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Abstract— Synthesis and liquid-crystallinites of thermotropic polyamides and copolyamides were in-
vestigated. Thermotropic polyamides and copolyamides containing a flexible spacer in the backbone
were obtained by the two or three components melt polycondensations of 4,4'-dicarboxy-a,m-diphenoxy
alkane as an A components, 4,4'-diacetoamido-3,3'dimethoxybiphenyl as a B, 1,4-diacetoamido-benzene
(diacetylated p-phenylenediamine) was used as another amide-group-forming minomer. The content
of the amide groups in the thermotropic polyamide and Copolyamide widely varied depending on
the structure of the amide-group forming diacetoamido monomers. A polymer (9CLDI) showed a typical
nematic texture between 218°C (T,,) and 345°C (T)). The melting points of the members fo this series
of polymers increased with decreasing methylene spacer.The polymer structure and mesmorphic nature
were examined by solid and solution *C-NMR spectroscopy, cross polarizing microscopy with a hot

stage.
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Fig. 1. Synthesis of thermotropic copolyamides.
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Table 1. Polycondensation and thermal properties of 3,3'-dimethoxy-4,4'-biphenylenediamine-containing thermot-
ropic copolyamides with o,m-dioxyalkylene spacers

Molar ration

Yield

Polymer Total T,” " T,—T,”

nMEDI Ag) B () C @ monomers (g) °C °C deg % (g)
2MEDI 1009 90(0.49)  10(0.03) 1.02 178 300 122 86(0.71)
3MEDI 100 90(0.47)  10(0.03) 1.00 165 250 85 82(0.66)
4MEDI 100 90(0.45)  10(0.03) 0.98 160 288 128 83(0.66)
5MEDI 100 90(0.43)  10(0.03) 0.96 150 246 96 85(0.67)
6MEDI 100 90(0.41)  10(0.03) 0.94 155 268 113 80(0.62)
7TMEDI 100 90(0.39)  10(0.03) 0.92 141 238 97 86(0.65)
8MEDI 100 90(0.38)  10(0.02) 0.90 148 245 97 84(0.63)
9MEDI 100 90(0.37)  10(0.02) 0.89 130 228 98 82(0.61)

10MEDI 100 90(0.36)  10(0.02) 0.88 140 230 90 95(0.68)

12MEDI 100 90(0.33)  10(0.02) 0.85 136 235 99 82(0.59)

“Measured by a polarizing microscope equipped with a Mettler FP 84 hot stage, "Mesophase temperature
range, “Monomer weight (0.50 g).
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Table 2. Polycondensation and thermal properties of 3,3'-dimethoxy-4,4'-biphenylenediamine-containing thermot-
ropic copolyamides with 1,4-dioxytetramethylene spacer

Molar ration

Polymer Total T,” T T-T,” Yield
4MD A B (9 C () monomers (g) °C °C deg % (g)
4MD-1 1000 95(0.94) 5(0.03) 1.97 160 320 160 85(1.37)
4MD-2 100 90(0.89)  10(0.06) 1.95 160 288 128 83(1.32)
4MD-3 100 85(0.84)  15(0.09) 1.93 195 275 80 82(1.29)
4MD-4 100 80(0.80)  20(0.12) 1.92 200 — 0 83(1.28)

“Measured by a polarizing microscope equipped with a Mettler FP 84 hot stage, "Mesophase temperature
range, “Monomer weight (1.00 g).
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Table 3. Polycondensation and thermal properties of 3,3'-dichloro-4,4'-biphenylenediamine-containing thermotro-
pic copolyamides with 1,4-dioxyalkylene spacers

