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Abstract: Four kinds of N,O-hydroxypropyl chitosans (HPCTOs) with degree of substitution(DS) and molar substitution
(MS) ranging from 2.47 to 2.52 and 4.9 to 7.8, respectively were synthesized, and their molecular chracteristics and ther-
motropic and lyotropic liquid crystalline properties were investigated. MS was exceedingly larger than DS, showing that
in the later stages of reaction, propylene oxide was preferentially added to the side chains rather than the main chain. All
the derivatives formed thermotropic cholesteric phases. The glass and clearing temperatures were decreased with increas-
ing MS. The optical pitches (A,,’s) of the thermotropic cholesteric phases increased with temperature. However, the A,,’s
of the derivatives at the same temperature increased with increasing MS. Solutions of HPCTOs in water, methanol, eth-
anol, acetic acid, and formic acid containing more than 30 wt% polymer also formed cholesteic phases whose A,,’s
decreased exponentially with increasing polymer concentration. The concentration dependence of A,, of HPCTO solu-
tions, however, highly depended on the nature of the solvent and MS. The thermotropic and lyotropic mesophase prop-
erties of HPCTOs were significantly different from those reported for hydroxypropyl celluloses. The results indicate that
the secondary amino group in the C-2 position plays an important role on the formation, stabilization, and temperature
and concentration dependencies of A, of the cholesteric mesophase.

Keywords: N,O-hydroxypropyl chitosan, degree of substitution, molar substitution, thermotropic and lyotropic choles-
teric phases, temperature and concentration dependencies of optical pitch.
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Figure 1. Chemical structure of HPCTO.
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Table 1. Preparative Conditions and Molecular Characteristics of HPCTOn"

Sample [NaOH] [POJ Pressure? s DS at position” Total Mot MM
code [GleN] [GleN] (bar) C-2 C-3 C-6 DS
HPCTO1 0.8 20 30 49 0.75 0.73 0.99 2.47 14.6 2.16
HPCTO2 0.8 40 30 5.4 0.76 0.74 1.00 2.50 153 225
HPCTO3 324 55 30 6.1 0.77 0.74 1.00 251 15.5 2.46
HPCTO4 324 80 30 7.8 0.78 0.74 1.00 252 15.9 2.50

“The etherification was carried out in the presence of the hexane as a diluent solvent at 70 °C for 16 h. *Molar ratio of NaOH/glucosamine(GIcN) unit.
“Molar ratio of propylene oxide(PO)/GlIcN. “Reaction pressure. “By 'H NMR measurement. By “C NMR measurement. *The number-average
molecular weight determined by GPC. "The weight-to-number-average molecular weight ratio estimated by GPC.
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Figure 2. FTIR spectra of (a) chitosan; (b) HPCTO1; (¢) HPCTO2;
(d) HPCTO3; (e) HPCTOA4.
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Figure 3. 'H NMR spectra of (a) HPCTOI; (b) HPCTO2; (c)
HPCTO3; (d) HPCTOA4.
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Table 2. Transition Temperatures(°C) and Enthalpy Changes(J/g) in Square Brackets of HPCTOn

Sample Heating Cooling A .
de a b ; " - ppearance
co T, g Tei Tic T T, g
HPCTOL1 26 154[1.87] 153[1.85] ~57 23 Solid
HPCTO2 22 149[1.92] 147[1.90] ~47 20 Solid
HPCTO3 19 143[2.08] 142[2.01] ~39 16 Solid
HPCTO4 13 138[2.32] 136[2.28] ~20 10 Sticky

“Glass transition temperature. *Cholesteric-to-isotropic liquid phase transition temperature. ‘Isotropic-to-cholesteric phase transition temperature.
“Cholesteric-to-solid phase transition temperature determined by polarization microscopy. At room temperature.
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Figure 8. (2) Selective light-reflection spectra of HPCTOL1 at different
temperatures; (b) Selective light-reflection spectra obtained for aque-
ous solutions of HPCTO3 as a function of polymer concentra-
tion(wt%) at 25 °C.
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Figure 9. (a) Temperature dependence of the optical pitch(A,,) of
HPCs' and HPCTOn; (b) Temperature dependence of the inverse opti-
cal pitch(A,,") of HPCs' and HPCTOn.
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Figure 10. Optical microstructures of HPCTOn solutions in various
solvents at 25 °C: (a) HPCTO1(40 wt%) in formic acid; (b) HPCTOL1
(70 wt%) in formic acid; (c¢) HPCTO1(40 wt%) in water; (d) HPCTO2
(40 wt%) in water; () HPCTO2(70 wt%o) in water; (f) HPCTO2(40 wt%)
in methanol; (g) HPCTO3(30 wt%) in water; (h) HPCTO3(70 wt%)
in methanol; (i) HPCTO4(40 wt%) in ethanol; (j) HPCTO4(70 wt%)
in ethanol; (k) HPCTO1(40 wt%) in acetic acid; (1) HPCTO4(40 wt%)
in acetic acid.
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Figure 11. Concentration dependence of the optical pitch(A,,) determined for liquid crystalline solutions of HPCTOn(n=1~4) in water, formic acid,

acetic acid, ethanol, and methanol.
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Figure 12. Optical pitch (A,) as a function of molar substitution (MS) of varioius lyotropic liquid crystalline systems with HPCTOn; (a) ethanol;

(b) methanol; (c) water; (d) acetic acid; (e) formic acid.
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