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The dynamic viscoelastic properties for [4-[w-(cholesteryloxy carbonyl)alkoxycarbonyl]phe-
nyljferrocenes with hexyloxy and octyloxy groups as an alkoxyl group were measured as
functions of temperature and frequency. These samples showed liquid crystallinity. The
results obtained here suggest that a kind of molecular order exists in the temperature range
from the clearing point to about 20 degrees above it, in the liquid phase. Furthermore, the val-
ues of apparent activation energy in the liquid crystalline phase are as large as those of a pri-
mary dispersion of polymers, and its activation energy is not affected by the structural change
at the clearing point.

Keywords. ferrocene derivative; liquid crystal; metallomesogen; dynamic viscoelastic prop-
erty; phase transition
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INTRODUCTION

A liquid crystalline ferrocene derivative is one of the typical
metallomesogens, that is, the metal-containing liquid crystals. In our
laboratory, a series of monosubstituted ferrocene derivatives, [4-[w-
(cholesteryloxycarbonyl)alkoxycarbonyl]phenyl]ferrocene (abbreviated
to CAPF-n, where n is the number of carbon atoms in the methylene
chain), had been synthesized[1,2]. The general structure of CAPF-n is

shown below.

CoszHmconcéj:j)vvk

CAPF-n (n=1-11)

O

The series covers from CAPF-1 to 11. Phase transition
phenomena of CAPF-n have been studied by differential scanning
calorimetry, polarizing microscopic observation, X-ray diffraction
methods, and so on{1-6]. Seven kinds of them (CAPF-2, 4, 6, 8, 9, 10
and 11) gave rise to a smectic C phase from a supercooled liquid.

In this study, dynamic viscoelastic properties of CAPF-6 and 8
were measured as functions of temperature and frequency in order to
discuss the phase transition phenomena in further detail. The dynamic
viscoelastic measurement can be utilized to the study on the phase
transition phenomena of low molecular weight liquid crystals, because

such method is very sensitive to the structural change.
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EXPERIMENTAL

The samples, CAPF-6 and 8, were synthesized in our laboratory. The
synthetic procedures were previously described in detail[1]. The
samples synthesized here were confirmed thoroughly pure as they gave
only one spot on a TLC analysis.

The dynamic viscoelastic measurement was made using a
theometer (Rheometrics RDS-2). The apparatus has a cone-plate
rotating shear geometry. The cone angle was 0.1rad and its diameter
was 25mm. The sample was heated up to 403K, and was maintained at
the temperature for Smin. Then the measurement was started. A storage
(G") and a loss (G ") moduli were obtained in the temperature range of
303-373K and in the frequency range of 0.314-1000 rad/s (0.05-160Hz).
The scanning rate of temperature was 2K/min. All measurements were

carried out under an atmosphere of nitrogen.

RESULTS AND DISCUSSION

The meltings of as grown CAPF-6 and 8 were observed only on the 1st
heating at 341 and 338 K, respectively. The phase transition behavior of
these compounds after the 1st cooling is summarized in Figure 1

(scanning rate : 2K/min).

297K 324K .
CAPF-6  Glass &= > Sc< > Liquid

298K 322K

294K 326K .
CAPF-8  Glass o ? Sc< > Liquid

293K 325K

FIGURE 1 Phase transition behavior of CAPF-6 and 8.
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The temperature and frequency dependence of dynamic moduli
is explained mainly for the case of CAPF-8, because the results of
dynamic viscoelastic measurements for CAPF-6 and 8 are very similar

to each other.

T D l fD ic Moduli
Figure 2 shows the temperature dependence of the storage modulus
(G’), the loss modulus (G”) and a loss tangent (tand ) at 62.8rad/s
(10Hz) for CAPF-8 obtained in the heating process. The values of G’
were smaller than those of G” in not only the liquid state but also the S¢
phase. This fact suggests that the S. phase shows a viscous character
rather than an elastic one, whereas the smectic phase is generally
regarded as showing the elastic character[7]. Such viscous character in
the S phase indicates that the degree of the molecular order in the

phase is relatively low. This result coincides with that from an X-ray

1x10°
~ 1x10°
§
Emo‘ L E
o
B 1x10’
1)(100 ......... Liaaaisaan lassitiias ST lxlOo
300 320 340 360 380

Temperature / K

FIGURE 2 Temperature dependence of G’, G” and tané
at 62.8rad/s (10Hz) for CAPF-8 on heating.
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data. That is, reflections corresponding to long spacings were weak and
broad compared with those of other smectic liquid crystals[3,4].

