Polymer (Korea), Vol. 28, No. 1, pp 41-50 (2004) 41

Ze2HY3t otaYEY TFE A
stol=gAzed AEAE DI AF

%

o
ol
o2
ofn
fo
=2
2
2

Thermotropic Behavior of Hydroxypropyl Chitosans
Bearing Cholesteryl and Acryloyl Groups

Jang Hoon Kim, Seung Yong Jeong, and Yung Dae Ma f
Department of Polymer Science and Engineering, Dankook University,
#8 Hannam-dong, Yongsan-gu, Seoul 140-714, Korea
te-mail : ydma@dankook.ac.kr

(Received October 10, 2003, accepted January 5, 2004)

A2 Qg AP G ARE SOISBATRR SEA} o) 2] A, F 6T
RS A7 ANEA T2 S| B} o] Fe) ofadal ol AEEE ysick w3 gAeel gt
62 2H RS A RS AT 2D SRS ola A A 2EES B AANE AT e
E52 Axsigrh BE ARS] APEAN oHE FoN Tlaage] BEATE AEshgle). sl
Sz 7 Eake) olshd] FeiEdE AN LE v laAnEe A5l UdTas A oy
§ U2 EE FAs FAsHE gl A P9lelA RES de g olze] ARk
EA7E RN G wbbhE A Qup Bl A AUk e Hxe] Baoc) 6.3

A 2rolMe EuzEE e Sl ol gt a2y FeEaEHE kel 34 B, §9
<5 Yel= 2,2 6¢-ZHULHEESATIREREAZRE F)E4ko] o] 9] ofF - A} o AEf o] n]s

of EE JfA RS2 WS UERA] ofgtow, o3 AP e-FEl ARSIl ERIRA LR
Z 7|4k oAk ol AE e FAHY 727} el ffsf dAsH WsHE AXRITE 2E Tk
AEEel oA A7t e] SRR 221 oA o] AR gl

ABSTRACT : A new hydroxypropyl chitosan capable of forming a thermotropic liquid crystalline phase and two
kinds of derivatives based on the hydroxypropyl chitosan (6-cholesteryloxycarbonylpentoxypropyl) chitosans
(CHPCTs) and acrylic acid esters of CHPCT (CHPCTEs) were synthesized. The crosslinked films with liquid
crystalline order were also prepared by photocrosslinking CHPCTE in mesophase. The liquid crystalline
properties for all the samples and the swelling behavior of the crosslinked samples in acetone were investigated.
In contrast with the hydroxypropy! chitosan, all the uncrosslinked cholesteryl-bearing samples formed mono-
tropic cholesteric phases with left-handed helicoidal structures and exhibited reflection colors over the full
cholesteric range. This is the first report of a thermotropic cholesteric liquid crystalline chitosan derivative with
reflection bands in the visible region. Both the optical pitches (4,’s) of CHPCT and CHPCTE decrease with
temperature or with cholesteryl content at a given temperature. However, the A,, of CHPCT was larger than that
of CHPCTE at the same temperature and at the same cholesteryl content. All the crosslinked samples did not
display reflection colors, indicating that the cholesteric structure of CHPCTE significantly changes upon
crosslinking. The two-dimentional anisotropic swelling characteristic of liquid crystalline networks was observed
for all the crosslinked samples.

Keywords : hydroxypropyl chitosan, cholesterol, optical pitch, helicoidal sense, anisotropic swelling .

1. A& S PAZT= APl AER A A& HERIAo R
FE] 7=l Aew A= Qrk g, ko] Al
AZER2 oA SxASo] £ulAS 1wl gulag+s oAk 29~ frA|ESo] ZAHE AA (cholesteric liquid

Z2|H, #2874 #|13E, 20043, pp 41-50 41



42 Kim et al.

v

2 0 A A]-

crystalline, CLC) A= A shol= A2 AE
<o] AYL Q3= chiralityel] oJsf 2= Aew Az
=i 3

AERE o 20} Fro] FH3] ke Qe 7|S "ol
ARSI A QojzlE 71EARS chinlityS AYL Y&
Rk ofuEt AER oA AlERT AR Zlo R By
°of ek’ =3 AEE e 9t e 2709 OHY| °]<le|
I2fe e A%ke] ¥ Al NHy71E AW gk w2t
A, 71EARS A A s S Fole] ARl
2Ale SAE Eelthe AAEAL Alxsh=d 783
ARk & 4= lok agels E8lka 7| EAMAlS] o
Aol gk A= diwks] A8 Buk o2 acetoxy-
propyl chitosan¥}? hydroxypropyl chitosan (HPCTO)E-" |
Setae 5L Al A3k AEelth vSe] A
ERe2A1Y] b CLC AellA &3] B2 A9
Zo|¥ F|BAF FEA7L 7FA1F gl o] 33} pitch

