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Thermal behaviors of a-disubstituted oligothiophenes were
investigated. 5,5"-Dicyanoterthiophene having thiophene rings
as the rigid core exhibited a nematic liquid crystalline phase at
205 °C on cooling. It should be emphasized that this molecule
lacks in aflexible substituent such as along akyl chain.

Organic semiconductors fabricated with 7=conjugated
polymers and oligomers have attracted much attention in the
past few years.! In particular, polythiophenes and oligothio-
phenes can have high carrier mobility and emission efficiency
and are extensively studied for the application to organic thin
film transistors and organic light-emitting diodes. There has
been a growing interest in conjugated polymers and oligomers,
partly because some of them exhibit liquid crystalline phases.?2

The molecular orientation of the reconjugated polymers
and oligomers is an important factor that affects the charge-car-
rier mobility. From this viewpoint, the liquid crystalline mate-
rials are useful, because they can be obtained as homogeneous
thin films with expected high carrier mobility. Though the lig-
uid crystalline behaviors of polythiophenes have been exten-
sively investigated, few studies have been reported on the liquid
crystalline behaviors of oligothiophenes.#® As for the electric
properties of the mesophase, Matharu et a. reported that bi- and
terthiophene based chiral esters exhibit ferro-, ferri- and antifer-
roelectric behaviors.l® Funahashi et al.* reported that dialkyl-
terthiophene derivatives exhibit fast electron transport in their
smectic phases. The excellent transport characteristics should
be attributed to the crystal-like molecular ordering in smectic
phases. For relatively small oligothiophenes, the attachment of
akyl chains to the oligothiophene core has been a prerequisite
for the appearance of the liquid crystalline phases.2 However,
the presence of akyl chains in the molecules is not preferable
since they dilute the concentration of the oligothiophene core,
the functional unit, in the material.

In this paper, we report on the thermal behavior of severa a-
substituted oligothiophenes, which have molecular shapes similar
to those of typical thermotropic liquid crystals such as substituted
biphenyls and terphenyls, using polarizing microscopy and dif-
ferential scanning calorimetry (DSC). We have selected small
and simple substituents to avoid the dilution of the oligothio-
phene core as much as possible. We have focused on terthio-
phene because the melting points of larger oligothiophenes will
be very high and hence the temperatures for the appearance of
liquid crystalline phases, if any, will be too high for the practical
applications. The influence of the substituent at the a-position
on the thermal behavior is discussed.

Several a—disubstituted oligothiophenes (Figure 1) were
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Figure 1.

synthesized according to the literatures!3* and were identified
by IR spectroscopy, mass spectroscopy, UV—vis spectroscopy
and measurements of melting point. The thermal properties of
the a-substituted oligothiophenes have been characterized by
DSC and microscopic observations. Microscopic observations
of mesophase textures were performed with a BH-2 (Olympus)
with an FP80 hot stage and central processor (Mettler). The
DSC measurements were performed with a DSC6200 (Seiko
Instruments Inc.) at a heating and cooling rate of 10 °C-min-2.

Table 1. Influence of the substituent at the a-position on
the thermal behavior

Substituent at the
a-position  (-X)
s

Liquid crystallinc phasc
x~<<\ /ﬁx

-H none
-Br none
-CHj; none
-CHO none
-CN nematic phase (at 205 °C)

The influence of the terminal substituents on the phase
transition was investigated. We selected small substituents
such as bromo, methyl, aldehyde and cyano groups. The results
are shown in Table 1. 5,5"-Dicyanoterthiophene is the only one
that exhibits a liquid crystalline phase among the compounds
studied. Polarizing micrograph of 5,5"-dicyanoterthiophene is
shown in Figure 2. The disclination lines that are characteristic
of a nematic phase are evident at ca. 205 °C on cooling. This
texture was instantaneously observed. Schlieren texture was
also observed under different sample conditions.

Figure 3 shows the DSC thermogram of 5,5"-dicyano-
terthiophene. On cooling, an exothermic peak due to the transi-
tion between an isotropic phase and a liquid crystal phase is
evident near 205 °C, which is below the melting point of the
crystal. The AH value of the phase transition is ca. 1 kJmolL.
The relatively small value suggests the existence of a
mesophase with high symmetry.

These results suggest that the liquid crystalline phase is a
nematic phase. This nematic state is monotropic and occurs

Copyright © 2001 The Chemical Society of Japan



Chemistry Letters 2001

Figure 2. Polarizing micrograph of 5,5"-dicyanotcrthiophenc.
(at 205-206 °C, on cooling) Imm X 1mm.
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Figure 3. DSC thermogram of 5,5"-dicyanoterthiophene.
(heating and cooling rate of 10 °C-min™").

only in the supercooled isotropic liquid below the melting point
of the crystal. It should be noted that 5,5"-dicyanoterthiophene,
which has no flexible substituent such as a long akyl chain,
exhibitsaliquid crystaline phase.

The most stable conformation of terthiophene is calculated
to be anti—gauche form, i.e., slightly twisted all-anti form.15
For simplicity’s sake, we assume that terthiophene takes planar
al-anti form because the stability of this form is similar to that
of anti—gauche form. The molecule is hence classified as C,,,
with dipole moment parallel to the short axis of the molecule.
The substituents are inclined with respect to the long axis of the
molecule and the direction of the sum of the dipole moment of
the symmetrically substituted groups is the same with or oppo-
site to that of the terthiophene core (Figure 4). The dipole
moments of terthiophene, dibromoterthiophene, dimethyl-
terthiophene, terthiophenedicarbaldehyde and dicyanoterthio-
phene are estimated to be 0.66, 0.83, 0.58, 1.92 and 1.90 D,
respectively.1® The increase in the dipole moment increases the
dipole-dipole interaction between molecules, which will favor
the appearance of a liquid crystalline phase. The different
behaviors of dicyanoterthiophene and terthiophenedicarbal de-
hyde with similar magnitude of dipole moment may be due to
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Figure 4. All-anti form of a-disubstituted terthiophene.
The direction of the sum of the dipole moment of the two
substituents is parallel to the short axis of the molecule
because the directions of the substituents have the same
finite angles with the long axis.

the larger molecular length of the former than that of the latter.
These results have revealed that the appearance of the
mesophase depends strongly on the substituent at the a-posi-
tion.

In summary, we have found that 5,5"-dicyanoterthiophene
exhibits a liquid crystalline behavior at 205 °C on cooling. It
was concluded that the liquid crystalline phase is a nematic
phase based on the microscopic observation of mesophase and
the results of thermal analysis. The appearance of the liquid
crystalline properties depended strongly on the substituent at
the a-position, indicating that the liquid crystalline behavior of
oligothiophenes can be controlled by the appropriate selection
of the substituents.
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