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Abstract : Fully or nearly fully 6— [4— (4’— (nitrophenylazo) phenoxycarbonyl) ] pentanoated polysaccharide

derivatives were synthesized by reacting cellulose, amylose, chitosan, chitin, alginic acid, pullulan or
amylopectin with 6—[4— (4'~ (nitrophenylazo) phenoxy) ] pentanoyl chloride (NAGC) and their thermotropic
liquid crystalline behaviors were investigated. Like in the case of NA6C, all the polysaccharide derivatives

formed monotropic nematic phases, suggesting that the mesophase structure of the polysaccharide

derivatives is dertermined by the mesogenic side groups and not by the polysaccharide backbone. This
is the first report of polysaccharide derivatives, except cellulose derivative, that form thermotropic
nematic phases. The thermal stability and degree of order of the nematic phases observed for poly—
saccharide derivatives were significantly different from those reported for the polymers in which the
azobenzene groups are attached to flexible or rigid backbones through flexible spacers. The results
were discussed in terms of the difference in the arrangement of the main and side chains and the

flexibility of the main chain.

Keywords : polysaccharides, nitroazobenzene, combined—type liquid crystalline, nematic phase, semi—

flexible backbone.
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Scheme 1. Synthetic route of azobenzene—containing polysaccharide derivatives.
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Figure 2. FTIR spectra of (a) NA, (b) NAGA, and (c) NAGC.
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Figure 3. FTIR spectra of (a) chitosan, (b) NACTO, (c) chitin,
(d) NACT, (e) alginic acid, (f) NAAL, (g) pullulan, and (h)
NAPU.
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Figure 4. 'H-NMR spectra of (a) NA6C, (b) NACE, (c)
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Figure 5. Optical micrographs of NAGA and NAGC: (a) heated NAGA at 145 C; (b) NAGA cooled from the isotropic state to
146 C(droplet texture); (c) step—cooled sample (b) to 135 C(Schlieren texture); (d) step—cooled sample (¢) to 100 C
(crystalline); (e) NABC cooled from the isotropic state to 113 T (droplet texture); (f) step—cooled sample (e) to 100 T

(Schlieren texture).
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Figure 6. Optical textures observed for the polysaccharide derivatives on slow cooling from the isotropic phase: (a) NACE at
178 C(droplet texture); (b) NACE at 167 C(Schlieren texture); (c) NACE at 115 T(crystalline); (d) NACT at 179 C
(droplet texture); (e) NACT at 168 TC(Schlieren texture); (f) NAAP at 165 C(Schlieren texture); (g) NAPU at 160 T
(Schlieren texture); (h) NAAL at 170 T (Schlieren texture); (i) NACTO at 175 C(Schlieren texture); (j) NAAM at 168 T

(Schlieren texture).
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Figure 7. DSC thermograms of (a) NA, (b} NA6A, (c) NA6C,

(d) NACE, (e) NACTO, (f) NACT, (g) NAAM, (h) NAAP,

(i) NAAL, and (j) NAPU.
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Figure 8. TGA thermograms of the samples recorded under a
nitrogen atmosphere at the heating rate of 5 C/min.

Table 1. Thermal and Mesophase Properties of NA6A, NA6C,
and the Polysaccharide Derivatives

Transition temperatures(C) and

Sample corresponding enthalpy changes[J/g]¢
code Heatimg Cooling
DE’ T 75 Iin T
NABA 150[78.2] 260 147[4.701 101[21.6]
NA6C 120055.2] 190 113[1.40] 27[22.5]
NACE 3 185[68.2] 270 180[4.27] 115[35.6]
NAAM 3 186(77.5] 270 182[4.32] 110[32.5]
NACTO ~3 198182.3] 285 190[5.72] 115[29.4]
NACT ~3 190[67.4] 270 180[4.58] 109[41.7]
NAAL 3 187[75.6] 280 183[5.01] 99[48.5]
NAPU ~2.83 185[79.7]1 265 175[4.27] 97[49.3}
NAAP ~3 185[89.5] 270 178[4.85] 105[46.2]

“Determined by DSC and TGA measurements. 7p,: melting temperature,
7iN: isotropic liquid —to—nematic phase transition temperature, 7ng’ ne—
matic phase—to—crystalline phase transition temperature, Square brakets
indicate the enthalpy values. Degree of esterification(DE) determined
by FTIR and '"H-NMR measurements. The DE of NAPU was estimated
on the assumption that pulluran is comprised of 1 —6—a—D maltotriose
repeating unit.”® “Temperature at which 5% weight loss occured.

of 2Jsll NAGAZF NAGCe] Hl3) viwle 4] 44] g da AME
7} F7¥ehe Aldell o8l 2elEs o AZEnh ZelaHY O
Foll 299 &) =o] wgd 159 471 5UT A%, chol—
esteryl oxycarbonylalkanoic acid®] 7-%-7} cholesteryloxy—
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