ki sk Hae

&

0% AW DA L A 94
73 A A ot

A = mke} o] F=AEF SAEC] mesogenic
SR FAEC] e 53 1EAEe] F4%e ¢
g gAre] 7ot dA A AR SAKES
spelrx, Skl Ak A3s Sl vt 9
F3L 2 ol gt ANES AER A 52 I R4
theFeh mesogenic D9S-S AR =A< Al
28 EAS A BB BHo] P A,
FHT 2 A7 o 2EIEE 223l hydroxypro-
pyl cellulose (HPC)2] 6-cholesteryloxycarbonylpentanoates
(CHPCs)2} CHPC®] o}z At S| ~E]E (CHPCEs) E5F
7 Hzre] YATEE AU £kl 3 a,
©] Z+2=3k= monotropic CLC 4 FAIFHS dolllet?® o]
&k A2 HPC AbA|9} 22179} 22 non-mesogenic
WES ST A HIC FEASS 35 932 1
A7xE AYr x5l 98l h,°] F7Fsk= enan-
tiotropic CLC Ar& dAIsh= AR 3¢ gho)slm] CLC AF
o R4, WANE Teln BB SAlke] £
=) cholesterogen, 5 cholesteryl (CH)LF-°l] 217314 <]
£3h2 AJARgIEL gkH, CHPC, poly(cholesteryl-w-acryloyl-
oxy-alkanoates)2} poly(cholesteryl-aw-methacryloyloxyalka-
noates) 5 Al9]gk FAF? 2 FA I FakE
o EH2HE FEASS ¥ 7FA19] spacerst A3k
A& Fsle SAkedd =9AA 4L @5 AEE CLC
e FABHA] ko smetic s A= AMES
2 9, CH 155 SAe=E Ad 2@2459] CLC
9 Ao TS A FEE, FAET
Abee] AdtA, SAkae] 213k Sl RIFsH oE

o

ok

'

2 A%

i
of

Polymer (Korea), Vol. 28, No. 1, 2004

e AR,

2 A A= hydroxypropyl (HP)7]<] 2]2% (degree of
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Figure 1. Schematic structures of HPCTO, CHPCT, and CHPCTE.
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3Fgc). F92H|E (Tokyo Kasei Co., Ltd.), adipoyl chlo-
ride (ADC; Tokyo Kasei Co., Ltd.), acryloyl chloride (AC;
Tokyo Kasei Co., Ltd.) ZZ2]3L propylene oxide (PO; Jassen
Chemicals Co.)= AlHEFS 743t IHE ¥hgof o]
£3t5ch BUNAAIQl 2,2-dimethoxy-2-phenyl acetophen-
one (DMPA; Aldrich Chemicals Co.)+= ol|gk&-o] 2J3) A
A3 A REgell o]gstgict ol9le] whg W A=
o AAel AR Aok §0) S B 5o A5
ABEE Tl AAlglel o= AHggT,

4. FT-IR (ATI-Mattson)2 7] A} 7} A 85 KBr
pellerS o] §3te] el vk fEASS FRREE
&85 KBr plated]] =3, 71zt 5743}tk HPCTO2
'H-NMR (200 MHz, Gemini-2000) 2~#] E 32 tetramethyl
silane (TMS)E 7] &4 R 3lo] CDCl; €94 (5 wi%) =
o] &3t 30 Colx A3t LAk HPCTOS] “C-
NMR (JEOL GX-400, 100.8 MHz) 2~ZE]2 D,0 £}
(10 wt%)= ©]&sto] Aeolx At Lot =
ASe] AAe] Fds, €4 A D =4 52 74
Z (Mettler, FT-82)3} £=x27] (FT-80)2 F-2hA]71 =
33 n| A (Reichart Co.)-°/] =3} differential scanning
calorimeter (DSC; Mettler, Model 30)2] €-3-Alel 23l #
Esigich CLC Ao WAt a0 xS
circular dicroism (CD; JASCO Model J-700)2] A3 E 2] o)
o)l AEstect

