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A new synthetic route for a crown ether containing liquid crystalline polymer will be presented. The 
polymer has been prepared using 1.4.10,13-tetraoxy-7,16-diazacyclooctadecene (diaza-18-crown-6-ether) 
and terephthaloyl-bis-(4-oxybenzoic) chloride. The mesogenic properties of the polymer have been 
examined using DSC, polarization microscopy and x-ray diffraction methods. 

Keywords: liquid crystals, polymer, crown ether 

INTRODUCTION 

Liquid crystalline polymers can contain a wide variety of different monomeric units 
and different functional groups in the mesogens. Only a few examples are known 
in which crown ether units are used as the mesogenic element to form liquid 
crystalline phases. l y 2  Prompted by the general goal of functionalizing mesogenic 
polymers, we synthesized by a new route a main-chain liquid-crystalline polyamide 
containing diaza-18-crown-6-ether units2 and investigated its mesomorphic prop- 
erties by DSC, polarization microscopy and x-ray diffraction methods. 

EXPERIMENTAL 

Synthesis 

Terephthaloyl-bis-(4-oxybenzoic) acid, 1. This acid was prepared following the 
procedure described by Bilibin et aL3 A solution of 10.2 g (0.05 mol) terephthaloyl 
chloride in 100 ml chloroform was added, with rapid stirring, to a solution of 16.6 
g (0.1 mol) 4-hydroxybenzoic acid in 250 ml of a 0.4 N aqueous solution of Na2C03. 
Stirring was continued for 10 h. The precipitated white crystals were filtered, washed 
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SCHEME I 
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DSC heating curve of polymer 3, scan rate 20 Kimin. FIGURE 1 

with diluted hydrochloric acid and water and dried in vacuum. The yield was 18.5 
g (87.6%). 

Terephthaloyl-bis-(4-oxybenzoic)chloride, 2. Five grams (0.01 1 mol) of 1 were 
refluxed in 100 ml thionyl chloride for 2 h. The solution was filtered and cooled 
to 0°C. The sediment was filtered, washed with petrol ether several times and dried 
in vacuum. The yield was 3 g (56%). 
'H-NMR: (200 MHz, DMSO-d,): 6 = 8.34 (s, 4 H, H arom, terephthalic acid), 
8.07, 8.03 (d, 2 H, 2 H, H arom.), 7.50, 7.46 (d, 2 H,  2 H,  H arom.) 

Poly-diaza-I8-crown-6-ether-terephthaloyl-b~-(4-oxybenzamide), 3. Two and 
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LC POLYMER WITH DIAZA CROWN ETHER UNITS 25 1 

FIGURE 2 Polarized light micrograph of 3 at 200°C. nematic schlieren texture, 160 x 

(b) 

FIGURE 3 (a) 2D-plot and (b) 3D-plot (stereo view) of the x-ray diffraction pattern of an oriented 
sample of polymer 3 (fibre). 

one-half grams of 2 (0.0025 mol) and 1.31 g of 1,4,10,13-tetraoxy-7,16-diazacy- 
clooctadecene (diaza-18-crown-6-ether) (0.0025 mol) were mixed and dissolved in 
a mixture of carefully dried tetrachloroethane (50 ml) and 1 g pyridine (0.012 mol). 
After stirring under nitrogen at room temperature €or 24 h,  the reaction mixture 
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Azimuthal angle (phi) 

FIGURE 4 Azimuthal intensity plot versus phi of Figure 3 (2 theta = 19.73”). 

was poured into 250 ml methanol. The precipitated polymer was washed several 
times with methanol, filtered and dried in vacuum. The yield was 2.7 g (78.5%). 
‘H-NMR: (200 MHz, CDCI,); 6 = 8.33 (s, 4 H, H arom, terephthalic acid), 7.52, 
7.49 (d, 2 H, 2 H, H arom.), 7.31, 7.27 (d, 2 H, 2 H, H arom.), 3.82 (m, 8 H, 
CH2), 3.64 (m, 16 H, CH2). 

Characterizatlon Methods 

The thermal behaviour of the polymer was investigated with a Perkin-Elmer DSC 
7; heating rate 20 Wmin. Polarized light microscopy studies were performed on a 
Boetius hot stage attached to a Carl-Zeiss Jena microscope. X-ray diffraction data 
were obtained with a fine-focus x-ray tube (Cu-target) equipped with a graphite 
monochromator and a pinhole collimator (diameter 0.3 mm). The detection device 
was a Xentronics area detector X-100 from Nicolet/Siemens, coupled with a PCS 
system for collecting, storing and analyzing the x-ray images. Oriented samples 
were prepared by drawing fibres from a melt. 

RESULTS AND DISCUSSION 

A well known rigid bifunctional monomer 2, which has frequently been used as a 
mesogen in liquid crystalline main-chain polymers, was synthesized according to 
Bilibin et al., The polyamide was prepared from the diacid dichloride and the diaza- 
18-crownd-ether in a low temperature condensation process as described in 
Scheme I. 

The purity of the monomeric diacid dichloride of the stiff mesogen and of the 
polymer was ascertained by NMR spectroscopy. The molecular weight of the pol- 
ymer 3 remains to be determined. DSC studies show two phase transitions, P,, 
155°C P, 228°C P,, dec (Figure l).4 

The very small heat connected with the phase transition at higher temperature 
hints at the existence of a nematic phase. Polarization microscopy at 200°C supports 
this conjecture; the observed schlieren texture is typical for a nematic phase 
(Figure 2). 
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The x-ray pattern of a fibre sample obtained at room temperature is shown in 
Figure 3. 

Two diffuse reflections in the wide angle range indicate the presence of a nematic 
phase. The lateral distance between the mesogens is about 4.5 A. An analysis of 
the azimuthal intensity distribution as a function of Phi at a theta angle of 19.73' 
is shown in Figure 4. The order parameter was calculated by using a program 
developed by J.  Gromcek, University of Connecticut, U.S.A. and is 0.6. 
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