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Table 1. Calculated and experimental values of polar-

izabilities, anisotropy of the polarizabilities at a fre-
quency of 1.5 THz of PCH5, 5CB and 50CB.

LS 1.5 THz
R
2/5%1/10’23 cm ay a a A«
THEAY 415 3.02 3.39 1.13
PCH5
SEIGAE 3.97 3.04 3.35 0.93
THHEAE 452 3.37 3.75 1.15
5CB
SEIGAH 412 3.02 3.39 1.10
A 4.63 344 3.83 1.19
50CB
SEIE 455 3.21 3.66 1.34
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Fig. 1. (color online) The optimized molecular struc-
ture of (a) 5CB; (b) 50CB; (c) PCHS5.
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Fig. 2. (color online) Contour surfaces and contour

plots of pé” densities distributions on the zy planes

of PCH5 calculated by the M06-2x/6-314+G(2d, p)
method. The red and green meshes (lines) repre-
sent positive and negative densities with iso-surface

40.003 a.u., respectively.
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Fig. 3. (color online) Contour surfaces and contour
plots of —:vpc(cl) densities distributions on the xy planes
of PCH5 calculated by the MO06-2x/6-31+G(2d, p)
method. The red and green meshes (lines) repre-

sent positive and negative densities with iso-surface

+0.003 a.u., respectively.

B4 (MTIEMR) M06-2x/6-31+G(2d, p) KF Fil &
K 5CB 4 TR EIE —xpl”) AT, Bt
TR 23 €00 1) S5 R T 43 Sl AR 3R 4 7 A T X SBloned 0 1 6 3 B2
TETTRAF A7 BTk

Fig. 4. (color online) Contour surfaces of —mpg) densi-
ties distributions of 5CB calculated by the M06-2x/6-
314+G(2d, p) method. The red and green meshes rep-
resent positive and negative densities with iso-surface

+0.003 a.u., respectively.
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Fig. 5. (color online) Contour surfaces of —xpgﬂl) den-
sities distributions of 50CB calculated by the MO06-
2x/6-31+G(2d, p) method. The red and green meshes
represent positive and negative densities with iso-

surface +0.003 a.u., respectively.
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Abstract

Terahertz (THz) technology developed rapidly in recent years. Liquid crystals (LCs) are one of the most promising
base materials to construct switchable devices in THz range because of their high optical anisotropies. However, the
practical applications of the devices are hampered by the relationships between birefringence, thickness and L.Cs switching
time. Due to the long wavelength, THz device requires a larger birefringence LC than the device operated at optical
frequencies. Yet, in order to design an efficient switchable LC-THz device, it is crucial to find or synthetize LC material
which will still display a useful birefringence at THz frequencies. The birefringence properties of LC are determined by
the molecular polarizability of the relevant material. Knowledge of the LC molecular polarizability and its dependence
on the molecular structure is important for designing LLC molecules with desired THz properties. The prediction of the
photoelectric characteristics could save a considerable quantity of the man-power and materials needed for the design or
synthesis of new LC compounds. A priori screening of materials and the prediction of the optoelectronic properties would
make a vast opportunity for expanding the LLC material application scope. Hence, the main purpose of the present work
is to provide a theoretical method of calculating and analyzing the THz polarizability properties of LC single compounds
for LC-THz device applications. In this work, the frequency dependent molecule polarizability values of liquid crystal
PCH5, 5CB and 50CB in THz range are calculated by the density functional theory method. The geometries of the
studied LCs are optimized at B3 LYP levels with the standard 6-311G(d) basis set. From the optimized geometries
the molecule THz polarizabilities of LCs are calculated by the M06-2x functional with 6-3114+4G(2d, p) basis set, and
they are found to be in good agreement with experimental data. By plotting the polarizability density analysis (PDA),
the spatial contributions of electrons to the longitudinal polarizability are presented. The influences of alkyl chain and
core structure on the microscopic polarizability of the LC molecule are investigated and explained by using the finite
field approach and PDA. The results show that the unsaturated group, such as benzene ring or cyanobenzyl, makes
great contribution to the polarizability of LC. In the design process, the new type of LC molecule must be extended the
length of T electron conjugated system, to reduce the energy gap between HOMO and LUMO, and hence improving LC
molecule polarizabilty. We hope that the present work could give a useful guide in screening or designing LC molecules
for THz applications, and offer an effective way to understand fundamental optoelectronic characteristic of LC materials

in the THz frequency range.
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