HPCTOS2] 3. HPCTOE= ARS8 st &2
27| EAkE ZHstel dAI)FellA POSE Hg-AIR el 9
3 Alxzslgict whg-qhE o] HPCTOS] DSt MSel vl
A= dF= AESH] f8tke] REEE (10 bar) ©] 9]¢
BE RS AR FdsA dte] HPCTOE Al
3}t HPCTO®] Alx2x71E Table 19 F33le
el it

CHPCT®] 4. CHPCT+ HPCTOS} ¥ 2HE¥}
ADCE H¥HS-A]A L2 6-cholesteryloxycarbonylpentanoyl
chloride (CH6C)E tholEAb=]edl E3k&viel A7}3}

Table 1. Preparative Conditions for HPCTO and Its
Molecular Characteristics”

sample [N,OH]" [PO]* pressure T !
code [GIN] [GIN] (bar) (C) (0
HPCTO 32 554 10  gummy,soft 6.2 2.54 -18 150

“The etherification was carried out in the presence of the hexane as diluent
solvent at 70 C for 16h. "Molar ratio of NaOH/glucosamine (GIcN) unit.
“Molar ratio of propylene oxide (PO)/GIcN. “At room temperature. ‘By
'"H-NMR measurement. / By "“C-NMR measurement. Glass transition
temperature determined by DSC measurement. ~Isotropization temperature
determined by light polarizing microscopy with hot-stage.
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Figure 2. FT-IR spectra of (a) chitosan, (b) HPCTO, (c)
CHPCT-1, (d) CHPCT-2, (¢) CHPCT-3, and (f) CHPCT-4.
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Figure 4. "C-NMR spectrum of HPCTO at room temperature.
Solvent D,O; accumulation: 2700.
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Table 2. Thermal and Cholesteric Mesophase Pro-
perties of CHPCT-N and CHPCTE-N*

sample DE’ transition temp. in C° helicoidal sense’
code Tes e
CHPCT-1 2.08 30 74 left
CHPCT-2 254 28 71 left
CHPCT-3 2.65 26 70 left
CHPCT-4 2.77 25 68 left
CHPCTE-1 <20 57 left
CHPCTE-2 <20 55 left
CHPCTE-3 <20 53 left
CHPCTE-4 <20 51 left

“All the samples formed only a monotropic cholesteric phase. “Degree
of esterification determined by FT-IR mesurement. ‘Determined by
optical polarizing microscopic observation. T¢ : cholesteric-to-solid
transition temperature, T - isotropic-to-cholesteric phase transition
temperature. dBy CD measurement.
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Figure 5. FT-IR spectra of (a) CHPCTE-1 and CHPCTE-1G.
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o] & (T,=-18 C)&A k== 47 wsute] &
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Figure 6. Optical microscopic textures of HPCTO. (a) untreated
HPCTO (80 C), (b) sheared HPCTO (the arrow indicates the
shearing directions), (¢) HPCTO/CH;0H solutions (70 wt%) at
room temperature, (d) HPCTO/H,O solutions (70 wt%) at room
temperature.
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Figure 7. DSC thermograms of HPCTO recorded in heating and
cooling modes at 10 “C/min.

Figure 8. Optical micrographs of CHPCTE-2. (a) slowly heated
from the room temperature to 50 C; (b) slowly coolded from the
isotropic state to 55 C. (c) step-cooled sample (b) to 50 C. The
micrographs of (d) shows the texture observed for CHPCTE-2G
on slow cooling from the isotropic state to 90 C.
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Figure 9. CD spectra of (a) CHPCT-1 and (b) CHPCTE-1 at
different temperatures.
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Figure 10. Temperature dependence of the optical pitch (A,,) for
(a) CHPCT-N and (b) CHPCTE-N.
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Figure 11. Time dependence of weight swelling ratio, AW, for
CHPCTE-NG in acetone at 25 C.

Table 3. Thermal and Swelling Properties of CHPCTE-
NG*

TV AS ASy A A AW p,
(C) ) &) (B (W) (%) (gem)
CHPCTE-IG 112 432 433 464 20049 10326 153
CHPCTE-2G 110 49.1 49.1 525 239.04 12042 149
CHPCTE-3G 107 542 545 583 27730 15007 145
CHPCTE-4G 104 592 593 633 31424 17562 141

sample code

“Swelling experiment was carried out in acetone at 25 ‘C. "Isotropization
temperature determined by optical polarizing microscopic observation.
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