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Abstract—Five novel pyridinium salts tethered with hexaalkoxytriphenylene molecules were synthesized by the quaternization of
pyridine with ©-bromo-substituted triphenylene derivatives. Their chemical structures were determined by '"H NMR, '>C NMR,
IR, UV spectroscopy and elemental analysis. The thermotropic liquid crystalline properties of these salts were investigated by polar-
izing optical microscopy and differential scanning calorimetry. These triphenylene-based pyridinium salts with bromide as counter-

ion were found to be mesomorphic over a wide temperature range.

© 2005 Elsevier Ltd. All rights reserved.

Ionic liquids are currently attracting considerable atten-
tion as ‘green’ solvents for various chemical reactions.'
Additionally, it is well known that ionic molecules form
amphotropic liquid crystals (LCs).? They have great po-
tential as ordered reaction media that can impart selec-
tivity in reactions by ordering reactants.® The formation
of supramolecular assemblies containing ionic liquids
may find applications as heat carriers in solar—thermal
energy generators and as electrolytes for batteries and
capacitors.* Alkali metal soaps were the first salts iden-
tified as displaying liquid crystalline properties, followed
by alkylammonium, pyridinium, vinamidinium, phos-
phonium, imidazolium, salts, etc.’ The majority of ionic
liquid crystals belong to the calamitic liquid crystal
groups, however, a few discotic ionic liquid crystals
are also known.°

Discotic liquid crystals are renowned for their one-
dimensional charge and energy migration properties.
Conductivity along the columns in columnar meso-
phases has been reported to be several orders of magni-
tude greater than in the perpendicular direction.” These
supramolecular assemblies are of fundamental impor-
tance not only as models for the study of energy and
charge migration in organized systems but also as
functional materials for device applications such as,
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one-dimensional conductors, photoconductors, light
emitting diodes, photovoltaic solar cells, gas sensors,
etc.® Recently, Yoshio et al. reported one-dimensional
ion transport in self-organized columnar ionic liquids.’
Despite the non-discotic shape of the trialkoxybenzene
substituted imidazolium salt, it forms a columnar
phase in which the ionic conductivities parallel to the
columnar axis were found to be higher than those
perpendicular to the axis.® Similarly, rod-shaped 3,5-
diaryl-1,2-dithiolium salts were also reported to exhibit
columnar mesophases.'°

Compared to the large number of calamitic pyridinium
ionic LCs, discotic liquid crystalline pyridinium salts
are rare. The Ringsdorf group reported the synthesis
of a multipolar triphenylene amphiphile with six pyridi-
nium head groups. The molecule was reported to form
lyotropic mesophases with water.®® The highly unstable
nature of a columnar phase forming a 2,4,6-triaryl-
pyridinium salt was mentioned by the Veber group.®
To the best of our knowledge monopyridinium salts
tethered to a triphenylene discotic liquid crystalline
unit has not been explored. In this communication,
we describe the synthesis of five novel pyridinium bro-
mides containing hexaalkoxytriphenylene units and the
characterization of their thermotropic liquid crystal-
line properties.

Compounds 5 were synthesized by the route shown in
Scheme 1. Hexalkoxytriphenylenes 2, monohydroxytri-
phenylenes 3 and ®-bromo-substituted triphenylenes
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Scheme 1. Synthesis of triphenylene-substituted pyridinium salts. Reagents and conditions: (i), (ii) and (iii) as given in Ref. 10, (iv) pyridine, toluene,

80 °C, 8 h.

4 were prepared following literature methods.!!
Pyridinium salts 5 were obtained by reacting the
bromo-substituted compounds 4 with pyridine.'? All
the compounds 5a—e gave satisfactory elemental analy-
ses and showed similar 'H NMR, °C NMR, IR and
UV spectra.'?

The thermal behaviour of all the materials was investi-
gated by polarizing optical microscopy (POM) and dif-
ferential scanning calorimetry (DSC). Compound 5a
exhibited a broad melting peak centred at about
110 °C (AH =36kJ mol ') in the first heating run of
the DSC. This broad peak was composed of two non-
separable peaks. During the first heating cycle, the com-
pound did not show any definite texture, which is very
common in discotic LCs, but it could be sheared easily
above 95 °C indicating the presence of a liquid crystal-
line phase prior to the isotropic phase. The viscous
phase started clearing at 104 °C, which was completed
at 112 °C. On cooling, a well-defined texture of a colum-
nar mesophase (Fig. 1) appeared at 83 °C and remained
stable down to room temperature. The DSC first cooling
run showed the isotropic phase to columnar mesophase
peak centred at 81 °C and no other crystallization peak
was observed upto room temperature. During the sec-
ond heating, the mesophase to isotropic phase transition
appeared at 88 °C with a much lower heat of transition
(AH = 3.9 kJ mol ') indicating a mesophase to isotropic
transition. On second cooling, the isotropic phase to

Figure 1. Optical photomicrograph of 5a obtained with a polarizing
microscope (Leitz Laborlux 12 POL/Olympus BX50 equipped with a
Mettler FP 82 HT heating stage and a Mettler FP 5 controller) on
cooling from the isotropic liquid at 78 °C (crossed polarizers,
magnification x200).

