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Abstract—~Parallel and perpendicular components of the diel ectric constant for 5CB nematic liquid crystal are
measured in arelaxation region. Two frequenciesf; = 30 and f, = 350 MHz are determined at which the inver-
sion of the dielectric anisotropy sign is observed. It is shown that the observed sizable high-frequency shift of
f, with respect to the val ue calcul ated according the Debye theory is caused by the diel ectric resonance near the
relaxation region. © 2000 MAIK “ Nauka/Interperiodica” .

The anisotropy of the real component of the dielec-
tric constant for nematic liquid crystals (NLC) and its
dependence on the frequency Ag'(w) = g — € isusu-
aly explained within the framework 01J orientation-
dipole representations. In this case, €, and g corre-
spond to the mechanisms of NLC dipole polarization
connected with rotations of rigid bar-shaped molecule
around the long and short axes, respectively. The
anisotropy Ag'(w), as a rule, is maximum in the fre-
guency range in which the molecular dipoles rotate
through the same angle with thefield. These arethe fre-
guencies at which the anisotropic properties of liquid
crystals are fairly well studied and most extensively
used in electrooptical and other devices.

As the pumping field frequency increases, the dis-
persion regions for €5 and ¢ are reached; in most
cases, they are described by the Debye relaxation for-
mula

€0— €

ep(w) —¢€, =

(D)

1+ w’t?

where g, and €., arethe static and high-frequency com-
ponents of the dielectric constant, w = 21t is the cyclic
frequency, and T is the relaxation time of the molecule.
In the dispersion region, the rotational mations of mol-
ecules are first partly, and then completely, suppressed
and degenerate into librations (rotations by small
angles) with a further increase in the frequency. It
should be noted that, due to a difference in the relax-
ation times T, and T, the dielectric anisotropy can
changeitssign in the relaxation region. This effect pro-
vides additional information on the dynamic character-
istics of molecules, and it is of importance for various
technical devices operating at high frequencies.

Thedielectric anisotropy in the relaxation region for
4-pentyl-4'-cyanobiphenyl (5CB) so far has virtually
not been studied, because this frequency region lies at

the boundary between the meter and decimeter wave-
length frequency ranges, which is difficult to carry out
reliable measurements. Asis known, the 5CB crystal is
nematic up to the temperature T = 35°C. It possesses a
comparatively large positive magnitude of the static
anisotropy Ag, =11.5 (g, = 18.5and g, = 7) and asuf-
ficiently large value of the dipole moment p = 5.1D; its
indices of optical refraction areny = 1.53 and n;= 1.71,
and the dielectric relaxation times strongly depend on
temperature and fall in the range t(T) ~ 27-85 ns[1].
Figure 1 displays the frequency dependences of the
real components of relative dielectric constant €, (open
circles) and ¢, (filled circles) according to the data
taken from [2-5]. These data were obtained in a wide
frequency range on a 5CB crystal. The experimental
data were approximated with the use of formula (1) by
the Debye relaxation dependences ¢;(f) (dashed line)
and g,(f) (solid line) by fitting of the relaxation times
T, = 24 and 15 = 40 ns. It isimportant to note that the
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Fig. 1. Frequency dependences of (1) parallel and (2) per-
pendicular real components of the dielectric constant for
5CB liquid crystal. Points are experimental data, and lines
indicate the approximation according to Debye.
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Fig. 2. Frequency dependence of the dielectric anisotropy.
The solid line is the calculation according to Debye, and
points are the experimental data.

experimental pointsfairly well fit the calculated depen-
dences virtually over the entire frequency range; in this
case, the inversion of the dielectric anisotropy sign
Ag' = g — &, wastwice observed in the relaxation region
at the frequencies f; = 35 MHz and f, = 165 MHz. This
work is devoted to the experimental determination of
the frequencies f; and f,, at which the anisotropy
changesits sign.

The high-sensitive microstrip sensors of a circular
type were used in measurements of the dielectric
anisotropy in the relaxation region. These sensors were
discretely tuned by close steps in the frequency range
50-1000 MHz [2]. These sensorsallow the recording of
the dielectric spectrawith ahigh accuracy despite arel-
atively small volume of the NL C specimen under study.
The NLC specimen was placed in a measuring cell
between parallel metal electrodes 2.5 x 2.5 mmin size
with the gap between them d = 0.1 mm. Parallel and
perpendicular orientations of the long axes of crystal
molecules with respect to the polarization of the high-
frequency pumping field were specified by the appropri-
ate directions of the external magnetic field H = 2 kOe.
Measurements were carried out in athermostat at tem-
perature T = 30.0 £ 0.1°C.

