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Abstract: Two kinds of N,O-hydroxypropyl chitosans (HPCTOs) with degree of substitution (DS) and molar substitution
(MS) ranging from 2.15 to 2.39 and 2.9 to 4.1, respectively, and five kinds of aliphatic acid esters of HPCTOs (HPC-
TOAms, m=0,2,4,7,9, the number of methylene units in aliphatic substituent) based on the HPCTOs were synthesized,
and the thermotropic liquid crystalline properties of the derivatives were investigated. All the derivatives formed enan-
tiotropic cholesteric phases whose optical pitches (4,’s) increased with increasing temperature. However, the glass and
clearing temperatures, the magnitude of 4, of the mesophase at the same temperature, and the temperature dependence
of 4, of the investigated derivatives highly depended on MS and m. The thermotropic mesophase properties of HPC-
TOAms were significantly different from those reported for the aliphatic acid esters of hydroxypropyl celluloses. The
results indicate that the secondary amino group in the C-2 position plays an important role in the thermal stabilization
and temperature dependence of A, of the cholesteric mesophase.

Keywords: hydroxypropyl chitosan, aliphatic acid esters of hydroxypropyl chitosan, degree of substitution and molar
substitution, cholesteric phase, temperature dependence of optical pitch.
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Figure 1. Chemical structures of HPCTO and HPCTOA.
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Table 1. Preparative Conditions and Molecular Characteristics of HPCTOn"

[NaOH] [POJ¢

Pressure?

Sample code MS¢ DS M,Ex10 M, /M
[GIeN] [GleN] (bar)
HPCTO1 0.6 10 30 29 2.15 12.1 2.08
HPCTO2 0.8 15 30 4.1 2.39 14.4 2.14

“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(GlcN)
unit. “Molar ratio of propylene oxide(PO)/GIcN. “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 ratios estimated by GPC.
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Figure 2. FTIR spectra of (a) chitosan; (b) HPCTOT1; (c) HPCTO2;

(d) HPCTO1A0; (¢) HPCTO1A4; (f) HPCTO1A9; (g) HPCTO2A2;
(h) HPCTO2AT.
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Figure 3. 'H NMR spectra of (a) HPCTO1; (b) HPCTO2; (c)
HPCTO1AO; (d) HPCTO1A4; (e) HPCTO1A9; (f) HPCTO2A2; (g)
HPCTO2A7.

T}2 HPCTOIAm# HPCTO2AmE 593 'H NMR 23
Eg2 Uepdth FTIR 223 'H NMR 2423237 3
@3t w, HPCTOnAmE-S HPCTOn®ll A)5k= ©& OH7]
oF 71 B4k Sk 1] NHY] & 3 39k X8k o=~
it 390 Al EEQ] AeE AyztE

71 EAke] BC-CP/MAS 2FE- 3} HPCTOn2] BC NMR
2~HEZE Figure 49| YEPATH AEZ 0 2Y T2 7|81*
ARzl EAjskE olEl23} OH7 |0l A4 e 4] &
52 H|X|8 OH7|dl] AA =] e Bae] Fgof vlg)] @
2 272 o]FHL olgg AR H T EA AE F9]
" X8 C-2, C-3, C-6 BHAe 7108k w37} b2t 61.5, 74.5
23l 62.4 ppmollA FEE = AMDS 78S w], HPCTOn
oA #ZEE 618,619, 75.2~75.5 L] 3L 63.1~63.3 ppm
Fzo] ¥=E 7iz 2$hE C-2 B4(C-28), C-3 ¥4 (C-3S)
2]3L C-6 ©EA(C-6S)l 7113 Ta =AYbt shA, A
718 Fehee s 2 Fofl FAlshes ©AE o]9]oll p(76.5~78.2
ppm), (I)(21.30~21.55 ppm) L& 3 (I1)(19.05~19.20 ppm)<]
Y| 3EL 77} S|EEAZ2 I Y] Fo] CH2F CH, 2ee] 3
TEAZRH7] 9] CH; 283l WH-9] s|=gA|Z2 7]
Z9] CH; B9l 7]291%F 335 Jehith? HPCTOS MS
& (1) F3Z gk () T2 |AH|E o]&-ste] Hrhehs
HPCTOn®| DSEHE-S Table 1] UERTH HHelrf? 2 A

