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It was found that the introduction of a perfluoroalkyl group
into the peripheral chains of triphenylene mesogens could
provide a strong tendency towards homeotropic alignment
of the hexagonal columnar (Colh) mesophase on a variety of
substrates, indicating a new concept of molecular method-
ology for the alignment control of a columnar mesophase.

The alignment control of liquid crystals is an important and
crucial factor in their applications. Recent studies of liquid
crystals have found new properties of functionality involving
the extension of the field to the plastic phase. In particular, the
potentiality of fast electronic carrier transport materials is
nowadays establishing a new status for mesophase materials as
a new class of organic semiconductor.1–4 However, these liquid
crystals have a higher order of molecular orientation and thus
tend to show a higher viscosity than lower ordered liquid
crystals such as nematic and smectic A phase. In the
applications of these materials in electronic devices, the
alignment control of liquid crystals is essential and therefore it
is required to find a useful method to obtain sufficient
controllability of the molecular alignment even for such highly
ordered liquid crystals.

As for discotic liquid crystals, there have been several
publications on the alignment behaviour so far and well-
designed controllability at the interface was successfully
attained for the discotic nematic (ND) phase, although extreme
difficulty was encountered for the rectangular columnar
phase.5–8 Recently, it was also reported that the columnar
aggregates formed by hexa-peri-hexabenzocoronene (HBC)
mesogens lie parallel to a poly(tetrafluoroethylene) surface
(planar alignment), when HBC macrocycles orient orthogonal
to the polymer backbone.9 Also, the first results were obtained
in the alignment control of the Colh mesophase for
2,3,6,7,10,11-hexakis(n-hexyloxy)triphenylene by vibrational
excitation.10 However, it has not been known as a general
molecular design principle that chemical modifications of a
mesogen provide a certain controllability of the molecular
alignment for a columnar mesophase without changing the
mesomorphism.

On the other hand, studies of fluoro-substituted compounds
have revealed that fluoroalkyl chains show a fluorophilic effect
with a strong affinity to neighbouring fluoroalkyl parts, while
fluorophobic interaction could work for hydrocarbon
chains.11–14 This characteristic property of fluoroalkyl groups is
likely to give a tendency to form a supramolecular structure in
liquid crystalline systems by microsegregation.15–18 Recently,
several homologues of a novel triphenylene derivative possess-
ing fluoroalkylated chains were reported to show a Colh
mesophase with higher thermal stability.19

In this work, for two homologues, 2,3,6,7,10,11-hexakis-
(1H,1H,2H,2H,3H,3H-perfluorobutyloxy)triphenylene (F1)
and the perfluoroheptyloxy derivative (F4), the alignment
behaviour of the Colh phase was investigated on the substrates
modified with polyimide, cetyltrimethylammonium bromide
(CTAB) and InSnO2 (ITO) by a polarising optical microscope
and the results were compared with those of the corresponding
hydrocarbon homologues (C1 and C4, respectively). In con-
sequence, it was strongly indicated that the introduction of

fluoromethylene groups into the peripheral chains of discotic
mesogens could easily give rise to a spontaneous homeotropic
alignment in the Colh phase.

F1 and F4 were synthesised according to the method
described elsewhere.19 Commercially available CTAB and
polyimide (JSR Co. Ltd., AL1254) were used without further
purification. The glass substrates were cleaned with ozone
cleaner before use. The polyimide-coated substrates were
prepared by a spin-coating technique (1000 rpm for 1 min),
followed by drying at 180 °C in air for 2 h. The CTAB-coating
of a substrate was carried out by dipping the substrate into a
saturated aqueous solution of CTAB, followed by drying in a
stream of N2. The mesogens were sandwiched between two
modified substrates with silica beads (diameter: 2 µm) as a
spacer. The textures were formed on cooling from the isotropic
liquid phase and were observed under crossed polarising
conditions using a polarising microscope (Olympus BH-2) in
conjunction with a Mettler FP80HT hot stage.

The optical textures on the polyimide-coated substrate are
shown in Fig. 1. Polyimide is widely used as a coating reagent
to obtain a homogeneous alignment for rod-like liquid crystals.
For discotic liquid crystals, it was reported that the discotic
nematic (ND) phase of 2,3,6,7,10,11-hexakis(4-n-octyloxy-
benzoyloxy)triphenylene exhibits a spontaneous homeotropic
alignment on the polyimide-coated substrate.5 However, an-

Fig. 1 Optical textures of the columnar mesophases on polyimide-coated
substrate for (a) F4 (100 °C), (b) F1 (165 °C), (c) C4 (80 °C) and (d) C1 (90
°C).
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other publication states that no clear tendency towards sponta-
neous alignment behaviour on polyimide film could be seen
with another chemical structure.8 This indicates that the surface
property is critical for lower ordered, and thus less viscous,
liquid crystals like the ND phase to determine the alignment
tendency. As for the Colh mesophase, there has been no report
of alignment behaviour on polyimide film. In these texture
photographs, one can easily find that F4 spontaneously aligns in
a homeotropic way on cooling from the isotropic phase, while
the others do not show any clear tendency towards alignment.

The textures formed between the CTAB-coated substrates
were similar to those seen for the polyimide-coated ones as
shown in Fig. 2. CTAB is a typical material with which to obtain
a homeotropic alignment for rod-like nematic liquid crystals.
Therefore, it could be expected that a planar alignment would be
obtained also for CTAB-coated substrates in the Colh meso-
phase, considering the interaction between the alkyl tails of the
mesogens and the surface molecules. However, a homeotropic
texture spontaneously formed in the Colh phase can be seen only
for F4, and the others exhibit non-uniformity for the align-
ment.

It is surprising to observe that the textures formed between
the ITO-coated substrates also show similar behaviour (Fig. 3).
It is quite interesting that F4 exhibits a strong character for
spontaneous homeotropic alignment on all substrates. This
indicates that the homeotropic alignment in the Colh phase
could be easily attained by the introduction of an appropriate
length of fluoromethylene chains in the peripheral parts of
discogens without the disappearance of the Colh mesophase.
These results seem to be reasonable, considering that the
homeotropic alignment is formed to get the contacting area of
the fluoro parts to the surface smaller because of fluorophobic
interaction between the fluoroalkyl chains and the surface
materials.

In addition, it is also interesting to see that C1 in the Colp
phase tends to form relatively large uniform domains.

The introduction of perfluoromethylene chains into the
peripheral tails of discotic liquid crystals may provide a new

molecular design technique for realising a spontaneous homeo-
tropic alignment of a Colh mesophase.
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Fig. 2 Optical textures of the columnar mesophases on CTAB-coated
substrate for (a) F4 (130 °C), (b) F1 (160 °C), (c) C4 (80 °C) and (d) C1
(120 °C).

Fig. 3 Optical textures of the columnar mesophases on ITO-coated substrate
for (a) F4 (135 °C), (b) F1 (160 °C), (c) C4 (80 °C) and (d) C1 (125
°C).

1679CHEM. COMMUN. , 2003, 1678–1679


