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Abstract—A series of discotic liquid crystals formed by simple hydrogen bonding between phloroglucinol core and alkoxystilbazole
peripheral units was prepared. Nematic columnar and hexagonal columnar mesophases were observed depending on the length of

alkyl chains around the aromatic core.
© 2005 Elsevier Ltd. All rights reserved.

Since their discovery by Chandrasekhar et al. in 1977,!
discotic liquid crystals (DLCs) have attracted increasing
attention due to their remarkable charge transport prop-
erties including electronic conductivity,?> photoconduc-
tivity,> and photovoltaic properties.* In general, DLC
molecules consist of a disk-shaped aromatic core sur-
rounded by peripheral arms with a sufficient number
of flexible alkyl or alkoxy groups. It has been shown that
such molecules can form nematic or columnar meso-
phases through self-assembly. Columnar mesophases
further associate to form a two-dimensional network
leading to various types of columnar arrangements
including hexagonal, rectangular, and oblique arrays.

While DLC materials formed through covalent bond-
ings have been extensively studied,’ those by non-cova-
lent bondings were reported only in recent years.®!! In
particular, discotic complexes by intermolecular hydro-
gen bonding between non-identical components were
prepared only in a few cases.” '! All of these studies uti-
lized double hydrogen bonding of benzoic acid deriva-
tives. The need to incorporate the double hydrogen
bonding units, however, restricts the structure of the
counterpart component for hydrogen bonding and
requires considerable synthetic effort.
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Here, we report a simple way to prepare self-assembled
discotic liquid crystals formed by single hydrogen bond-
ing between phenol and pyridine moieties. While there
are some examples of calamitic mesogens formed by
phenol-pyridine interaction,'?>"'* no discotic mesogens
formed by such interaction have been reported. For
the construction of DLC structure, we used 1,3,5-
trihydroxybenzene (phloroglucinol, PG) as a core
molecule and trans-4-alkoxy-4'-stilbazoles (ASn) with
systematically varied alkyl chain lengths (n) as peri-
pheral units. PG and AS»n would form 1:3 three-armed
complexes (PG/ASn) by intermolecular hydrogen bond-
ing (Scheme 1). The previous work by Matsunaga et al.
showed that this type of three-armed molecules com-
posed of a small core exhibits the columnar phase.'?
In our system, it was expected that PG core and three
stilbazole arms could be assembled into hydrogen-
bonded disks and subsequently the disks stack to form
columnar phases through n—= interaction.

ASn (n=4-10 and 12) were prepared according to a
known method.!®!® The DLC complexes were obtained
by mixing PG with AS» in anhydrous acetone in a 1:3
molar ratio and subsequent slow evaporation of the ace-
tone at reduced pressure.

The formation of these hydrogen-bonded complexes was
confirmed by FTIR spectroscopy. For pure PG, a broad
stretching band of O-H, which is intermolecular hydro-
gen-bonded, was observed at 3377 cm~'. For PG/ASn
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Scheme 1. Preparation of self-assembled discotic liquid crystals.

complexes, O-H stretching band was found at a lower
wavenumber of around 2900 cm ™!, which is attributed
to the stronger hydrogen bonding between O-H and
nitrogen in the complexes. These results show that the
intermolecular hydrogen bonds between PG and ASn
are formed to a large extent. Similar results were ob-
tained for both other complexes and hydrogen-bonded
polymer blends involving phenol-pyridine interaction.!?

The stability of the hydrogen bond was investigated for
PG/AS10 by temperature-dependent FTIR spectros-
copy. PG/AS10 complex showed a mesophase between
84.8 and 146.5 °C on heating in a differential scanning
calorimetry (DSC) experiment. Figure 1 shows that
absorbance of the broad band near 2900 cm ™' is main-
tained over the mesophase range without significant
change, and decreases abruptly above the clearing tem-
perature (150 °C). These results suggest that the hydro-
gen bonding is stable in the liquid crystalline phase
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Figure 1. Temperature-dependent FTIR spectra for PG/AS10 com-
plex in the range of 2000-3800 cm ™! from 40 to 200 °C. M, mesophase;
1, isotropic phase.

and the stability of the hydrogen bond is strongly influ-
enced by molecular ordering.'*

The mesomorphic properties of PG/ASn complexes
were studied by DSC, polarized optical microscopy
(POM), and X-ray diffraction (XRD) measurements.
ASn with longer alkyl chains (n = 6-10 and 12) showed
narrow temperature ranges of smectic phase, typically
between 75 and 91 °C, while no liquid crystalline behav-
ior was observed for AS4 and AS5.!” The phase transi-
tion behaviors of PG/ASn complexes, summarized in
Table 1, were different from those of the peripheral
ASn. The complexes generally showed a wider range
of mesophases than ASn. While PG/AS4 and PG/AS5
complexes exhibited monotropic mesophases, enantio-
tropic mesophases were formed in the other complexes.
In PG/AS10 and PG/AS12 complexes, the temperature
range of the mesophase was wider than that in the other
complexes. The enthalpy of clearing transition was rela-
tively high (17-18 J g ), indicating highly ordered meso-
phase in these complexes. In POM experiments,
Schlieren textures characteristic of nematic phases were
observed for PG/ASn complexes with n = 4-9 (Fig. 2a).