columnar mesophase peak again appeared at 81 °C.
Compound 5b having pentyloxy chains in the triphenyl-
ene periphery was semi-solid at room temperature and
showed three endothermic transitions prior to the iso-
tropic transition at 121.2 °C. On cooling, the isotropic
phase to mesophase transition peak appeared at
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118.7 °C as well as another mesophase to mesophase
transition peak at 107.4 °C. No crystallization peak upto
room temperature was observed in the DSC. However,
the material was not deformed at room temperature.
Probably, it vitrified and formed a stable supercooled
columnar phase. Under POM, the classical columnar
mesophase texture appeared at about 120 °C. The tex-
ture did not show any shape change below the second
transition at 107 °C but the colour of the texture did
change from green to orange-red. On second heating,
a very weak and broad transition occurred at about
96 °C. This could be due to the partial solidification of
the material on keeping at room temperature. Therefore,
the first peak in the first heating cycle at 75.7 °C was as-
signed to a solid to solid transition and the second peak
at 96.2°C for the melting transition. The peak at
112.8 °C was attributed to a columnar phase to colum-
nar phase transition and the peak at 121.2 °C for the
columnar phase to isotropic phase transition. The exact
nature of the two columnar phases could be deduced
only from detailed XRD studies. Similarly, compound
5¢ exhibited a solid to solid transition at 75.3 °C, a melt-
ing transition at 91.7 °C and a mesophase to isotropic
phase transition at 143.8 °C. Upon cooling the columnar
phase appeared at 141.1 °C. The DSC did not display
any crystallization peak upto room temperature but
the material slowly solidified on keeping at room tem-
perature as was evident from the melting transition at
about 92 °C in the second heating cycle. Compounds
5d and 5e were prepared to examine the effect of spacer
length. Compound 5d having butyloxy chains in the
periphery and a hexamethylene spacer to connect the
pyridine moiety showed a melting transition centred at
83.7°C (AH =25.5kJ mol™"). The mesophase started
clearing at 92 °C and completely changed to an isotropic
phase at 102 °C. The DSC showed this broad transition
with a peak at 95°C. On cooling, POM showed the
appearance of a columnar phase at about 100 °C. The
cooling run of the DSC displayed this transition centred
at 92 °C. Similar to other samples, this material also did
not exhibit any crystallization peak in the DSC. The sec-
ond heating showed the melting transition at the same
temperature as observed in the first heating cycle but
with a smaller transition enthalpy (AH = 4.4 kJ mol™").
This indicated the partial solidification of the material
on keeping at room temperature. The columnar phase
to isotropic phase transition appeared at about the same
temperature and with the same transition enthalpy in
the second heating run. Increasing the spacer length fur-
ther, destabilized the columnar phase. Compound Se
having butyloxy chains in the periphery and a hepta-
methylene spacer was found to be non-liquid crystalline.
It melted at 112.4 °C to the isotropic phase and on cool-
ing solidified at 100.1 °C. In the first heating run, it
showed a solid to soft-solid transition at about 83 °C
but this transition did not appear on subsequent heat-
ing. All the liquid crystalline materials showed similar
textures, an example is shown in Figure 1. Thermal data
obtained from the DSC heating and cooling cycles are
collected in Table 1. All the five salts, 5a—e, were found
to be susceptible to moisture and a minor change in the
thermal behaviour was observed on exposure to atmos-
pheric moisture. Therefore, all the analyses should be

Table 1. Phase transition temperatures (peak temperature/°C) and
associated enthalpy changes (kJ mol™! in parentheses) of triphenylene-
substituted pyridinium bromides

Compound Heating scan Cooling scan

5a S-Col 110.0 (36) I 1 81.0 (4.4) Col
5b SS 75.7 (6.3) SS 96.2 (5) 1 118.7 (2.3) Col 107.4
Col 112.8 (2) Col 121.2  (2) Col
Q41
5¢ SS 75.3 (6.2) SS 91.7 I 141.1 (2.7) Col
(4.4) Col 143.8 (2.9) 1
5d S 83.7(25.5) Col 95.0  192.0 (5.5) Col
(521
Se S 83.4 (3.1) SS 112.4 1100.1 37.1) S
(36.0) I

S = solid, SS = semi-solid, Col = columnar phase, I = isotropic.

performed immediately after drying the material under
high vacuum at elevated temperature.

In conclusion, we have prepared five new pyridinium
salts connected with well-known triphenylene-based dis-
cotic liquid crystals. Their optical textures are typical of
columnar liquid crystalline phases. Increasing the num-
ber of carbon atoms on the peripheral chains of the tri-
phenylene core stabilized the columnar phase while
increasing the spacer length connecting the triphenylene
unit with the pyridine moiety destabilized the meso-
phase. Full characterization of the mesophases and mea-
surements of the one-dimensional ionic conductivities in
these materials are in progress.
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As an example, the general synthesis of 5a is described. In
a round-bottom flask, 0.1 g of compound 4a was dissolved
in 2.5 mL of toluene. To this, 2 mL of pyridine was added
and the reaction mixture was heated at 80 °C for 8 h under
nitrogen with stirring. The solvent and excess pyridine
were removed under vacuum and the residue was recrys-
tallized twice from dry diethyl ether to afford the
quaternized product 5a (90.5 mg, 83%). Selected data for
compound 5a: 'H NMR (400 MHz, CDCl5): 6 9.46 (d,
J=57Hz, 2H), 831 (t, J=7.8Hz, 1H), 795 (t,
J=17.0Hz, 2H), 7.82 (m, 6H), 5.07 (t, J=7.4 Hz, 2H),
429 (m, 12H), 1.40-2.26 (m, 26H), 0.97 (m, 15H). 1*C
NMR (100 MHz, CDCly): § 149.1, 148.6, 144.9, 144.7,
128.0, 123.6, 123.4, 123.3, 107.3, 69.7, 69.6, 69.1, 61.6,
31.8, 28.7, 22.9, 19.4 13.9. IR (KBr): vy 2930, 2856,
1618, 1518, 1435, 1389, 1261, 1173, 1053, 1033, 835 cm™".
UV (CHCL): Amax 305, 344, 359 nm. Elemental analysis:
caled for C4gHggOgNBr: C 69.21, H 7.93, N 1.68%; found:
C 69.12, H 8.01, N 1.62%.
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