The results of measurements of the diel ectric anisot-
ropy for the 5CB liquid crystal in the frequency range
50-500 MHz are presented in Fig. 2. The frequency
dependence of the anisotropy Ag'(f) obtained from the
curve approximated according to Debye theory
(Fig. 1) isshown by the solid line. It is seen that only
thefirst point of theinversion of the anisotropy sign at
f, = 30 MHz closely coincides the calculation. Accord-
ing to the calculations, the next change in the anisotropy
sign should be observed at a frequency of 165 MHz;
however, the frequency obtained experimentally is sig-
nificantly higher (f, = 350 MHz). The disagreement
observed for the second frequency of the anisotropy
sign inversion should be caused by the deviation of the
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Fig. 3. Frequency dependences of (1) paralel and (2) per-
pendicular components of the dielectric constant for 5CB
liquid crystal, calculated with account of dielectric reso-
nance. Points are the experimental data.

dependences ¢(f) and e;(f) in the high-frequency
relaxation range from the Debye dispersion law.

Actualy, changing the frequency by small values
when measuring the dielectric constant of the 5CB lig-
uid crystal, werevealed aclearly pronounced distortion
of the spectrum nearly at the very edge of the dispersion
region. The results of measurements of € (open cir-
cles) and sil (filled circles) in the frequency range
beginning with 100400 MHz are shown in Fig. 3. Itis
seen that the characteristic feature of both spectraisthe
presence of a clearly distinguished minimum near the
frequency of 350 MHz and a maximum near the fre-
quency of 400 MHz.

A comparatively narrow frequency range and the
shape of dispersion distortion unambiguously indicate
its resonance nature, which can be associated with the
intramolecular conformational vibrations caused by the
mobility of molecular fragments. The frequency depen-
dence of the real component of the dielectric constant
for the material in the presence of resonance processes
can be written as follows [6]

1+ wy(w + wy)g°
£ (w) ¢, = 1A£k[ o( 0)J

27 1+ (00+ )’

)

+ 1- 000(03—000)92
1+ (w-wp)’g’

where wy, is the resonance frequency, Ag, is its ampli-
tude characteristic, and g is the quantity characterizing
the relaxation time. It is obvious that the resulting fre-
guency dependence of the dielectric constant for the
liquid crystal under study should be described by the
sum of the relaxation and resonance processes

€'(w) —&, = £p(W) +Ex(0). ©)

No. 3 2000



DIELECTRIC ANISOTROPY OF 5CB LIQUID CRYSTAL

The frequency dependences of ¢, and ¢, plotted
according to formula (3) as aresult of the numerical fit-
ting of the coefficientsinformula(2) are shownin Fig. 3.
For g(f) (curve 1), we obtained wy/2r = 326 MHz,

Ag, =0.012, and g=40ns, and for €(f) (curve 2), theres-
onance frequency remained the same wyy/21t= 326 MHz,
and the amplitude and time of the relaxation increased
by = 20% (Ag, = 0.014 and g =50 ns). It is seen that, in
this case, there is a fairly good fit of the calculated
curves to the experimental data, except a small region
at about 400 MHz. Moreover, the second frequency, at
which the dielectric anisotropy Ae'(f) = g, — £ changes
the sign, being calculated with account of formula (3),
also agrees well with the experiment. Note that the res-
onance feature observed in the dielectric spectrum in
the relaxation region and the related deviation of the
frequency dependence of the dielectric constant from
the Debye dependenceis observed not only for the 5CB
crystal, but also for a number of liquid-crysta
homologsnCB (n=6, 7, 8). Inthiscase, upon transition
from the nematic phase to the isotropic phase, the reso-
nance persists and substantially increasesin amplitude.

Thus, the experimental sizable high-frequency shift
of the point of repeated inversion of the anisotropy sign
for the 5CB liquid crystal with respect to the calculated
frequency f, obtained under conditions of normal
Debye relaxation is explained by the resonance feature
revealed in the high-frequency part of the relaxation
region. The nature of the dielectric resonance observed
remains unclear. This resonance is likely connected
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with the conformational vibrations of mobile molecular
fragments, for example, with vibrations of the first sec-
tors of flexible methylene groups [7], or with specific
vibrations of the flexible fragmentstogether with vibra-
tions of the benzene rings of 5CB.
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