Table 1. Phase transition temperatures (°C) and enthalpies (J g, in parentheses) of PG/ASn complexes®

Complex Heating Cooling

PG/AS4 Cr 49.6 (2.8) Cr’ 128.7 (67.2) 1 1124.1 (4.1) Nggp 91.0 (31.5) Cr
PG/AS5 Cr 89.1 (8.4) Cr’ 117.9 (57.3) I 114.1 (3.1) Neos 92.0° (33.3) Cr
PG/AS6 Cr 109.2 (60.4) N¢o 133.1 (5.0) I 1 120.9 (5.0) Ncor

PG/AS7 Cr 87.7° (74.2) Ny 131.7 (6.5) 1 I119.2 (7.1) Neop

PG/AS8 Cr 79.8° (61.2) Ngoy 124.3 (4.4) 1 1109.4 (4.4) N¢op 53.7 (2.1) Cr
PG/AS9 Cr 75.4 (52.5) Neop 121.5 (6.1) T I 113.1 (6.3) Neop 73.0 (5.8)° Cr
PG/AS10 Cr 84.8 (52.1) Col;, 146.5 (17.2) 1 1131.7 (18.3) Col,

PG/AS12 Cr 81.3 (56.9) Col,, 139.4 (18.6) I I 131.9 (17.3) Col, 52.1 (2.6) Cr

Cr, Cr’ = crystalline phase; N, = nematic columnar phase; Coly, = hexagonal columnar phase; I = isotropic phase.
3 Transition temperatures and enthalpies were determined by DSC (scan rate, 10 °C min ™).

® Determined at onset temperature.
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Figure 2. Polarized optical micrographs of (a) PG/AS7 at 118 °C and
(b) PG/ASI10 at 151 °C on cooling (200x).

On the other hand, PG/AS10 and PG/AS12 complexes
exhibited a pseudo-focal conic texture (Fig. 2b) and a
focal conic texture, respectively, which are typical obser-
vations for columnar mesophases.

The difference in mesophases of PG/ASn (n = 4-9) and
PG/ASn (n=10 and 12) complexes was examined in
detail by X-ray diffraction. The PG/AS10 complex
showed a sharp high-intensity peak (44.8 A) and two
lower-intensity peaks (26.2 and 22.1 A) in the small-
angle region (Fig. 3a), with a reciprocal spacings
ratio of 1:3"%2. These peaks were indexed as (10),
(11), and (20) reflections, respectively, from the two-
dimensional hexagonal lattice with a lattice constant of
51.7 A. A broad halo was observed at 4.2 A in the
wide-angle region, resulting from the average distance
between alkoxy chains. These are characteristic of a hex-
agonal columnar (Coly,) mesophase. A similar diffraction
pattern containing the (10) and (1 1) reflections was also
obtained for the PG/AS12 complex. For the PG/AS7
complex, in addition to a broad halo (4.2 A), a single
intense peak was observed at 40.1 A (Fig. 3b). The peak
is less sharp than that for the PG/AS10 complex, which
reflects a less-ordered columnar structure in the meso-
phase. This diffraction pattern of the PG/AS7 complex
indicates the formation of a nematic columnar (N¢y)
phase.2%?! These XRD results suggest that the three-
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Figure 3. X-ray diffraction patterns of (a) PG/AS10 at 140 °C and (b)
PG/AS7 at 100 °C.

armed system formed by simple hydrogen bonding is
capable of forming columnar phases through self-
assembly.

In summary, discotic liquid crystals were prepared sim-
ply through hydrogen bonding between a non-meso-
genic phloroglucinol and alkoxystilbazoles, and their
self-assembly behavior was investigated. The PG/AS10
and PG/ASI12 complexes showed hexagonal columnar
mesophases, while the other PG/ASn (n=4-9) com-
plexes formed nematic columnar mesophases. These re-
sults indicate that the type of mesophase structure was
strongly dependent on the alkyl chain length around
the aromatic core. The discotic complexes with hexago-
nal columnar mesophases may serve as dynamic charge
transport materials using reversibility of the hydrogen
bonding.
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