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Electrooptical Properties of Main-Chain
Mesogenic Polymers in Nematic State
and Dilute Solutions

N. V. TSVETKOV, I. V. KSENOFONTOV and V. O. KURAKINA

Physical Faculty, St. Petersburg State University, St. Petersburg,
Petrodvoretz, Russia

L. N. ANDREEVA and A. Yu. BILIBIN

Institute of Macromolecular Compounds, Russian Academy of Sciences,
St. Petersburg, Russia

Electrooptical and dielectric properties of two aromatic polyesters with hexaethyleneglycol
spacers (as well as their low molecular weight structural analogues) were studied in dilute
solutions and in nematic state using the methods of flow birefringence, equilibrium electric
birefringence, and orientational elastic deformations in electric fields. It was shown that the
macromolecules under investigation orientated in the electric field according to the small-scale
mechanism, and the Kerr constant K values are in good agreement with the dipole structure of
their molecules. The sign of dielectric anisotropy Ae¢ for the polymer nematics under in-
vestigation coincides with the sign of K in dilute solutions. The values of A¢ for polymer ne-
matics are close to the same characteristics for their low molecular weight structural analogues.
The comparative analysis of the data obtained for these polymers in dilute solutions and in the
nematic state is carried out.

Keywords Nematics, electrooptics, dielectric properties

INTRODUCTION

It is well known that the structure and length of flexible spacers in mesogenic
macromolecules can profoundly affect the type and physical properties of
mesophases [1-8]. In this connection it is very important to investigate the
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effect of the character of spacer insertion into mesogenic macromolecules on
dipolar-conformational, optical, electrooptical, and dielectric characteristics
of their solutions and melts.

In the present work comparative studies of two thermotropically meso-
genic aromatic polyesters with hexaethyleneglycol spacers in dilute solutions
and nematic melts were carried out. Their structural formulas are given below.
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Two low molecular weight compounds, structural analogies of APE 1
and 2, were also investigated.
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The polymers were synthesized under the procedure described in detail
in Bilibin and Stepanova [9]. Their hydrodynamic properties were studied
[10, 11]. Elastic properties of their nematic melts were described in Andreeva
et al. [12].

EXPERIMENTAL

Flow birefringence (FB) was studied in a titanium dynamo-optimeter with
an inner rotor 3 cm in diameter and 3.21 cm high. The gap between the rotor
and the stator was 0.022cm. A photoelectric recording scheme with
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modulated ellipticity of light polarization was used to increase sensitivity
[13]. A He-Ne laser was the light source (light wavelength was
/. = 6328 x 10~ cm). Elliptical rotating compensator had relative phase
difference AA/A = 0.036. FB measurements were carried out at a tempera-
ture 20°C, and for this purpose forced water thermostating of the instru-
ment was applied.

Equilibrium electric birefringence (EB) was studied in rectangular-
pulsed electric fields by a method described in detail in Tsvetkov and
Tsvetkov [14]. Measurements were carried out in a glass Kerr cell with
titanium electrodes 3 cm in length along the light beam path, with a gap of
0.03cm between them. Just as in FB studies, a photoelectric recording
scheme with modulated ellipticity of light polarization was applied using
an elliptical rotational compensator A1/A = 0.01 and a He-Ne laser as the
light source.

Electrooptical characteristics of nematic phase were studied by the
method of orientational elastic deformations in electric and crossed
(i.e., magnetic and electric) fields described in detail in Tsvetkov et al. [15].
Planar-concave nematic layers with thickness up to 5 x 1073 cm were used.
To prepare homeotropically oriented nematic layers, the surfaces of glasses
and transparent electrodes (tin oxide) coming in contact with the sample
were treated with concentrated sulfuric acid with subsequent repeated
washings in distilled water and drying.

The light source was a mercury lamp with a green filter (wave length
J. = 5460 x 10~ cm). The processes of nematic layers reorientation were
carried out in electric fields using sinusoidal voltages in a frequency range
from 10-500 kHz and potential difference on the electrodes up to 700 V and
magnetic fields with a strength up to 6 kGs.

