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Microwave promoted synthesis of novel imidazolium-based ionic liquid crystalline dimers 
containing calamitic-calamitic, calamitic-discotic and discotic-discotic moieties has been 
described. 
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Abstract: 

Microwave promoted synthesis of novel imidazolium-based ionic liquid crystalline dimers 

containing calamitic-calamitic, calamitic-discotic and discotic-discotic moieties is reported. 

Classical reactions failed to produce these dimers. The thermotropic liquid crystalline properties 

of these salts were investigated by polarizing optical microscopy, differential scanning 

calorimetry and X-ray diffractometry. These salts, except the one having calamitic-discotic units, 

with bromide as counter ion were found to be mesomorphic over a wide temperature range. 
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Imidazolium-based ionic liquids have attracted considerable attention as environmentally 

benign solvents for various chemical reactions due to their interesting properties such as thermal 

stability, non-flammability, very low vapor pressure and reusability.1 Furthermore, there is 

considerable interest in the structural features of ionic liquid crystals,2 for example, as oriented 

solvents which can impart selectivity to reactions by ordering reactants,3 as templates for the 

synthesis of mesoporous and zeolitic materials,4 and in the formation of ordered thin films.5,6 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.7 Alkali 

metal soaps were the first salts identified as displaying liquid crystalline properties, followed by 

alkylammonium, pyridinium, vinamidinium, phosphonium salts, etc.8 A number of calamitic 

liquid crystalline imidazolium salts have recently been prepared and formation of lamellar phases 

in these materials has been recognized.9 Self-assembly of a non-liquid crystalline imidazolium 

ionic liquid and a hydroxyl-terminated liquid crystal leads to the formation of phase-segregated 

layered structures on the nanoscale. These materials have been found to exhibit two-dimensional 

ionic conductivities with high anisotropy.10 Recently, a number of anisotropic ionic functional 

materials have been reported by Kato.11 Discotic ionic molecules containing 2,4,6-

triarylpyridinium,12 crown ethers,13 3,5-diaryl-1,2-dithiolium,14 phthalocyanine15 and 

tricycloquinazoline16 moieties are also known to show mesomorphism. We have recently 

reported pyridinium and imidazolium-based ionic discotic liquid crystals with a triphenylene 

moiety.17

Compared to the large number of calamitic and discotic ionic molecules, only a few ionic 

liquid crystalline dimers and polymers are known. Veber and coworkers reported dimeric 2,4,6-

triarylpyrylium tetrafluoroborate and symmetrically substituted ionic liquid crystalline dithiolium 
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salts.11,18 Ionic metallomesogens, composed of two mesogenic units have been extensively 

studied.19 Mesomorphic properties of oligomeric and main chain liquid crystalline viologens 

have been studied by paleos et al.20 and Bhowmik et al.21 respectively. The chemistry of ionic 

liquid crystals has recently been covered in a review article by Binnemans.22 To the best of our 

knowledge ionic liquid crystalline dimers based on imidazolium moieties containing two 

mesogenic groups have not yet been explored. Hybridization of two different types of mesogens 

with imidazolium moieties may lead to novel materials with interesting properties. With this in 

mind, we have initiated a research programme to incorporate imidazolium-based ionic liquids in 

the supramolecular order of calamitic and discotic liquid crystals by attaching two calamitic, two 

discotic and hybrid of both the moieties to imidazole. The most widely studied 

alkoxycyanobiphenyl and triphenylene units were chosen as the calamitic and discotic parts, 

respectively. A variety of monomeric, dimeric, oligomeric and polymeric liquid crystals have 

been derived from these two molecules.23 Recently, alkoxycyanobiphenyls have also been 

connected to a discotic molecule to realize the biaxial nematic phase.24      

The synthesis of imidazolium-based calamitic-calamitic ionic dimers is outlined in 

Scheme 1. Commercially available 4΄-hydroxy-4-biphenylcarbonitrile 1 was alkylated under 

classical conditions with an excess of the appropriate α,ω-dibromoalkanes to obtain the ω-

brominated products 2.25 Imidazole-substituted alkoxycyanobiphenyls 3 were obtained by 

reacting 2 with imidazole in the presence of NaH. Liquid crystalline imidazolium salts 4 were 

obtained by quaternization of 3 with methyl iodide. Ionic liquid crystalline calamitic-calamitic 

dimers 5 were obtained by attaching one more molecule of ω-brominated cyanobiphenyl to the 

imidazoles 3. Thus quaternization of 3 with ω-bromo-terminated cyanobiphenyl under 

microwave irradiation furnished the dimers 5 in about 1 minute. It should be noted that attempted 
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quaternization under classical reaction conditions like reflux in toluene for 48 hours did not 

produce any desired product. Similarly, calamitic-discotic and discotic-discotic salts were 

prepared as shown in Scheme 2. Since the synthetic details for the preparation of ionic dimers 

based on calamitic-discotic, discotic-discotic and calamitic-calamitic for different chain lengths 

are practically the same, only the procedure of 5a is described.26 Spectral data and elemental 

analysis of all the compounds were in good agreement with their structures.27    

Scheme 1 and 2 about here 

The phase transition temperatures of all the new compounds together with transition 

enthalpy values determined by DSC are given in Table 1. The transition temperatures and 

associated enthalpy values were determined using a differential scanning calorimeter operated at 

a scanning rate 5 ºC min-1 both on heating and cooling. The textural observations of the 

mesophase were carried out using polarizing light microscopy provided with a heating stage and 

a central processor. The dimer series based on calamitic-calamitic moieties displayed SmC 

phases. Interestingly, calamitic-discotic hybrid 7 was found to be non-liquid crystalline. On the 

other hand the dimer based on discotic-discotic moiety 9 showed texture which compared well 

with the texture of columnar phases shown by several other discotic liquid crystals. 