An abrupt drop of G’ was not observed around the clearing point
(326K), but a small anomalous change was observed. In the liquid
phase, G’ decreased gradually with increasing temperature, and it seems
that G’ converges to a constant value at about 20 degrees higher than
the clearing point. Such behavior is different from that observed for
other low molecular weight liquid crystals[8]. These results suggest that
a kind of molecular order exists in this temperature range even in the
liquid phase. This molecular order may be very short range one and/or
locally existing one. It can be thought that an intermolecular week
interaction exists between ferrocenyl moieties of the longitudinal
neighboring molecules. This consideration is supported by the result of
X-ray measurement, that is, the S. phase has a double layer

structure[3,4].

E D i £ ic Moduli
The principle of time-temperature superposition is most useful in order
to determine the frequency dependence of dynamic moduli. Figure 3
shows a G’-frequency master curve for CAPF-8 (reference
temperature:303K).

The G’ values in a lower frequency range at higher temperature
region deviate from a single master curve, in contrast with those in a
higher frequency range at lower temperature region, where the G’
values are well superposed on to the master curve. Furthermore, this
tendency becomes greater above the clearing point(326K). It is
considered that the smectic structure changes gradually into less order

over several tens of degrees across the clearing point. This result is in



Downloaded by [University of Haifa Library] at 12:40 16 August 2012

130/[564] NAOTAKE NAKAMURA et al.

1x10°
[
6
~Elx10 1
Q
L
%\1)(10 1
{: X
1x10° %goégb
- J 0363K
x
1x10*  1x10” 1x10° 1x10°

w /rad/s

FIGURE 3  G’-frequency master curve for CAPF-8.

good agreement with the results of the temperature dependence of G’
mentioned above.

In general, apparent activation energy is estimated from a shift
factor a; . This a; is defined as an amount of horizontal shift of G’ to
the master curve along the frequency axis. It is assumed that a; follows

the equation,

logar

“2303R\T T,

AH, (l 1)

, where AH, is the apparent activation energy, R is the gas constant, T is
the absolute temperature, and 7, is an arbitrary reference temperature.
In this case, AH, can be estimated from the plot of log a; against 1/T.
However, no linear relationship was recognized in the data obtained

here. On the other hand, if log a; conforms to the WLF equation,

c,(T —T,)

logar--c +T-T,
2 —4ir
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, where ¢, and c, are constant, AH, is calculated from next equation.

AH, = 2303R

d logar

d_(l/Fy = 2.303R

2
ac,T

(Cz"'T"T;)z

In Figure 4, -(7-T,)/loga; is plotted against T-T,. As is evident from

Figure 4, the data give good linear relation in spite of spreading over

two phases across the clearing point. The apparent activation energies

«T-T,)/logar /K

FIGURE 4
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Plots of -(7-T,)/loga; against T-T, for CAPF-8.

TABLE1 AH, of CAPF-6 and 8.
Temperature / K AH_ / kl/mol
CAPF-6 CAPF-8

303 652 388
308 441
313 321 232
318 247 188
323 196 157
328 161 134
333 135 116
338 116
343 90
353 73
363 61
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AH, for CAPF-6 and 8 estimated from the WLF equation are listed in
Table 1. The values of AH, in the liquid crystalline phases are very
large as those of a primary dispersion of polymers. In our previous
study, similar results were obtained by dielectric dispersion
measurements for the compounds[6]. From these results, it is
considered that the apparent activation energy AH, is not affected by the
structural change at the clearing point. The large values of AH, may be
due to an intermolecular friction from the peculiar shape of the
molecule. This consideration is supported by the large values of
dynamic moduli in the liquid crystalline phase, as those of polymers,
which is more than two orders of magnitude lager than those of other
low molecular weight liquid crystals. In addition, these facts may be

correlated to the molecular order remaining in the liquid phase.
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