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Two homologues of novel triphenylenemesogens possessing
–O(CH2)3CF3 (F1) and –O(CH2)3(CF2)5CF3 (F6) were synthe-
sized and investigated on themesomorphic behavior to reveal that
these show a hexagonal columnar (Colh) mesophase. The
mesomorphic behavior is obviously different from those of the
corresponding hydrocarbon homologues, –O(CH2)3CH3 (C1)
and –O(CH2)8CH3 (C6). Interestingly, it was found that F1
shows a disordered Colh phase, though C1 forms only a plastic
hexagonal columnar (Colhp) mesophase.

Fluorinated materials have attracted much attention because
of their unique properties. The substitution of hydrogen atom by
fluorine one increases chemical and oxidative stability, weath-
erability and melting point, while it decreases flammability,
adhesion, dielectric constant and refractive index.1 It is thought
that these characteristics of fluorinated compounds are derived
from the property of fluorine atom and unique physical property
of C–F bond. Especially, it is well known that the fluorinated
alkanes are more rigid than the corresponding hydrogenated
alkanes, and that fluorophilic interaction works among fluoroal-
kyl chains, whilst among fluoroalkly and alkyl chains fluoropho-
bic interaction acts.2 These intermolecular interactions relating to
fluoroalkyl chains are interesting in terms of not only mesophase
formation but also its functionality.

As for a calamitic liquid crystal, it was shown that the
fluorophilic and the fluorophobic interactions around the terminal
fluoroalkylated chains enhance the mesophase thermal stability
and facilitate the formation of smectic phase.3 On the other hand,
for discotic liquid crystals, only one report has been so far, in
which any clear effects of the fluoroalkyl chain on the discotic
mesomorphism were not shown.4

In this work, two homologues of novel triphenylene meso-
gens with fluorinated parts in the chains (F1 and F6) were
synthesized and a new aspect of fluorination of the peripheral
chains in a discotic mesogen was found.

Two homologues, 2,3,6,7,10,11-hexakis-
(1H,1H,2H,2H,3H,3H-perfluorobutyl)triphenylene (F1) and
2,3,6,7,10,11-hexakis(1H,1H,2H,2H,3H,3H-perfluorononyl)tri-
phenylene (F6) were synthesized according to the literatures with
some modifications.5 The identifications of compounds were

carried out by 1H NMR, 19F NMR, IR and TOF-MS spectra with
elemental analyses.6

Figure 1 shows DSC curves of F1 and F6 on heating run and
two endothermic peaks were observed, which correspond to the
melting and clearing points. The textures of these mesophases
were typical for columnar mesophases. The phase transition
temperatures and enthalpieswere summarized inTable 1with the
parameters for the corresponding hydrocarbon homologues (C1
and C6). X-Ray diffraction measurements revealed that both of
F1 and F6 exhibit hexagonal columnar (Colh) mesophase with
disordered columns (Figure 2). The observed reflections for the
mesophase showed a spacing ratio of 1:1/

p
3:1/2 which is an

evidence of hexagonal arrangement of columns. A broad halo is
also observed in thewide angle region (ca. 4.1 �A) derived from the
molten peripheral chains.7 Furthermore, one additional broad
halo is seen at ca. 5.2 �A for F6 and this could be related to the
averaged value of the interchain distance for the perfluoroalkyl-
ated parts, considering the estimated value (5–6 �A) for the

Figure 1. DSC traces ofF1 and F6 (heating rate at
5 �Cmin�1). C: crystal, Colh: hexagonal columnar
mesophase, Iso: isotropic liquid.

Table 1. Phase transition parameters of F1, F6 and the corre-
sponding alkyloxyderivatives (C1 and C6)

Compound Transition Temperature/�C �H/kJmol�1

F1 C!Colh 132 22.1
Colh!Iso 171 4.7

C1a C!Colhp 87 24.7
Colhp!Iso 144 20.5

F6 C!Colh 89 55.2
Colh!Iso 183 5.2

C6 C!Colh 56 72.9
Colh!Iso 77 2.7

aColhp: plastic hexagonal columnar phase.
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diameter of perfluoroalkyl chain rod.8 The lattice constants ahex of
the Colh phases show the similar values to those of C1 and C6
(19.2 �A and 25.2 �A, respectively). The X-ray diffraction para-
meters are summarized in Table 2.

An enhancement of the thermal stability of Colh mesophase
was found for F1 and F6 in comparison with those ofC1 andC6.
It was also observed that the fluoromethylene chain enlarges the
transition enthalpy of the clearing point of Colh phase. Further-
more, it is very interesting to see that, for both F1 and F6, no
reflection peaks derived from the intracolumnar order was
detected in XRD patterns of Colh mosophase. This means that
F1 forms a disordered Colh mosophase, whileC1 shows so-called
plastic hexagonal columnar (Colhp) one.

9 The disordered colum-
nar phase even for the shorter chains is the first observation as the
effect of fluorinated alkane on columnar mesomorphism of
discotics. The strong interaction among the terminal trifluoro-

methyl groups might form a tube-like rigid structure in a column
and the larger size of the fluorinated parts than the hydrocarbon
alkanes might provide an enough space for the mobility of
triphenylene cores within the columns. These results are inter-
esting in terms of not only chemistry of liquid crystals, but also
supramolecular chemistry.
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Figure 2. X-Ray diffraction patterns of Colh mesophase for F1
(125 �C) and F6 (80 �C) on cooling.

Table 2. Observed parameters of X-ray diffractions for F1 and
F6

Compound ahex/ �A hkl dhkl/ �A

F1 (125 �C) 18.2 100 15.8
110 9.1
200 7.9

4.1 (broad)
F6 (80 �C) 26.1 100 22.6

110 13.0
200 11.4
210 8.5

5.2 (broad)
4.1 (broad)
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