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Characterization of the B6 phase by dielectric measurements
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Mühlpforte 1, D-06108 Halle, Germany

(Received 11 September 2000; in � nal form 13 November 2000; accepted 23 November 2000 )

Dielectric measurements on a sample from banana-shaped molecules were carried out between
1 Hz and 10 MHz. The sample exhibits at higher temperatures the B6 phase and at lower
temperatures the B1 phase. No diŒerence in the dynamical behaviour between these two
phases with respect to the relaxation times, dielectric increments and distribution parameters
could be detected. Both phases show a negative dipole correlation for the reorientation of the
dipoles in the stiŒmiddle part about the long axes.

1. Introduction the electrical conductivity. The phase transition temper-
atures were estimated using heated stage polarizingIn 1996 Niori et al. [1] discovered a new system of

mesomorphic phases formed by banana-shape d molecules. optical microscopy and are given in K. The data were
obtained by microscopic observation during coolingTo date, eight polymorphic phases are known and

most of them are characterized by X-ray measure- and heating with a rate of 5 K min Õ 1. A hysteresis was
observed only for the B1 /Cr transition temperature.ments [2, 3]. Thus, for example, banana-shape d molecules

form an intercalated smectic structure in the B6 phase
with well de� ned layer distances and strong � uctuations
in the lateral directions. In the model proposed by Diele
and Weiss� og [3], the direction of bend changes to the

Cr 407 B1 415 B6 421 I [10]
opposite direction in the short range. In contrast to this,

Dielectric studies were carried out in the frequency rangethe lateral arrangement of the molecules in the B1 phase
from 1 Hz to 10 MHz using the Solartron Schlumbergeris more ordered. Also in this case, the lateral dipole
Impedance Analyzer Si 1260 and a Chelsea Interface. Amoments appear to compensate each other. In the B1
brass cell coated with gold (d 5 0.10 mm) was used asphase the molecules form a two-dimensional rectangular
capacitor and this was calibrated with cyclohexane. Thecell. In the third dimension, columns are formed. Dielectric
sample could not be oriented. The dielectric absorptioninvestigations should help us to understand the speci� c
(e ¾ ) and dispersion (e ² ) data for the two mesophases arerelations and dynamics for these diŒerent banana phases.
shown in � gure 1. Measurements were made duringIn previous measurements it was demonstrated that
cooling.the B1 [4], B2 [5–7], B3 , B4 [8], B7 and B8 [9] phases

show a typical dielectric behaviour which can be partially
used as a ‘� ngerprint’ for the diŒerent modi� cations. In
the B1 phase a very weak high frequency absorption was
detected (in contrast to the B2 phase [7]) which supports
the proposed antiparallel order of the lateral dipoles [3].

2. Experimental
As the sample for study, compound 1 was chosen; this

was synthesized by the reaction of 1,3-phenylenediamine
with 4-(4-n-hexyloxybenzoy loxy)benzaldehyde in ethanol
in the presence of catalytic amounts of acetic acid
[10]. The sample was carefully crystallized to reduce

Figure 1. Dielectric constants (e ¾ ) and losses (e ² ) of 1 in the*Author for correspondence;
e-mail: kresse@chemie.uni-halle.de B1 and B6 phases.
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e ¾ and e ² were � tted together as the real and imaginary
parts of equation (1) to extract the speci� c behaviour of
the diŒerent phases. Equation (1) consists of one Cole–
Cole mechanism (term 2), a conductivity contribution
(term 3) and term 4 for the description of the capacitance
of the double layer at low frequencies:

e* 5 e1 1
e0 Õ e1

1 1 (ivt)1 Õ a
1

iA
f

1
B
f N

(1)

with e0 and e1 as the low and high frequency limits of the
dielectric constant, v 5 2p f ( f 5 frequency), t 5 relaxation
time, a 5 Cole–Cole distribution parameter; also, B and Figure 3. Speci� c conductivity of 1.
N are further � t parameters describing the capacity of
the double layer. The parameter A in the conductivity at the phase transitions I/B6 and B1 /Cr. The speci� c
term allowed us to calculate the speci� c conductivity s conductivity of the B6 modi� cation cannot be clearly
according to separated from that of the B1 phase. This indicates that

the B6 phase is a mesophase involving fast dynamicss 5 A2pe0 (2 )
of the molecules, like the B1 phase.

with e0 5 8.85 Ö 10 Õ 12 A s V Õ 1 m Õ 1. In contrast to a The high frequency limit of the dielectric constant of
former measurement [4], where a second Cole–Cole about e1 5 5.3 (see � gure 2) and the low dielectric con-
term for the description of an additional low frequency stant in the solid state of e ¾ 5 3 indicate that there must
mechanism had to be introduced, in our case one exist an additional relaxation process with a relaxation
relaxation term was su� cient for the description of time outside our experimental range (smaller than
the data. The reasons for this diŒerence may be that the 0.03 ms). This fast process is probably connected with
relaxation frequency is too low, and the small intensity the reorientation of the terminal alkyloxy groups and
of the second mechanism. Therefore, it was not possible contributions from the dynamics of the carboxylic ester
to separate it from the conductivity. The respective groups. The relatively small dielectric increment of the
� tted dispersion and absorption curves according to detected relaxation process (e0 Õ e1 5 0.4) is related to
equation (1) are shown in � gure 1. the reorientation of the stiŒcentral part of molecule 1

(see also [6]). The relaxation times given in � gure 4
3. Results and discussion decrease at the transition from the B6 into the isotropic

The calculated limits of the dielectric constants are phase as can be seen from the � rst point, probably
presented in � gure 2. Both the I/B6 and the B1 /Cr measured in the two-phase range. This seems to be a
transitions show the expected decrease in the dielectric typical behaviour of bent-core molecules [6]. There is no
constants. This points to the above-discussed antiparallel diŒerence in the relaxation times at the B6 /B1 transition.
order in the short range. Also no remarkable change in the dielectric increments

The speci� c conductivity calculated from the measured which are 0.40 Ô 0.05 and the distribution parameters a
data between 1 and 100 Hz according to equation (2) (0.25 Ô 0.05) could be observed at this transition. In
is shown in � gure 3. Remarkable decreases can be seen � gure 2 only a very small decrease of e1 at the B1 /B6

transition can be seen which may indicate a small change
in the dynamics at higher frequencies.

Figure 2. Limits of the dielectric constants measured during
Figure 4. Relaxation times of 1.cooling.
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