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Oblique Columnar Assemblies of Polycatenar Molecules via Click Chemistry
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Polycatenar liquid crystals (LCs) are an interesting class of
building blocks because their self-assembling behavior shares
characteristics of calamitic and discotic LCs.' Depending on the
number of peripheral chains connected to the central rigid rod,
polycatenar LCs self-organize into lamellar (like calamitic LC)/
or columnar (like discotic LC) structures in the bulk states. In
addition, 2-D packing morphologies (mostly hexagonal or rec-
tangular) of their supramolecular columns were reported to be
strongly dependent upon the shape of the column cross-section.
Due to the diverse assembling behavior, this polycatenar system
recently becomes more popular when devising functional soft
materials.

Click chemistry has received explosive attention organic and
polymeric materials, because it can provide a very efficient syn-
thetic pathway for designing self-assembling soft materials.” In
particular, this click chemistry has been extensively utilized as
a coupling reaction between alkyne and azide to simply combine
organic building units into more complex architectures.” Mean-
while, 1,2,3-triazole ring formed by the click chemistry, is an
aromatic heterocycle, resulting in its high chemical and thermal
stabilities. Thus, a linear conjugation to other aromatic groups
possibly enhances molecular anisotropy, which is a prerequisite
for achieving LC materials. In this regard, the click chemistry
could be a promising synthetic candidate for the preparation of
mesogenic groups. Despite this synthetic versatility, so far only
a few LC examples using click chemist have been reported.
Most of them were calamitic mesogens® exhibiting nematic or
smectic mesophases, and only a few of discotic LCs’ were re-
ported.

In this context, it would be interesting to use the click che-
mistry for the preparation of polycatenar LC molecules. To the
best of our knowledge, to date no polycatenar molecule using
the click chemistry has been synthesized. The designed mole-
cular structure is shown in Scheme 1. The rigid rod consists of
two 1,2,3-triazoles which are connected at 1,4-positions of the
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Scheme 1. Preparation of polycatenar compounds 1 and 2 through a
click reaction

central benzene ring. This structure was easily accomplished by
a click reaction (using Cu(I)Br and 2,2’-bipyridine as catalysts)
between azide-terminated compounds and alkyne precursor.™°

The final compounds were characterized by 'H- and BC-NMR
spectroscopies, elemental analysis, and gel permeation chro-
matography. As a representative example, the 'H-NMR spec-
trum of compound 1 displayed a signal for the protons in the
triazoles at 7.68 ppm, and other aromatic protons and benzyl
methylene protons could be assigned as might be expected
(Figure S1(a)). In addition, eight distinct carbon signals appeared
in the aromatic region of the PC-NMR spectrum of 1 (Figure
S1(b)), which corroborates the formation of the designed aro-
matic structure. Both polycatenar molecules showed narrow
polydispersities (Mw/M,) of 1.01 in gel permeation chromato-
graphy (GPC) data, indicative of high purities (Figure S2).

The thermal properties of 1 and 2 were characterized by di-
fferential scanning calorimetry (DSC) (Figure S3). Upon heating
of 1 with dodecyl peripheries, a crystalline phase went into a
LC phase at 70.2 °C, which in turn underwent isotropization at
117.4 °C. Likewise, on the heating compound 2 with octadecyl
chains displayed two endothermic peaks at 91.8 °C and 96.1 °C,
corresponding to the melting and isotropization transitions,
respectively. Also, on the cooling, the LC phase existed over an
extended temperature range from 74.5 °C to 88.4 °C.

To identify LC phases, it is often useful to examine their op-
tical textures using a polarized optical microscopy (POM).” The
LC phases of 1 and 2 were analyzed using a temperature-vari-
able POM. Similar textures in both LC phases were observed,
and a representative POM image was presented in Figure 1(a).
On slow cooling from the isotropic liquid of 2, a flower-like
texture with Maltese crosses appears, which suggests a columnar
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Figure 1. (a) Polarized optical microscopy texture of 2 taken at 88 °C on
the cooling, and the SAXS spectra of (b) 1 at 75 °C, and (c) 2 at 88 °C.
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LC phase.8

More detailed information of the LC structure could be ob-
tained by performing small and wide angle X-ray scattering
(SAXS and WAXS) experiments. In their LC phase, both com-
pounds displayed a considerable number of Bragg diffraction
peaks in the small angle region, together with a diffuse halo in
the wide angle region (Figure 1 and S4). Through fitting to
various structural models, the patterns were in good agreement
with a 2-dimensional oblique columnar structure (Col,) with a
space group of P1 (See Table S1 and S2). As illustrated in Figure
2(a), the unit cell consisting of two columns is distorted in com-
parison with conventional 2-dimensional hexagonal columnar.
To date, most of polycatenar molecules were reported to self-
organize into highly symmetric columnar structures such as
2-dimensional hexagonal or rectangular ones. On the other hand,
this type of oblique columnar assembly is still very unusual,
although only a few examples were reported.l"9 The lattice para-
meters a, b, and y were estimated to be 5.47 nm (6.82 nm), 2.98
nm (3.65 nm), and 66.1° (73.1°) for compound 1 (2) (Figure 2(a)).

Next, it is possible to calculate the number of molecules (N,
N is integer) consisting of a columnar slice by dividing the
cross-sectional volume (V.) of each column by the molecular
volume (Vy,). For this, one may simply think that the related
equationis Vo =a x b x siny x 4.5 A where 4.5 A is the column
stratum from a diffuse halo in the WAXS data.'” However, the
calculation using this equation could not afford to an integer N.
Therefore, the tilt angle (o) of the columnar slice with respect
to the normal to the columnar axis should be taken into account
(Figure Z(b)).11 Otherwise the calculated V. would be signifi-
cantly smaller than the real value. Finally, the V. should be
modified into the following equation; V.= (a x b x siny x 4.5 A)/
cosa. As far as the molecular volume (V) was concerned, the
densities were assumed to be 1.0 g/cm3.12 The resulting cal-
culations suggested that N =2 is the most plausible for both 1
and 2. When N > 2, the reduced molecular length (i.e., fully
stretched molecular length x cosa) is even shorter than the
smaller lattice parameter b, which cannot fill the 2-D unit cell.
Therefore, N> 2 can be ruled out. At N =2, the corresponding
a values were determined to be 48° and 37° for 1 and 2, re-
spectively. As compared to 1, the smaller o of 2 with longer
octadecyl peripheries might be due to the fact that the longer
octadecyl chains occupy the lateral regions of rod segments,
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Figure 2. Schematic illustrations of (a) molecular organization in the
Col, LC phase, and (b) the molecular tilt angle with respect to the
normal to the columnar axis. For reasons of clarity, alkyl chains are
omitted in (a) and (b). In (a), the darker and brighter regions indicate
the lower and upper parts of tilt rods, respectively.
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leading to a less elliptical cross-section. This could be under-
stood by considering that a completely circular columnar cross-
section is expected to have o = zero.

In summary, polycatenar molecules 1 and 2 with dodecyl and
octadecyl peripheries, respectively, were synthesized for the
first time with the aid of an efficient copper-catalyzed click
reaction. Both polycatenar molecules exhibited LC phases on
heating and cooling scans. SAXS analysis indicated that these
LC phases were revealed as unusual 2-D oblique columnar
structures. The calculations based upon the SAXS data and
molecular volumes suggested that the elliptical cross-sections
stack on top of each other with a certain tilt angle with respect
to the normal to the columnar axis.
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