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Liquid crystalline side-chain polymers, as
well-known, show promise as electro active or
magnetro active materials for optical informa-
tion storage and processing. A number of
studies of these liquid crystalline polymers have
been published.! ~* The motion of the dipole
group in mesogenic side-chain may be observed
and interesting results are obtained by dielectric
relaxation spectra.’ ~ !5 These dielectric studies
of side-chain polymers examined films which
were aligned macroscopically using a combina-
tion of electrical and thermal treatment.
Materials very similar to those in this paper
have been reported to show piezoelectricity.!®
In this paper ‘we report dielectric behavior for
this liquid crystalline side-chain copolymer.

The Smectic liquid crystalline side-chain
copolymer used for our investigation was
supplied from Kurary Co., Ltd., and has the
following structure:
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where x:y=1:3; x+y=40. The glass transi-
tion, 7, and clearing temperature are 16 and
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117°C, respectively. The dielectric measure-
ments were made in the range 25 to 10°Hz
using a GenRad 1689 Precision RLD Digi-
bridge. The dielectric loss data are presented
here as G/w=¢"C, where G is the equivalent
parallel conductance of sample, w =2z f/Hz, ¢”
is the dielectric loss factor and C, is the
interelectrode capacitance. The sample for
dielectric measurement were prepared by
cooling to room temperature at a rate of
approximately 0.03 K min~* from the isotropic
phase. The details of the dielectric measure-
ment are reported in a previous paper.®
Figures la and 1b show the dielectric loss
data at different temperatures above the glass
transition temperature, T,. The dielectric loss
peaks observed in Figure la are very broad
from 28 to 42°C above T, in the frequency
range of about 100 Hz to 100 kHz, while those
in Figure 1b are fairly sharp curves in the
temperature 52 to 92°C. The half height width
for the material is about 1.7 units of log, ,. This
loss peak does not exhibit high frequency
shoulder in the curve such as aligned smectic
liquid crystalline polymer.!® Consequently, in
this temperature this sample shows the typical
overlapping a- and d-relaxation process, where
o- and d-relaxation processes reflect the motion
of longitudinal or transverse component dipole
moment of mesogenic head group. These
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Figure 1. (a): Frequency dependence of the dielectric loss

factor, G/w in the temperature range 29.6 to 46.0°C. Curves
1—5 correspond to 29.6, 34.1, 37.8, 42.1, and 46.0°C. (b):
Temperature range 53.7 to 92.5°C. Curves 6—12
correspond to 53.7,57.7,65.5,71.5,79.4,89.0,and 92.5°C.

results are similar to those for the smectic
siloxane copolymer.!* The dielectric loss curves
in Figure 1b are in the case of heating process
from 52 to 92°C. As shown in Figure 1b, the
magnitude of dielectric loss factor decreases
with temperature increase. However, they
increase by cooling from 92 to 52°C.

The Arrhenius plots for two temperature
ranges are shown in Figure 2. The apparent
activation energies for a- and J-processes were
198.0kJmol~! and 121.6kJmol~!, respec-
tively. Generally, a value of about 200kJ
mol ! is indicative of an a-relaxation proc-
ess!” which is commonly seen for this relax-
ation in amorphous glass-forming materials
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Figure 2. Arrhenius plots for the dielectric relaxation
frequencies of a- and §-process. (O), heating; (@), cooling.

and is associated with micro-brownian mo-
tion of the dipole groups along the chain.
However, the mechanism for this relaxation
in the liquid crystalline polymer should differ
from that in amorphous polymeric and non-
polymeric glass forming materials. The di-
pole reorientation must be constrained by
the liquid crystal potential of the amorphous
phase. A value of about 120kJmol~! for 4-
process, which is ¢-relaxation by rotation of
the mesogenic group around the backbone
chain, is reasonable. As shown in figures,
the values of maximum loss factor and the
apparent activation energies for cooling proc-
ess were quite the same as those of heating
process.

In Figure 3, we show representative loss data
obtained for the partially aligned samples with
100V rms/1 kHz, partially aligned with 300 V
rms/10 kHz and unaligned. The samples were
prepared by cooling from isotropic phase to
room temperature at a rate of approximately
0.03Kmin~! in the presence of a.c. electric
field, and then heating. In this figure an
isosbestic point is clearly seen at 3.6 units of
log,, (frequency) as detailed in previous
paper.!3 It is possible to evaluate the director
order parameter, Sy of two samples shown in
Figure 3. In a homeotropically aligned mes-
ophase the director and aligning electric field
direction are parallel, i.e., n//E, and the di-
rector order parameter Sy is unity. For a
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Figure 3. The dielectric loss factor, G/w for partially
aligned samples with 100V rms/1kHz (Q), partially
aligned with 300 V rms/1 kHz (@) and unaligned (@). The
sample temperature was 52.3°C.