Molar ration

Polymer Total T, T T.—T.” Yield
nCLDI A(g) B () C(® monomers (g) °C °C deg % (2)
2CLDI 1007 90(0.51)  10(0.03) 1.04 305 360< 55< 80(0.67)
3CLDI 100 90(0.48)  10(0.03) 1.01 255 360< 115< 83(0.68)
4CLDI 100 90(0.46)  10(0.03) 0.99 270 360< 90< 88(0.71)
5CLDI 100 90(0.44)  10(0.03) 0.97 245 338 93 84(0.67)
6CLDI 100 90(0.43)  10(0.03) 0.96 258 350 92 86(0.68)
7CLDI 100 90(0.41)  10(0.03) 0.94 230 330 100 82(0.64)
8CLDI 100 90(0.40)  10(0.02) 0.92 244 335 91 90(0.69)
9CLDI 100 90(0.38)  10(0.02) 0.90 218 345 127 88(0.66)
10CLDI 100 90(0.37)  10(0.02) 0.89 240 340 100 85(0.63)
12CLDI 100 90(0.35)  10(0.02) 0.87 229 350 121 86(0.63)

“Measured by a polarizing microscope equipped with a Mettler FP 84 hot stage, "Mesophase temperature

range, "Monomer weight (0.50 g).
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Table 4. Polycondensation and thermal properties of 3,3'-dichloro-4,4’-biphenylenediamine-containing thermotro-
pic copolyamides with 1,4-dioxytetramethylene spacer

Polymer Molar ration Total T T Ti—T," Yield -
4CLD A B (g C (o) monomers (g) °C C deg % (g)
4CLD-0 1007 100(1.03) O 2.03 283 360< 77< 85(1.41)
4CLD-1 100 95(0.98) 5(0.03) 201 250 360< 110< 94(1.54)
4CLD-2 100 90(0.92) 10(0.06) 1.98 258 360< 92< 88(1.42)
5CLD-3 100 85(0.87)  15(0.09) 1.96 258 345 87 90(1.44)
4CLD-4 100 80(0.82) 20(0.12) 1.94 265 332 67 89(1.40)
4CLD-5 100 75(0.77)  25(0.15) 1.92 295 330 35 86(1.33)
5CLD-6 100 70(0.72)  30(0.17) 1.89 300 328 28 85(1.30)
5CLD-7 100 60(0.62) 40(0.23) 1.95 310 - 0 88(1.33)

“Measured by a polarizing microscope equipped with a Mettler FP 84 hot stage, "Mesophase temperature

range, “Monomer weight (1.00 g).
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Fig. 3. Photomicrographs of nematic phase from copolyamides.
(A) Schlieren texture of 9CLDI, taken at 260°C, (B) Froplets texture of 4CLD-2, at 323°C, (C) Droplets

texture of 10CL, taken at 302°C.
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Fig. 4. Photomicrographs of nematic phase from copolyamides.
(A) Threaded texture of 2CLD-2, at 350°C, (B) Schlieren texyure of 7MEDI, taken at 232°C, (C) Droplets

texture of 8CL, at 340°C.

114 /ssEfeEin TReRE H5%& 5255 (1993.6)



Spacer®) %t {£& Thermotropic Polyamide ! Copolyamide®] £X 25

0 OH ¢
Qe ORO O
A “ B

Table 5. Polycondensation and thermal properties of 3,3'-dimethoxy-4,4'-biphenylenediamine-containing thermot-
ropic copolyamides with o,w-dioxyalkylene spacers

Molar ration

Polymer Total T,” T Ti—T," Yield

nCL A B (2 monomers (g) C °C deg % {(g)
3CL 1007 100(0.54) 1.04 279 360< 81< 87(0.74)
4CL 100 100(0.51) 1.01 283 360< 77< 85(0.71)
5CL 100 100(0.49) 0.99 278 360< 82< 83(0.68)
6CL 100 100(0.47) 0.97 276 360< 84< 90(0.73)
7CL 100 100(0.46) 0.96 255 360< 105< 88(0.70)
8CL 100 100(0.44) 0.94 265 360< 95< 91(0.71)
9CL 100 100(0.42) 0.92 220 360< 140< 89(0.69)
10CL 100 100(0.41) 091 230 320 90 90(0.69)
12CL 100 100(0.38) 0.88 225 335 110 92(0.69)

“Measured by a polarizing microscope equipped with a Mettler FP 84 hot stage, "Mesophase temperature

range, “Monomer weight (0.50 g).
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(A) Spinning side-band free spectrum obtai-
ned TOSS pulse sequence, (B) Solution spec-
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