Table 1 about here 

The first compound of the series 5a, symmetrically substituted by two mesogenic groups 

through the central imidazolium moiety, showed only a monotropic SmC phase. The crystalline 

compound 5a melted at 133 ºC to the isotropic phase. However, on cooling the smectic phase 

appeared at 102 ºC and was stable down to room temperature. Under the microscope it displayed 

a typical schlieren texture having only four brushes as shown in Figure 1a. The possibility of a 

nematic phase was ruled out as the uniaxial nematic phase usually exhibits a schlieren texture 
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with two and four point singularities (two and four brushes). Compound 5b also showed a 

monotropic SmC phase. On heating it melted at 129 ºC and the phase appeared on cooling, at 95 

ºC, which was stable down to room temperature. Compound 5c exhibited an enantiotropic SmC 

phase. Upon heating, it melted at about 92 ºC to the SmC phase, which cleared at about 98 ºC. 

On cooling, the smectic phase appeared within about one degree of supercooling. The compound 

did not crystallize and the phase remained stable down to room temperature. Compound 7 did 

not show any liquid crystalline phase. The crystalline compound 7 melted at 135 ºC to the 

isotropic phase. Compound 9, with two triphenylene moieties, exhibited a columnar mesophase. 

It melted at 84 ºC to the columnar phase, which cleared at about 95 ºC. On cooling, the columnar 

phase appeared at 92 ºC. Like the other samples, it did not show any crystallization peak in DSC. 

The photomicrograph of the columnar texture is shown in Figure 1b. 

Fig. 1 about here 

The nature of the mesophases was confirmed by X-ray diffraction studies. The diffraction 

pattern of the SmC phase of calamitic-calamitic hybrid 5b showed a diffuse peak in the wide-

angle region with a spacing of about 0.43 nm and corresponds to the average lateral separation of 

the molecules in this fluid phase. Additionally, a single sharp peak was observed in the small 

angle region of the diffraction pattern (Figure 2a). It has a spacing of about 2.7 nm at 40 ºC, 

which is much lower than the full molecular length. Therefore, the tilt angle of the molecule in 

the SmC phase is found to be about 47º. The diffraction pattern of the ionic dimer made from 

discotic discotic moiety 9 is shown in Figure 2b. The sample was heated to the isotropic phase 

and then cooled to room temperature. The diffraction pattern was recorded at room temperature. 

In the small angle region six reflections were observed which can be indexed (as shown in the 

Figure) on a simple rectangular lattice of lattice parameter a = 3.48 nm and b = 3.03 nm. 
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Fig. 2. about here 

In conclusion, we have synthesized novel imidazolium-based ionic liquid crystalline 

dimers based on calamitic-calamitic, calamitic-discotic, discotic-discotic moieties using 

microwave irradiation. The quaternization of imidazole-substituted mesogens under classical 

reaction conditions failed to produce the desired quaternary salts. Polarizing optical microscopy 

and X-ray diffraction experiments showed smectic and columnar phases of the calamitic-

calamitic and discotic-discotic hybrids, respectively.  
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Table 1: Phase transition temperatures (peak, ºC) and associated enthalpy changes (kJ mol-1, in 

parentheses) of imidazolium-based ionic dimers.  

Compound   First heating scan  First cooling Scan 

 

4    Cr1 73 (4.3) Cr2 83 (1.4) I 70 (3) Sm A 

    Cr3 92 (16.8) Cr4 97 (16) I 

5a    Cr 133 (72) I   I 102 (1.2) Sm C 

5b    Cr 129 (54) I   I 95 (1.1) Sm C 

5c    Cr 92 (23) Sm C 98 (1.2) I I 96 (0.9) Sm C 

7      Cr 135 (76) I   - 

9      Cr 84 (26) Colr 95 (2.5) I I 92 (2.4) Colr

Cr: Crystalline phase; SmC: Smectic C phase; SmA: Smectic A phase; I: Isotropic phase. 
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Legends of Scheme and Figures: 

 

Scheme 1: Synthesis of imidazolium-based calamitic-calamitic dimers. 

Scheme 2: Synthesis of imidazolium-based calamitic-discotic and discotic-discotic dimers. 

Fig. 1: (a) Optical photomicrograph of compound 5a at 90 ºC on cooling from isotropic liquid; 

(b)  Photomicrograph of the texture of the columnar phase of dimer 9 at 90 ºC. 

Fig. 2: (a-b) X-ray diffraction patterns obtained for compound 5b and 9 at 40 ºC and room 

temperature, respectively. 
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