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Dielectric behaviour of liquid crystals with a pyramidal

central unit
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Dielectric measurements of oligomeric cyanobiphenyls connected to a pyramid-like central
unit are presented. The data are interpreted in terms of the dynamics of the liquid crystalline
units. There is no indication of reorientation of the central unit as whole or co-operative
eVects of piled up central units.

1. Introduction All temperatures are given in Kelvin. The glass trans-
itions which could be observed by DSC measurementsRod-like liquid crystalline molecules can be connected

in diVerent ways to oligomeric or polymeric aggregates using a cooling rate of 10 K min Õ
1 have not been

reported before in the literature [7]. It should be pointed[1]. One example is esteri® cation using multifunctional
alcohols or acids [2]. This gives the possibility of out that the central core is not planar and therefore,

one can expect ferroelectric behaviour if the cores areobtaining oligomers with a de® nite structure. Especially
interesting are multifunctional central cores which them- piled up [8]. Furthermore, the unsymmetrical substitu-

tion of compound 2 can result in an additional dielectricselves can aggregate into columns Ð for example, disk-
and pyramid-like molecules [3± 5]Ð and form in this relaxation range if the coupling between the core and

the strongly polar cyanobiphenyl units is strongway columnar liquid crystalline phases. Here one can
expect a competition between two organizational prin- enough [9].
ciples which are dominated either by the side groups
(classical nematic and smectic types) or by the cores 2. Experiments

The dielectric measurements were carried out using a(columns). One class of such supramolecular units con-
tains derivatives of cyclotribenzylene synthesized for the brass capacitor (d=0 2́ mm). Capacity and resistance

were measured by an impedance analyser HP-4192A.® rst time by Tschierske and co-workers [6, 7]. Some of
these specially designed compounds for dielectric investi- The whole measurement, including temperature control,

was run by a computer. The sample could not begations are shown below ( ® gure 1).

Figure 1. Structures of the com-
pounds with pyramidal cores.

Comp.1 : Cr 368 (g 262) SmA 389 I Comp.2 : Cr351 (g 263) SmA 380 I

*Author for correspondence.
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880 H. Kresse et al.

oriented by an external magnetic ® eld of 0 7́ T or a bias SmA phase indicates a spontaneous orientation of the
layer normal perpendicular to the electrical measuring® eld of 35 V. The measurements were performed during

cooling. Experimental data for the dielectric absorption ® eld.
In both cases the experimentally obtained dielectricof both samples are given in the 3D plots in ® gures 2

and 3. There is only one extended absorption range losses were ® tted to two Cole± Cole equations with
consideration of the imaginary term jA/f N for the con-which is superimposed by the conductivity at low fre-

quencies. For an ideal homeotropic orientation of such ductivity:
single axis systems one can expect an increase of the
absorption intensity by a factor of three at the transition e*=e2+

e0 Õ e1

(1+jvt1 )1 Õ a1
+

e1 Õ e2

(1+jvt2 )1 Õ a2
+

jA

f N . (1 )
into the SmA phase. The decrease of the absorption
intensity at the transition from the isotropic into the For the ® t, only the imaginary part of equation (1) was

used. Parameters are the dielectric increments
en Õ en+1=Dn+1 , the relaxation times tn+1 and the distri-
bution parameters an+1 at diVerent temperatures. The
quantity v=2pf ( f=frequency) was changed by vari-
ation of f from 0 1́ to 107 Hz. From t the relaxation
frequencies fR were calculated according to fR= (2pt) Õ

1 .
The ® rst mechanism is related to the reorientation of

the CN dipoles about the short axes of the molecules.
Due to the spontaneous orientation of the layer normal
perpendicular to the electrical measuring ® eld, this part
is reduced and one observes a relatively strong contribu-
tion from the reorientation about the molecular long
axis at higher frequencies [10]. This cannot be neglected
( ® gure 4 ) and it was considered as the second
mechanism.

The ® tting parameters of the low frequency mechan-
ism 1, D1 , a1 and t1 were used to calculate the static
dielectric constants e0 . This was necessary because the
measured e increases at low frequencies due to the
formation of an electrical double layer. In order to

Figure 2. Dielectric loss of compound 1.
consider this eVect, the conductivity term in equation
(1) was replaced by B/f n and only the real part of

Figure 4. Measured points of e and the respective ® tted curves
according to equation (1) for compound 2 at T =371 K.
The ® t parameters are: D1=1 2́8, f1=25 5́ kHz, a1=0 1́69,
D2=1 9́5, f 2=0 5́06 MHz, a2=0 6́83, A=39 7́ and N=

Figure 3. Dielectric loss of compound 2. 0 7́71.
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881Dielectric behaviour of pyramidal L Cs

equation (1) was used. The additional term is a more
general way to express the slope of e far away from the
relaxation frequency [11]. The advantage of this proced-
ure is that the static dielectric constants e0 can be better
calculated in samples with a high conductivity. Due to
the incomplete orientation, only the e0 data in the
isotropic state can be discussed.

3. Discussion

The Arrhenius plot of the relaxation times for the low
frequency process in ® gure 5 shows for both samples a
step by a factor of ® ve in the relaxation times. Such a
behaviour is typical for a reorientation about the molecu-
lar short axis in lamellar systems and re¯ ects the change
in the order [10]. Furthermore, there are deviations

Figure 6. Static dielectric constants in the isotropic phase.from the straight line at lower temperatures. This and
the high mean activation energies indicate the in¯ uence

interactions of the side groups. The central cores areof the glass temperature on the dynamics. As demon-
decoupled from the liquid crystalline cyanobiphenylstrated in ® gures 2 and 3, there is no indication of an
units. Furthermore, the cores are not piled up and theyadditional relaxation mechanism, even at lower temper-
show a more uncorrelated arrangement between theatures. Therefore, one has to assume that there is no
smectic layers.rotation in compound 2 of the central unit like that of

a disk. This should also be aVected by the glass transition
The authors gratefully appreciate the ® nancial supportand therefore, it should be detected at lower temper-

from the Fonds der Chemischen Industrie.atures. Furthermore, no anomalies in the dielectric beha-
viour were observed; this makes ferroelectricity
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