RESULTS AND DISCUSSION

Data obtained for APE 2 in dioxane (DO) solutions by the FB method are
illustrated in Figure 1, which shows the dependence of birefringence An on
shear stress At. Analogous dependencies were observed for APE 1.

This fact made it possible to determine the values of shear optical coef-
ficient An/At of the polymers being investigated (Table 1). According to
these An/At values, it is possible to calculate optical segmental anisotropy
from the ratio [13]

An dn (2 +2)°
E:m%(al — 1), (1)
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FIGURE 1 Birefringence An vs. shear stress At for APE 2 in dioxane. I=fraction 2
(c=1.07 x 1072 g/cm?), 11 = fraction 1 (¢ = 0.77 x 1072 g/cm?).

where 7 is the refractive index of the solvent. Table 1 also lists the molecular
weights Msp of APE fractions under investigation determined within 10%
by using the diffusion-sedimentation analysis [10, 11].

The data in Table 1 show that the positive value of An/At and, corre-
spondingly, the optical anisotropy of the Kuhn segment («; — a,) are greater
for APE 1 than for APE 2, which is due to the higher value of equilibrium
rigidity of APE 1 [10, 11].

The results obtained in the investigation of EB for solutions are illu-
strated in Figure 2, which shows the dependencies of birefringence An on the
square of the strength of a rectangular pulsed electric field £2. According to
these dependencies, the characteristic Kerr constants of the compounds
under investigation were obtained from the equation

K= lim (An/cE?), (2)

E—0,c—0
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FIGURE 2 An vs. square of electric field strength E> for fraction 2 of APE 2 in dioxane.
Solutions concentrations ¢ = 2.11 x 1072 g/ecm? (I), 1.07 x 1072 g/cm? (11), straight line (I1D)-
dioxane.

where An is the excess difference (of the solution above solvent) between
refractive indices of extraordinary and ordinary light beams and c is the
solute concentration (g/cm?).

Characteristic Kerr constants for APE 1 and APE 2 are given in Table 1.
It is clear that the absolute values of K for these polymers are not high,
which is the result of a considerable equilibrium and kinetic flexibility
(small-scale mechanism of macromolecular orientation in external fields) of
their macromolecules. However, the difference in signs of the Kerr constant
for APE 1 and APE 2 should be emphasized. Let us consider this difference
in greater detail. It is logical to assume that electrooptical properties of these
polymers in solutions are mainly determined by the dipolar anisotropic
structure of their mesogenic cores. In order to test this assumption experi-
mentally, the EB of AE 2 in DO was investigated. The K value obtained for
AE 2 is given in Table 1. This K value coincides within experimental error
with the corresponding value for the APE 2 polymer. This coincidence re-
sults from the small-scale reorientation of APE 2 macromolecules in the EB
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phenomenon, which proceeds by the mechanism of virtually independent
rotation of polar and anisotropic mesogenic cores in an electric field.
Unfortunately, insufficient amounts of AE 1 prevented its investigation in
solutions. However, the absence of EB dispersion (in the frequency range up
to 1 MHz) in solutions of both APE 2 and APE 1 shows unequivocally
that reorientation of their macromolecules in an electric field is of the small-
scale character.

It should be pointed out that the Kerr constant sign for APE 1 is nega-
tive. This is caused by the dipolar structure of the mesogenic core. In this
structure, the four polar ester groups are inserted in pairs opposite each
other. Therefore, the longitudinal component of the dipole of the mesogenic
core is absent. In contrast, the normal component of this dipole is relatively
great and determines the negative sign of EB.

The sign of K for APE 2 and its low molecular weight structural
analogue AE 2 is positive. This is not typical of para-aromatic polyesters.
In the structure of the repeat unit of APE 2 (and in that of the AE 2
molecule), two terminal ester groups forming a part of the mesogenic core
are bound in the meta-position and not in the para-position. This explains
the positive EB sign for these substances. It will be elucidated by a scheme
(Figure 3) that takes AE 2 as an example. Two central OCO groups
included in the para-position opposite each other cannot provide
contribution to the longitudinal component of the dipole of the mesogenic
fragment and will not be considered. The structure of the mesogenic core

