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ABSTRACT: A new hydroxylpropy! chitosan (HPCTO) capabie 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 (ilms 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 liquid crystal, anisotropic

swelling.
A = ATFe szt dRFEAY Ao B AFen
g 5 UArh. odBFAY AYd #F A= dE=2
HZ AN FX3] RAHT Y= UREE 3 27 FAdel Hol gton, ditkge] AFs)
g sl s )% Az gLt} s= hydroxypropy! cellulose (HPC) 2} HPC-§-%=# S
A7 BEd] WY e, o] Ropo] 2gd 3 ol & £ Ak ol thg 34 g9l

418 Polymer(Korea) Vol. 24, No. 3, May 2000



Cholesteric 4 A A A £ A d Hydroxypropyl Chitosan 7} E9 AZxe F&AF

2 HPC7} Algts| 3 9l& #9 ohjet HPCE A=}
s A o3l A2 AFELAE Ad ERES
A z7} golg Ut & + AU

2 284 Jde "ol HPCY HPC fEAE
o qRES 534 (yotropic)' ¥ &4 (thermo-
tropic)?® cholesteric A& A5, oja]dt Al
CAEgzeoro A Za Ude AAA 2 chirality
25 7sE Aoz A4ET k. A ol
HPCs} HPCHZAE°] Yehlls BT §4&
7t oJs] mA3IA 7 cholesteric Aol T3 AL
7} ghs) Aag 3 AokSY ol g Ao F B3
& 17} 2 T stadnt AHAHE Ad st
Aol ekl H&AF Aojgo] g Fgola®
R A FJirlelelo] HPCe HPCR=EAES o
Hate] Jellls ool i HoH, 7iAlE Z=,
TAMA 5& g3t e, FshUe, gaF
#o] 59 AA2A BE3nA Tl Ut

AEZQxd LAY A2 FTH3] HANA A4t
He 71en 719& BolAEsiAA dojAl = A
& Agzo 29 FYUS chiralityE AUz Y&
ot ollzl dggernc) 23 nEAE LA
A th19% wd o] 52 mucopolysaccharides24] Al
Ezesot= 2a 2788 OHY) olgjd] slaheo A
sto] C,9xol| 7€l -NHCOCH;7l, 71E4+& NH,
718 AU vk wEtA 71", 71D YR
A sl g Bl gz xd9} 54E 2
e 4FEAE Axsed /43 oAy & F
At 2Pz EF3n F|E", FIEAA L] A9
TS AT V12T EA Bag AFERE g
M ow 22 zcetoxypropyl chitosan#| &2 | 9]s}n
T 25 FUAAFA B3 Hojaknm 4 k.
tgol 719, F1BAHAS] HH L o|fste] AN
Ad 7taAel W Ads AFE Aol
HPCst 2& #3 oA 719, Jle4ts A444
A 53 v AYFTEENES Ad sfudgs g
8371 $islde= 718, JIEA]  hydroxypropyl
(HP)719} 2ol wh3-A71E Ze Xer]e =30
87E ¥u ohg o5 & o]E9
9 frlguFlA FEdYy

fie

}8’ :'2: o o1
& WASHE 2ol a7 oY 2AL VR
FEASE olgslo] §ulo] FF 2 =S Bela

#F2[0 A24A A3% 20003 5¢

OH
OH OCHLHCH;
CH,OCH,CHCH, CH,OCH,CHCH,
N

OCH,CHCH,

NH NH

1

OCH,CHCH, OCH,CHCH;

OH OH

(MS =3, DS = 2.5)
Figure 1. Structure of N,O-hydroxypropyl chitosan.
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Table 1. Preparative Conditions for HPCTO and Its Molecular Characteristics

[NaOH]* [POJ® ]
sample code [GIcNT TGIcNT appearance’ Ms4 DS¢ Tgf (:C) T#(C)
HPCTO 32 55.4 Gummy, soft 6.8 ~3 20 145

4
% Molar ratio of NaOH/glucosamine unit (GIcN). 5 Molar ratio of propylene oxide/GIcN. © At room temperature. 4 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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Table 2. Preparative Conditions for HPCTO-Gs and Their Thermal Properties

10{GX]%/HPCTO  10°[HCIJ?/HPCTO T¢ cholesteric pitch (¢m)
sample code (mol/g) (e/g) () 25 C 60C .. . 120C
HPCTO-G1 15 9 155 42105 46102 48+14
HPCTO-G2 40 9 158 5108 56+1.0 6015
HPCTO-G3 8.0 9 170 70+1.7 73+22 é.l +21
HPCTO-G4 15.0 9 172 11.2+32 125+26 13.0+3.2

