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Abstract: A homologous series of side chain liquid crystalline polymers, poly [1—{4— (4'—cyanophen—
ylazo) phenoxyalkyloxy} ethylene] s (CAPETn, where n, the number of methylene units in the spacer, is
2~10) were synthesized from poly (vinyl alcohol) and 1—{4— (4'—cyanophenylazo) phenoxy} alkylbromides
(CAPBn, n=2~10), and their thermotropic liquid crystalline phase behaviors were investigated. The
CAPBn with n of 2~5 did not show any liquid crystalline behavior, while those with n of 6 and 7~10
showed enantiotropic and monotropic nematic phases, respectively. In contrast, among the CAPETn
polymers, only CAPETS exhibited an enantiotropic nematic phase, while other polymers showed mono—
tropic nematic phases. The isotropic—nematic transition temperatures of CAPETns and their entropy
variation at the phase transition that were higher values than those of CAPBns, demonstrated a typical
odd—even effect as a function of n. These phase transition behaviors were disscussed in terms of the
‘virtual trimer model’ by Imrie. The mesophase properties of CAPETns were largely different from those
reported for the polymers in which the (cyanophenylazo)phenoxy groups are attached to polyacrylate,
polymethacrylate, and polystyrene backbones through polymethylene spacers. The results indicate
that the mode of chemical linkage of the side group with the main chain plays an important role in the
formation, stabilization, and type of mesophase.

Keywords: poly (vinyl alcohol), cyanoazobenzene, spacer length, nematic phase, ether linkage, odd—even
effect.
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Figure 1. Chemical structures of CAPETn, CAPAn, and CAPS4.
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Scheme 1. Synthetic route of CAPETn.
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Figure 2. FT—IR spectra of (a) CAP; (b) CAPB5; (¢) CAPB10;
(d) poly (vinyl alcohol); (e) CAPETS5; (f) CAPETI10.
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Figure 3. '"H-NMR spectra of (a) CAPB2; (b) CAPB3; (c)
CAPB5; (d) CAPB10; (e) CAPET2; (f) CAPET3; (g) CAPETS;
(h) CAPET10.
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Figure 4. Optical textures of CAPBn: (a) heated CAPB6 at 80 C
(crystalline); (b) step—heated sample (a) to 92 C(Schlieren
texture); (c) step—heated sample (b) to 94 C(droplet texture);
(d) CAPB6 cooled from the isotropic state to 95 T (droplet
texture); (e) step—cooled sample (d) to 94 C(Schlieren texture);
(f) step—cooled sample (e) to 63 C(crystalline); (g) CAPB7
cooled from the isotropic state to 94 C(Schlieren texture); (h)
CAPB9 cooled from the isotropic state to 97 C (Schlieren
texture); (i) CAPB10 cooled from the isotropic state to 86 C
(Schlieren texture).
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Figure 5. Optical textures observed for CAPETn on slow
cooling from the isotropic phase: (a) CAPET3 at 150 C (droplet
texture); (b) step—cooled sample (a) to 149 C(Schlieren
texture); (c) step—cooled sample (b) to 144 C(crystalline); (d)
CAPET10 at 119 C(droplet texture); (e) step—cooled sample
(d) to 117 T(Schlieren texture); (f) CAPET2 at 109 C
(Schlieren texture); (g) CAPET4 at 150 C(Schlieren texture);
(h) CAPETS5 at 120 C(Schlieren texture); () CAPET6 at 131 C
(Schlieren texture); (j) CAPET7 at 107 C(Schlieren texture);
(k) CAPETS8 at 113 C(Schlieren texture); () CAPET9 at 118 C
(Schlieren texture).
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Figure 6. DSC thermograms of (a) CAP; (b) CAPB2; (¢) CAPB3;
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Figure 7. DSC thermograms of (a) CAPETZ2; (b) CAPETS;
(c) CAPET4; (d) CAPETS5; (e) CAPET6; (f) CAPET7; (g)
CAPETS; (h) CAPETY; (i) CAPET10.
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Table 1. Transition Temperatures('C), Enthalpy Changes(J/g) in Square
Brackets, and Thermal Stability of CAP, CAPBn, and CAPETn

Sample Heating Cooling
Ty’ I 1 T 1 W
CAP 189[80.7] 145[49.7]
190[77.8]¢
CAPB2  160[110.9] 113[72.9]
CAPB3 145[78.4] 113[57.1]
CAPB4 121[84.7] 113[76.0]
CAPB5 133[93.1] 111[71.5]
CAPB6 89[85.6] 97[1.4] 97[1.4] 65[56.3]
CAPB7 121[97.1] 95[1.3] 93[87.01]
CAPB8 94(71.1] 95[1.3] 63[61.1]
CAPB9  115[111.7] 101[1.1] 90[86.3]
CAPBIO  102[96.6] 88[1.4] 78(79.3]
CAPET2 124[51.3] 265 111[0.9] 107[49.9]
CAPET3 160[61.1] 266 152[1.6] 145[51.5]
CAPET4  152[79.3] 264 153[2.9] 139[67.7]
CAPET5 107[40.8] 125[1.9] 264  124[1.8] 69[30.9]
CAPET6  1401[68.1] 268  133[2.2] 128[50.9]
CAPET7 110[42.8] 270 110[1.7] 80[44.3]
CAPET8  126[46.5] 266  115[2.4] 98(36.2]
CAPET9 121162.4] 272 123[2.5] 97[53.01]
CAPETI10 129[81.5] 270  120[2.7] 113[65.0]

“Melting temperature. “Nematic—to—isotropic liquid phase transition tem—
perature. “Temperature at which 5% weight loss occured. “Isotropic liquid—
to—nematic phase transition temperature. ‘Isotropic—to—crystalline phase
transition temperature. Nematic—to—crystalline phase transition tem—
perature. #Second heating data.
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Figure 10. Plot of transition temperatures against n(the number
of methylene units in the alkyl chain) of CAPBn and CAPETn.
(M,[]) isotropic liquid—to—nematic phase transition tempera—
ture (7x); (A,A) nematic—to—crystalline phase transition tem—
perature (7% ; (V) isotropic liquid—to—crystalline phase tran—
sition temperature (7;).
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