Hoco X @-@-O <:> O @ ! Hoco
o-c’ to
/ A\N /N
H7C3 O a O C3H7
won @@L
O-C/ 8 Hoco «—C=0
/N /
H.C; 0] 0]
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FIGURE 3 Possible conformations of AE 2. Conformation (b) can be obtained from con-
formation (a) by rotating one of the terminal OCO groups.
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of AE 2 (Figure 3a) is of such a type that all longitudinal components of
dipoles of OCO groups are mutually compensated for. Therefore, in the
case of this conformation the sign of K should be negative. This contra-
dicts experimental data. However, conformations similar to that shown in
Figure 3b are also possible (this conformation can be obtained by rotating
one of the OCO groups). The specific feature of mesogenic core con-
formation shown in Figure 3b is the considerable longitudinal component
of the dipole in the OCO group along the mesogenic fragment, which
causes the positive EB sign. Hence, it may be said that an important part
in the conformers set of the mesogenic core of AE 2 and APE 2 consists of
structures similar to that shown in Figure 3b.

The investigated APE 1 and 2, as well as AE 1 and 2, exhibit thermo-
tropic nematic mesomorphism. Their phase behavior is determined by the
polarizing-optical method described in Table 1. Dielectric properties of
their nematics were investigated by the method of orientational elastic
deformations in planar-concave layers [15].

The initial orientation of the APE 2 nematic was homeotropic, and its
dielectric anisotropy Ae was positive. Therefore, its dielectric investigations
were carried out in crossed magnetic H and electric E fields by the procedure
used previously [8], using the equation

AyH* + (A8/4TC)E2 = 7'E2K33/ZCZ, (3)

where Ay is the diamagnetic permittivity of the nematic, K33 is the bend
elastic constant, and z., is the thickness of the layer corresponding to the
critical boundary.

In the first experimental stage, the sample texture was deformed by the
magnetic field in the absence of the electric field (E = 0 in Equation (3)), and
the K33 value of the APE 2 nematic was determined from the experimental
values of H and z,.

In the second stage, when electric and magnetic fields are combined the
critical boundary is displaced, which makes it possible to determine the
threshold electric potential ¥, and the Ae¢ value of the nematic from the
known values of E, H, and Ay.

For APE 1, AE 1, and AE 2 only electric fields were used in reorientation,
and Ag¢ was determined from Equation (3), assuming that H = 0 (for AE 2,
K33 should be replaced by K, the splay elastic constant, because the sample
forms the initial planar orientation).

The values of dielectric anisotropy of these nematics determined in this
way are shown in Figure 4 as temperature dependencies of Ae.
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FIGURE 4 Dielectric anisotropy Ag vs. temperature AT for the nematics: I, APE 1 fraction 4;
11, APE 2 fraction 2; III, AE 1; IV, AE 2.

Figure 4 shows that Ae of APE 1 and AE 1 nematics is negative and that
of APE 2 and AE 2 is positive. The sign of EB in solutions of these com-
pounds coincides with that of dielectric anisotropy of their nematic melts in
accordance with theory of Maier and Meier [16]. The absolute Ae value of
these nematics decreases with increasing temperature, which is also typical
of nematic liquid crystals.

Figure 4 also shows that Ag values of APE 2 and AE 2 nematics coincide
within experimental error. This fact makes it possible to draw a very im-
portant conclusion, that dielectric properties of mesogenic polymers are
determined by the dipolar structure of their mesogenic cores not only in
solutions but also in nematic melts. The fact that mesogenic cores in the
polymer are bhound into macromolecular chains exerts no effect on static
electrooptical characteristics of polymer nematics.

For APE 1 and AE 1 nematics the values of Ae are similar in the high
temperature range. However, with decreasing temperature the negative Ae
of the polymer increases to an extent greater than that of its low molecular
weight analogue. The reason for differences in temperature dependencies of
Ae for APE 1 and AE 1 may be due to the fact that the polymer (in contrast
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to AE 1) exhibits not only nematic but also smectic mesomorphism. In this
case it is reasonable to associate the more abrupt increase in the negative
value of Ag for the polymer with the appearance of fluctuation cores of the
smectic phase in the nematic [17].
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