@ The concentration of glyoxal. ® HCI in water(5 wt%). ¢ By optical microscopy.
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Figure 2. FT-IR spectra of (a) chitosan and (b)
HPCTO.
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Figure3. '"H-NMR spectrum of HPCTO.
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Figure 4. FT-IR spectra of (a) HPCTO-G1, (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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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): (c) HPCTO/CH;0H solution (70 wt%) at room temperature; (d) HPCTO/H,0 solution (70 wt%)

at room temperature.
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Figure 7. DSC thermograms of HPCTO.
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Figure 8. Optical microscopic textures of HPCTO-Gs at each temperature.
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Figure 9. Weight swelling ratio, 4W, 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 4 Sw 4 SL a4 S;r .4V aw O
code (%) (%) (%) (%) (%) (g/cm?)

HPCTO-G,/H,0 system ;

HPCTO-G1 103+2 103+2 131+3 852 676 126
HPCTO-G2 86+1 86+1 109+3 623 442 141
HPCTO-G3 59+1 59+1 74+2 340 224 152
HPCTO-G4 47+1 47+1 58+2 241 147 164
HPCTO-G,/CH3;0H system

HPCTO-G1 82+4 82+4 152+10 735 462 1.25
HPCTO-G2 68+2 68+2 125+5 535 300 140
HPCTO-G3 46+2 46+2 84+4 292 150 153
HPCTO-G4 36+2 36+2 64+4 203 97 165

15x10“mol/ge] =A Ao QR gg 7iAw &
o] 97} vekgel 9ol vlsl & e Yepdch

7tiAl o] F2 & Z7H719 JluAde WUx s} 27}
g Aoz diddd. dzA9 UE o =W,/V =
Woot Vogtel ofall 718 & o, 7lmAs &
sle] Efez AT AWyt FARTGL A3}
B, & (V-Vo)e AURe A5 gojd ofd A
Aazteta 7PgEd o szl Aol oM E 3
717}y 7¥s skt

_4v,

~W:P. (1=12) (5)

Py

A7IN o= £FT Sulel EE Uepdch o]d)
o 719 AN ol Hat 17} 2= 247 23 et
Zol d&sE Fe Jebdh 349, 4 (5)9 o4
F &ule AP gue) v (JV,/4V,)9} F%y
&9 B (AW, /AW,) bl 879 BAA] A
Ha

4V, _ dWi/e _ (NM)/e :(ﬁ)<ﬂ) 6)
4V, A4AW,/p, (NM>)/ 0, MN/\V,
A7 Mie gvlel #A3e Yepdo gela N
=(Wi—W) /M3 Vi=M,/oE 7tz} AU A%
g guje] B4ol 43 fujo] 2x7e vehdth
Table 3¢ Vebd AWt 4V gt} 25 CollMe] &
o L& (o =1g/cm®) 9} vghge] Vx (p,=0.786
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Figure 10. Equilibrium swelling ratios, 4V (O, W)
and AW (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. S;/4 Sy) in meth-
anol (@) and in water (O) plotted against crosslinking
agent concentration, at 25 C. 487 and 4 Sy are the
swelling ratios for the directions of thickness and
width, respectively.

¥ Aoz 449, &9 747t C=0 ¢ NHe}e
22 T2z Aste v vla JtudE el
13l2o] JiFez 2 ez Yzdr} (Figure 5
ga1). A 7tadest gol C=0717t & U3

by

i

b

(F3 do|wg) oz ARHE #£AFE Bo wg

g v iAoz Be v slagerst v}
C=0717} A ¥ (FA%F) T

(<]
T Bo] vighgd] g duize
3

WA 2o A
3 HE7} e7€th

HPCTO-Gs& £7} vighgo] AaAA HYPo &
2E AP x2S AESF 924 HPCTO-G4¢] 73A$-
€ Figure 129] (a)¢h (b)ol Ueldoh g AL
= A9 LT A 2HE Ueldo Table 39 U
eldl ulelgte] HPCTO-Go] AWE 2 1009)A 4=
WA & Ze=vh g2A Figure 120] Jepd
HPCTO-G4E9] 4= HP/l € o948 &%
AEe] B4R E FAste YAsERG go
3 AE ezt & 4 dod, Figure 129] 2
e g9t oz B HPCTOS §A 43

rir

428

ol
ot

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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