.u) (Degree) (D

(mm3s™)

SCPFFPSF 4.43 2572 0.617 54.0 18.64/6.37 12.93 7.53 +540 1.6729 1.5394 0.1335 73.0
SCPFFPSO2 527 260.5 0.588 84.1 20.76/ 6.39 5.47 10.97 550 1.6995 1.5301 0.1694 112.8
SCPFFPSO1 5.26 2600  0.606 78.9 18.65/6.37 7.00 10.10  -3.10  1.6872 1.5387 0.1458 107.7
3CPFFPSO2 5.28 259.8 0.626 80.6 18.48/6.39 5.87 10.97 -5.10 1.6809 1.5348 0.1461 112.8
3CPFFPSO1 5.27 261.1 0.651 77.9 17.03/6.37 6.93 10.63  -3.70 1.7029 1.5448 0.1581 122.4

5CPFFPSI 4.34 251.8 0.609 72.6 18.78/6.43 8.27 7.57 +0.70 1.6669 1.5481 0.1188 115.0

3CPFFPS1 4.35 254.5 0.639 72.4 16.48/ 6.43 7.67 747  +0.20 1.6795 1.5554 0.1241] 115.0

u: dipole moment; Agq : polarizability anisotropy; 3: between dipole moment and molecular long axis; //d: length to breadth ratio

1): For the calculations, we used semi-empirical quantum method (AM1 Hamiltonian in the MOPAC 5.0)

2): Extrapolated values from 15 wt% host solutions.

The liquid crystal compounds with high An
value helps to shorten the response time because
of the thinner cell gap requirement. The An is
determined by molecular polarizabilty anisotropy
Aa and order parameter S. Accordingly, the An
value of nematic liquid crystal can be represented

in the form of an approximate relationship as

following.!'”

An= Q27 /3n)n? + 2N, (Aa/M)pS  (2)

Here, M*1s the molecular mass of the nematic
liquid crystal compound, p is its density, Acx

1s the polarizability anisotropy of the molecule.
The optical anisotropy values An have 0.1448 ~
0.1694 for terminally alkoxy LC compounds, the
other hand fluoro and alkyl substituted
compounds have 0.1188 ~ 0.1335. The An values
of the alkoxy substituted compounds are higher
than the alkyl and fluorine substituted compounds
due to the exhibiting high anisotropy of the
molecular polarizability as shown Table 2.
- We measured the physical and Electro-optic
properties of Mixtures with 15wt% fluoro-

isothiocyanated compounds, the results are

displayed in table 3.

Table 3. Physical and electro-optic properties of Mixtures
with 15wt% fluoro-i1sothiocyanated compounds.

Ag An n Vio| Voo i T Tojf Tw

on

Mixture

ms oC

2 -1
mms v 60Hz(4.5V)

Host -3.39 {0.08011 21.36 |2.7|57 (186 7.9 |742

Host+15wt%

5CPFFPSE -2.07 [0.0881| 29.11 295972 |153]|6].8

Host+15wt%

SCPFFPSO? -3.72 10.0934] 3509 25,49 | 7.1 (156|749

Host+15wt%

soprEpeo | 313 [00906| 3431 [2.5]54 |68 | 14.1|716

Host+15wt%

3CPEFPSO? -3.69 [0.0903] 35.09 [25]4.7 7.0 166|769

Host+15wt%

3CPFEPSO1 -3.52 10.0918 36.53 [2.5|58 [11.4|13.7|72.6

Host+15wt%

sopEEpS | | 277 [00859] 3540 |2.8]59 1139|137 610

Host+15wt%

3CPFFPS1 -2.85 {0.0867| 3540 (2859 (237!/11.1 614
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As can be seen in table 3, Vgand Vg, of mixture
of 5CPFFPSO2 series enhanced a little in
comparison with host mixtures. And rising time is
faster than that of host mixture, but falling time is
slower than their host mixture. Because dielectric
anisotropy value of the added single compounds
in high, threshold voltage is lower and rising time
1s faster than host mixtures. To optimize switching
speed it 1s important to decrease the viscosity of
liquid crystal mixture. As the result of table 3,
because of high viscosity, the falling time of
Mixtures is slower than host mixture. It 1s shows
that the lower viscosity of this mixture gets falling
time to faster. Therefore, when we want to get the
faster switching speed, the viscosity yet needs to
be improved.

S. Conclusion

The development of the VA-TFT LCDs with its
superior picture quality triggered a strong demand
for new dielectrically negative liquid crystals.
These materials still require optimization with
regard to electro-optic, viscoelastic ratio and
mesogenic  properties. Making use of a
combination of molecular modeling and empirical
structure-physical property correlations, it is
possible to design liquid crystals with negative
dielectric anisotropy. The trans-4’-alkoxy-2,3-
difluoro-3’-isothiocyanato-4-(4-alkylcyclohexyl)-
biphenyl series have large negative dielectric
anisotropy (-3.1 ~ -5.4) and high birefringence
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(0.13~0.17). And their mixtures showed faster
response time and lower thresh hold voltage. The

series of synthesized compounds can be used for
VA-LCDs
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