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A numerical evaluation of physical constants in the fluorinated liquid crystals has been investigated. The molecular parameters,
such as dipole moment and polarizability, were calculated using a semiempirical molecular orbital method. In order to evaluate
the temperature dependence of the value “dielectric anisotropy divided by order parameter (�ε/S)”, the Maier-Meier theory
was used. The temperature dependence of�ε/S in these phenylbicyclohexane compounds has been explained.
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Nematic liquid crystals with low threshold voltage, low
viscosity, high resistivity, high birefringence and wider ne-
matic temperature range are widely used. In particular, flu-
orinated liquid crystals are known for their modest dielec-
tric anisotropy, larger dipole moment, high stability, and high
voltage holding ratio, high specific resistance, low thresh-
old voltage and low viscosity. In order to improve these
characteristics, an evaluation of the physical constants, espe-
cially in an order parameterS, is necessary. The tempera-
ture dependence of the order parameter has been discussed by
diamagnetic susceptibilities,1) polarized absorption and fluo-
rescence spectra measurements2) and nuclear magnetic reso-
nance (NMR).3) Recently, Bremer and Tarumi4) had estimated
dielectric anisotropy�ε using the Maier-Meier theory and
the semiempirical molecular orbital calculation. By introduc-
ing the anisotropy of polarizability an improved calculation
was performed,5) however, the temperature dependence of�ε

was not reported. We have already studied the�ε and the
elastic constants of phenylbicyclohexane (PBC) compounds
with one or two fluorine substituents in a benzene ring.6,7)

We have also reported special fluorinated liquid crystal ma-
terials in which the dielectric anisotropy was proportional to
the square of the order parameter.7) In this study, the calcu-
lation of the semiempirical molecular orbital method using
AM1 Hamiltonian was carried out for obtaining the molecular
parameters. Using the Maier-Meier theory,8) the temperature
dependence of the dielectric anisotropy divided by the order
parameter (�ε/S) has been estimated.

Normally, the order parameter is defined as

S = 1

2

〈
(3 cos2 θ − 1)

〉 ≡ 〈
P2(cosθ)

〉
, (1)

where,θ is the angle between the long axis and the director
of the liquid crystal. The bracket〈. . . 〉 denotes the ensemble
average. The function ofP2 is the Legendre polynomial of
the second order.

The temperature dependence of the order parameterS is
necessary to calculate the�ε. According to the Maier-Meier
equations,�ε/S can be given as

�ε/S = N hF

ε0

[
�α − Fµ2 (1 − 3 cos2 β)

2kBT

]
, (2)

where, N = NA/Vm, h = 3ε/(2ε + 1), f = (ε − 1)/

[2πε0a3(2ε + 1)], (4/3)πNa3 = 1, F = 1/(1 − αav f ), and
�α = α‖ − α⊥, αav = (α‖ + 2α⊥)/3. TheN is the number

of molecules per unit volume,NA is the Avogadro’s constant,
Vm = ρ/M is the molar volume, andρ is the density as-
sumed as a value of 1 g/cm3 and M is the molecular weight.
The h and F are the internal cavity field and reaction field
factors for a spherical polarizability, respectively. Theε0 is
the dielectric constant for vacuum,�ε (= ε‖ − ε⊥) is the
dielectric anisotropy,kB is the Boltzmann constant,T is the
Kelvin temperature,αav is the average polarizability,�α is
the anisotropy of polarizability,µ is the dipole moment andβ
is the angle between the whole molecular dipole moment and
the long axis of the polarizability tensor.

From the Maier-Meier equations,�ε is a physical prop-
erty which depends on the molecular structures of liquid crys-
tals, and the sign of�ε is related to the direction ofβ and
�α. Initially, for calculating the dielectric anisotropy, we
have to determine the initial value ofεinit . According to the
Lorentz-Lorenz formula,9) εinit is given by

εinit = (3ε0 + 2αavN )/(3ε0 − αavN ). (3)

In this study, the physical constants of fluorinated liquid
crystal compounds (Fig. 1) were calculated using the molec-
ular orbital (MO) method. We have calculated the molecular
parameters using the MOPAC97 AM1 as shown in Table I.
Substituting these molecular parameters into the Maier-Meier
equations, the temperature dependence of�ε/S was calcu-
lated, as shown in Fig. 2. In conventional liquid crystal ma-
terials,�ε is proportional toS. Therefore, the value�ε/S
shows no temperature dependence for the conventional liquid
crystal materials. For the liquid crystal materials 3PBC3F4C,
3PBC3,4F2 and 3PBC4F, however, the value�ε/S was not

C3H7 X

YZ

( )
X Y Z Cr  N I

1) 3PBC3F 4C CN F H - 54.7 - - 207.5 -
2) 3PBC3,4F 2 F F H - 44.2 - - 118.0 -
3) 3PBC4F F H H - 88.6 - - 158.5 -
4) 3PBC2,4F 2 F H F - 47.0 - - 124.0 -
5) 3PBC3F H F H - 51.4 - - 91.0 -
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Fig. 1. Liquid crystal compounds under study.

1375



1376 Jpn. J. Appl. Phys. Vol. 40 (2001) Pt. 1, No. 3A J. XU et al.

Table I. Calculated physical constants of fluorinated liquid crystal com-
pounds using the MOPAC97, AM1.

Compound
µ αav �α β

(Debye) (atomic unit) (atomic unit) (deg)

1) 4.990 172.819 115.369 8.8

2) 3.069 157.203 70.643 20.2

3) 1.926 154.412 74.504 3.4

4) 1.712 155.702 74.454 43.7

5) 1.728 154.048 69.183 47.4
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Fig. 2. Calculated temperature dependence of �ε/S substituting the
molecular parameters into the Maier-Meier equations.
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Fig. 3. Experimental results of the temperature dependence of �ε/S.

constant and showed temperature dependence. Figure 3
shows the experimental results of the temperature dependence
of �ε/S. The obtained experimental results were in good
agreement with the calculated ones. In our calculation, we
used the Maier-Meier equation [eq. (2)]. The first term of this
equation shows no temperature dependence, only the second
term exhibits temperature dependence. Comparing eq. (2)
with Table I, it is noted that the materials with a larger dipole
moment show temperature dependence of �ε/S.

In conclusion, the numerical approaches to the physi-
cal characteristics of the fluorinated liquid crystals have
been investigated. The temperature dependence of the ratio
�ε/S can be evaluated from the MOPAC calculation and the
Maier-Meier equation. The materials with larger dipole mo-
ments under study showed temperature dependence of �ε/S.
The Maier-Meier theory was not able to explain the experi-
mental results in which the dielectric anisotropy was propor-
tional to the square of the order parameter. However, this tem-
perature dependence must be the reason for the low tempera-
ture dependence of the threshold voltage in the liquid crystal
materials 3PBC3,4F2 and 3PBC3F4C, because the elastic con-
stant of these materials were proportional to the square of the
order parameter7) and the degree of the dielectric anisotropy
was larger than the first degree. Taking the effective dipole
moment µeff and the material dependence of S into account,
accurate calculation of dielectric anisotropy is expected.
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