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Abstract : Fully or nearly fully (8 —cholesteryloxycarbonyl) heptanoated polysaccharide derivatives were
synthesized by reacting cellulose, amylose, chitosan, chitin, alginic acid, pullulan or amylopectin with (8—
cholesteryloxycarbonyl) heptanoyl chloride (CH8C), and their thermotropic liquid crystalline behaviors
were investigated. Like in the case of CH8C, all the polysaccharide derivatives formed monotropic
cholesteric phases with left—handed helicoidal structures whose optical pitches(Ays) decrease with
increasing temperature. Amylopectin derivative also formed a monotropic cholesteric phase with left—
handed helicoidal structures but, in contrast with the other derivatives, did not display reflection
colors over the full cholesteric range, suggesting that the helicoidal twisting power of the cholesteryl
group highly depends on the branched structure in amylopectin. The thermal stability and degree of
order in the mesophase, the magnitude of A, at the same temperature, and the temperature
dependence of the A, observed for polysaccharide derivatives were entirely different from those
reported for the polymers in which the cholesteryl groups are attached to flexible or semiflexible
backbones through flexible spacers. The results were discussed in terms of the difference in the
chemical structures of the main and side chains and flexibility of the main chain.

Keywords : polysaccharides, cholesterol, combined—type liquid crystalline, optical pitch, helicoidal sense.
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Figure 1. Chemical structures of CHCE, CHAM, CHCTO,
CHCT, CHAL, CHPU, and CHAP.

CHCTO, CHCT, CHAL, CHPU 18|31 CHAPZ YeR7|2 gt}
(Figure 1).
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Figure 2. FTIR spectra of (a) chitosan, (b) CHCTO, (c) chitin,
(d) CHCT, (e) alginic acid, (f) CHAL, (g) pullulan, (h) CHPU,
(1) amylopectin, and (j) CHAP.
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Figure 3. '"H-NMR spectra of (a) CHS8C, (b) CHCE, (c) CHCT,
and (d) CHCTO.
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Figure 4. Optical micrographs of CHAL, CHAP and CHCTO:
(a) heated CHAL at 150 C; (b) CHAL cooled from the isotropic
state to 152 C(batonnets); (c) step—coled sample (b) to
145 C(focal—conic texture); (d) sheared CHAL at 145 T
(Grandjean texture); (e) step—cooled sample (c) to 60 T
(solid); (f) CHAP cooled from the isotropic state to 150 T
(focal—conic texture); (g) sheared CHAP at 150 C(Grandjean
texture); (h) CHAP and CHAM mixture (50:50 wt%) at 140 C;
(1) CHCTO cooled from the isotropic state to 165 C(focal—
conic texture); (§) stp—cooled sample () to 100 C(crystalline).
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Figure 5. DSC thermograms of the virgin sample recorded on
heating and cooling at a rate 5 C/min: (a) CHCE; (b) CHAM;
(¢c) CHAP; (d) CHCTO; (e) CHCT; (f) CHAL; (g) CHPU.
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Table 1. Thermal and Mesophase Properties of CHCE, CHAM, CHCTO, CHCT, CHAL, CHPU, and CHAP
S Transition temperature (C) and corresponding enthalpy changes[J/g]?
ample DE Heali -
code eating Cooling .
723 Y‘C 7;111 7;112 TZlb 7: YL /Tcsc Tg Scan
CHCE 3 114 163 220 142 ~60 17 1st
[13.8] [10.7] [3.4]
17 96 161 2nd
[12.2] [12.6]
CHAM 3 90 166 220 146 ~58 17 1st
[3.2] [17.4] [3.5]
18 100 162 2nd
[3.5] [17.9]
CHCTO ~3 25° 114 177 225 173 106 25° 1st
[1.1] [31.5] [3.7] [23.0]
24° 178 2nd
[32.2]
CHCT ~3 94 156 223 147 ~62 15 1st
[0.3] [20.1] [3.8]
17 94 16 2nd
[12.7] [16.9]
CHAL 3 168 222 154 ~61 17 1st
[27.1] [3.4]
18 95 165 2nd
[11.2] [15.6]
CHPU ~2.83 91 170 218 148 ~65 20 1st
[0.7] [8.8] [1.2]
21 96 166 2nd
[5.5] [8.7]
CHAP ~3 96 172 220 158 ~58 18 1st
[1.9] [30.9] [3.5]
19 92 172 2nd
[19.3] [33.4]

“Determined by DSC measurement(at 5 ‘C/min). 7 glass transition temperature, 7;: cold crystallization temperature, 7m: crystal to crystal transition
temperature, 7mo: melting temperature, 7. isotropic liquid phase —to—cholesteric phase transition temperature, 7. crystallization temperature. Square
brakets indicate the enthalpy values. ®Temperature at which 5% weight loss occurred. ‘Cholesteric phase —to—solid transition temperature determined
by optical microscopic observation. “Degree of esterification (DE) determined by FTIR and "HNMR measurements. The DE of CHPU was estimated on
the assumption that pullulan is comprised of 1—6—a—D—maltotriose repeating unit.?> “Data taken from the DSC thermograms recorded on heating and

cooling at 10 “C/min.
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Figure 6. DSC heating and cooling cycles of CHAM and
CHCTO from —30 to 210 C immediately after being cooled
from the isotropic phase to room temperature at 10 and 20 C/
min: (a) and (b) CHAM; (¢) and (d) CHCTO.
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Figure 7. TGA thermograms of the samples recorded under
nirtogen at a heating rate of 5 ‘C/min.
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Figure 9. CD spectra of (a) CHCTO, (b) CHCE, (¢) CHAM, and (d) CHAL at different temperatures.
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Figure 10. Temperature dependence of the optical pitch (An)
for polysaccharides derivatives (open marks). The closed
marks represent the results for PCOSE,® (CH6HPC),* and

(CH6HPCTO) ™ (see text for details).
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