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ABSTRACT: A new hydroxylpropyl chitosan (HPCTO) capable of forming both thermotropic
and lyotropic liquid crystalline phases was synthesized by reaction of alkali chitosan with pro-
pylene oxide and its solid films cross-linked with glyoxal were prepared by casting the liquid
crystalline solution in methanol. The thermal and swelling properties of the cross-linked films
were investigated. The films displayed fingerprint patterns characteristic of cholesteric liquid-
crystalline phase, and their pitches increased with increasing temperature and cross-linker
concentration. The cross-linked samples exhibited an anisotropic swelling in both water and
methanol, suggesting that the two-dimensional cross-linking preferentially performs between
HPCTO molecules. The degree of anisotropy highly depended on the solvent, but hardly on
the cross-linker concentration investigated.

Keywords: hydroxypropyl chitosan, glyoxal, cross-linking, cholesteric liguid crystal, anisotropic

swelling.
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Figure 1. Structure of N,O-hydroxypropyl chitosan.
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Table 1. Preparative Conditions for HPCTO and Its Molecular Characteristics

[NaOHJ* [POJ*

sample code TGIcNT [GlcN]

appearance® MSH DS*

TS(C)  T#T)

HPCTO 32 554

Gummy, soft 6.8 ~3 -20 145

% Molar ratio of NaOH/glucosamine unit (GIcN). ® Molar ratio of propylene oxide/GIcN. ¢ At room temperature. ¢ By 'H-NMR measure-
ment. ¢ By FT-IR and 'H-NMR measurements. / Glass transition temperature determined by DSC measurement. € Isotropic liquid-to-
anisotropic liquid transition temperature determined by light polarizing microscopy with hot-stage .
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Cholesteric A A& = Hydroxypropyl Chitosan 7tmH &9 A %9 H&AS

Table 2. Preparative Conditions for HPCTO-Gs and Their Thermal Properties

10*LGX1%/HPCTO 10°HCI]*/HPCTO T cholesteric pitch (#m)
sample code . ” o -
(mol/g) (g/2) () 25 60 C 120 C
HPCTO-G1 15 9 155 42+05 46+02 48+14
HPCTO-G2 4.0 9 158 51408 56+1.0 6.0+15
HPCTO-G3 8.0 9 170 7017 73122 81+21
HPCTO-G4 15.0 9 172 11.2+3.2 125426 13.0+32

“ The concentration of glyoxal. ® HCl in water(5 wt%). ¢ By optical tnicroscopy.
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Figure 2. FT-IR spectra of (a) chitosan and (b)
HPCTO.
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Figure 3. 'H-NMR spectrum of HPCTO.
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Figure 4. FT-IR spectra of (a) HPCTO-GI1, (b)
HPCTO-G2, {c) HPCTO-G3, and (d) HPCTO-G4. The
spectrum of (e) was obtained by using the sample
which was made in the dilute solution of HPCTO in
methanol (see text for details).
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Cholesteric 44 A M2 A Hydroxypropyl Chitosan 7}n g &9 AZx¢ H&AS
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Figure 5. Schematic structure of HPCTO-G.
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Figure 6. Optical micrographs of HPCTO: (a) untreated HPCTO at 60 C; (b) sheared (the arrow indicates the
shearing direction); (¢) HPCTO/CH4OH solution (70 wt%) at room temperature; (d) HPCTO/H,0 solution (70 wt%)

at room temperature.

cooling
\>(;'A/M

*
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2100 -50 0 50 100 150 200 T
Temperature (C)
Figure 7. DSC thermograms of HPCTO.
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Cholesteric 43 A A& Ad Hydroxypropyl Chitosan 7B &9 A% HFEAF

(c) HPCTO-G3 (60 C)

(e) HPCTO-G4(25 C)
Figure 8. Optical microscopic textures of HPCTO-Gs at each temperature.
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Figure 9. Weight swelling ratio, 4 W, for HPCTO-Gs
as a function of swelling time at 25 C. (a) in methanol
and (b) in water.
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Table 3. Summary of the Swelling Experiments
for HPCTO-Gs at 25 °C

sample 4SSy 4§,
code (%) (%)
HPCTO-G,/H,0 system
HPCTO-GI1 103+2 103+2 131+3 852
HPCTO-G2 86+1 86+1 109+3 623
HPCTO-G3 59+1 59+1 74+2 340
HPCTO-G4 47+1 47+1 58+2 241
HPCTO-G,/CH;0H system
HPCTO-G1 82+4 82+4 152+10 735
HPCTO-G2 68+2 68+2 125+5 535 300
HPCTO-G3 46+2 46+2 84+4 292 150
HPCTO-G4 36+2 36+2 64+4 203 97
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Figure 10. Equilibrium swelling ratios, 4V (OJ, &)
and 4W (O, @), against crosslinking agent concentra-
tion for HPCTO-Gs at 25 °C. The open and closed
marks represent the swelling ratios in water and in
methanol, respectively.
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Figure 11. Swelling anisopropy (4 S1/4 Sy) in meth-
anol (@) and in water (O) plotted against crosslinking
agent concentration, at 25 C. 4 S and 4 Sy are the
swelling ratios for the directions of thickness and
width, respectively.

. %7t C=0 % NHete
Aated wgtge] vl 7aE g vte)
Z Zloz A43AT (Figure 5
R =7} gol C=07]7} & B

(Z7 ooz JFIAE FAFE ol W
3| d

poi
o
fru
0%
N
i,
)
e
o,

AR 2y oy A4E BEd) FEs) 9
o= staAlet gule] FRE WSAA Bt AA
A HEZ a7€Hh

HPCTO-Gs& &3} ogtgo] H=AA #Hyo] =
gd g2z e HEF 924 HPCTO-G49 3%
& Figure 129] (a)¢} (b)dl Yepdth the AE
& A9 Fdd AF=A S ehdrh Table 3o
B uiepto] HPCTO-G&] AWE <F 10044 <
WHEY g zerh watd Figure 126 vepd
HPCTO-G4E¢) Adie HP/F =909 935 %
Aol FEANAE Y YATERG g
3 sxg Adeetz € + glon, Figure 129 2
FHe g9 oz B4 HPCTOS f34d 43

428

(3)

Figure 12, Textures of HPCTO-G4 swollen in organ-
ic solvents at room temperature. (a) in methanol and
(b) in water.
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