planarly aligned mesophase, the director and
the aligning electric field direction are perpen-
dicular, ie., nlE and the director order
parameter is —0.5. For unaligned materials,
the director order parameter is zero. The
director order parameter S, for a partially
aligned sample is expressed using loss factor,
epa as following

epa=(1/3)e(1+255) +(2/3)e1(1-Sy) (1)

where the Sy is related to {cos?6) by the
relation (3¢{cos*0)—1)/2. For an unaligned
sample, S; is zero, so that, eq 1 becomes
deduced expression.

eu=(1/3)e} +(2/3)e ()

Since eq 1 and 2 are valid at any frequency,
we may compare loss values at any frequency
to work out the Sy. In this study we extracted
the process in a sample with a different degree
of alignment (see in Figure 3). Consequently,
&'l are absent in &5 the d-processes for partially
aligned and unaligned samples, ie., &]=0.
Therefore, ep, s may be written from eq 1 and
2 are follows,
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epas=(1/3)(1+289¢] 5= +2S)ev,s (3)

where e 5 is &) 5/3. Consequently, for a full
aligned sample loss factor ¢} is three times that
of the unaligned sample. The ratio of strengths
for the process in partially aligned and
unaligned samples using the Fuoss—Kirk-
wood’s parameter,'” B leads to eq 4.

Aepp o/Ae0 5= Em/Bleas/En/pu- 4

In this study & =processes in partially aligned
and unaligned samples had the same frequency
of maximum loss factor, f,, and the same value
of the Fuoss—Kirkwood’s parameter, f, i.e.
Bea.s=Pu s Thereofre eq 4 is given by

Aepa 5/Aey,5=(emlpa sl (Emlus=1+2Ss  (5)

Therefore, from eq 3—35, the ratio of maximum
loss factor for partially aligned and unaligned
sample leads to

Sa=(1/2)(emlea,s/(Emlu,s—1] 6

This equation is the same relation to that
obtained by Attard and Williams!® (see in eq
16 in ref 10). In our case, ¢” is related to
conductance G, i.e., G/w=¢"C,, where C, is the
geometric capacitance of the space occupied by
the sample and w is the angular frequency 2z f.
So we evaluated the director order parameter
Sy from the value of G/w in stead of ¢”. The
values of the maximum loss factors, (G/®),.x
for the partially aligned sample with electric
field 100 V rms/1 kHz and 300 V rms/1 kHz are
13.54 and 7.92, respectively, and then that of
unaligned sample is 6.17. Therefore, the di-
rector order parameter Sy for the first and
second sample from eq 6 were 0.60 and 0.11,
respectively. It was mentioned above that eq 6
should be equal to the relation obtained from
Attard and Williams.!® So we examined the
justification of eq 6. If the materials used to
study are incompletely alignment, some differ-
ent relaxation processes should be observed in
each main orientation. In this measurement
range, only two relaxation regimes, a- and -,
have hertherto been found for the liquid
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Figure 4. Representative sample of fits to the experi-
mental loss data at 52.3°C in the smectic range for degrees
of alignment. « is a scaling factor. (a) aligned with 100V
rms/1 kHz (b) aligned with 300 V rms/1 kHz (c) unaligned
sample. Solid and dotted lines are fitted curves according
toeq 7.

crystalline polymer. The dynamic process is
expressed by the Fuoss—Kirkwood empirical
relaxation function so that this relation is
written as,
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Table I. Fit parameters for loss curves
shown in Figure 4
Samples a; Bs A
Unaligned 6.17 0.76 8.12
Partial aligned, 1 13.54 0.78 17.36
(100 Vrms/1 kHz)
Partial aligned, 2 7.92 0.80 9.90
(300 Vrms/1 kHz)

G/w=assech[B5In(f/ fr,5)]
+asech[B, In(f/fn )] (7

where a; is (G/®)na, for process i, which i=«
and ¢, B is the distribution parameter and f,, ;
is the relaxation frequency. It is possible to
estimate the dielectric increment A¢” for the
entire relaxation using the Fuoss—Kirkwood’s
parameters f§; and «;. Therefore, the dielectric
increment Ag” is

(A&");=2(en/B)i=(2/Ca)ai/B)  (8)

where (Ae”); for process i is proportional to
A;=a;/B;, where iis a or . According to Attard
and Williams,'® the relation between the
director order parameter S; and the ratio of

(APA,a)/ (Au,a) is given by
(Apa,8)/(Ay,s)=1+284 &)

This relation is quite the same as eq 5. Figures
4a, b, and c show fitted curves according to eq
8 for 100V rms/1 kHz, 300V rms/1 kHz and
unaligned sample, respectively. The fitted
parameters for three samples are summarized
in Table I. The director order parameter S,
obtained from eq 9 are 0.57 and 0.11 for the
partially aligned sample with 100 V rms/1 kHz
and 300V rms/1 kHz, respectively. These val-
ues are in fair agreement with those obtained
from eq 7. Thus, from this fact, the distribution
parameter for this process is the same value,
so that S, can be determined directly from the
ratio of the strength of the loss factor.
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