Polymer(Korea), Vol. 37, No. 3, 2013



280 A8Z - B8
=] c4 ©5 c6
Ilﬂ /Il |I c3 il c-2
/ A A
Y N @ J\ S \‘_ N o
pP P
c-2
f‘.w cs| P c2s =
I | s . F 1)
\ i Sy A m
| A\ c3s c3 | f .—
- (b) e A I / ]'l,
/ " J S I
- \____’ , A I (RN N A \_
(.
M
| | u __-'\
\J | | :IIIII I."" I. / |II
i aN (c) P A L __-JJI \_ o \__
L 1 Ill L L 1 n | L " 1 L ”- i 1 J
106 104 80 78 76 746 62 22 20 18

ppm

Figure 4. “C NMR spectra of (a) chitosan; (b) HPCTOI; (c)
HPCTO2.

A} e o] =%, oY 2]a AZketA FFEAL
21 G9)e]l thek NaOH 22]32 Z2g SALo|=9] molH &
77} 0.8~3.24 1231 20~802.F 2 A 3ol oJ&l DS=2.47~
2.52 28|32 MS=4.9~7.8%] H<lell 9= HPCTOS| A=7}t 7}
TS Bk olE g AR B 2 A e w9 §F
g, &% 123l AR IS skal FFIAN] Tlel o
gk NaOH$} Z 233l SALo]=9] moM| ¥ 243l ofs)
A1 HPCTO®S| MS¢} DSE B SeHA 24T F oS Al
=

ddbM oM EM. HPCTOn(n=1,2), m=0,2,4°]1 HPCTO1Am
I2]3 m=0,22] HPCTO2AmMS “g-2-0l|4] wiale] 1] Aejol
HhH m=7,9%1 HPCTO1Am 12]3 m=4,7,9%] HPCTO2Am
2ol o] Zhgk AA| o] EEEA BaEdS vE
Woh e A8 P A S I AlEES
7Hgste] A AA JEIE g & Wz Aol WA
nj7o) oJal #A=E = F2ZES Figure 59 (a)<(o)ll

2= Kol
T =]

— o aTE =
ERTE. HPCTOL ©F 200~215 °C2] 2= 9JolM polygonal
2 (@E B4t Sl o8l x4 (ay= planar 2| (b)=
HEATH A EE A48 FZAZ 739 oF 198 °CellA] 27
(ay= A Ao g Welitl. HPCTO13} €2 HPCTO2E *=
& 2% oM = fingerprint 23] (c)E FA 5= W o
EolME= focal-conic Z2(d)yE FA3IFLE U= AlEER
Lo oEst] 2E %ol A = fingerprint((e), (i), (k), (m)
22 (0)) = focal-conic((f), (g), (), () T () 23S &
g B 2EoAE A Aol A A (h) )= ¥
3tk o]# 3 A& ®E HPCTOn, HPCTO1Am 28] 3L
HPCTO2AmS A 928|845 YAHS ov]gich

Figure 6 HPCTOn, HPCTO1Am 2|3 HPCTO2Am®]
DSC €452 UetH HPCTO1S A&t ZE AR E

2 v== QA S

2=
°
.

Zay, 43748 A33, 20133

Figure 5. Optical textures observed for HPCTOn and HPCTOnAm
on slow cooling from the isotropic state: (a) HPCTO!1 at 210 °C
(polygonal texture); (b) sheared HPCTO1 at 210 °C(planar texture);
(c) HPCTO?2 at 170 °C(fingerprint texture); (d) HPCTO2 at 95 °C
(focal-conic texture); (¢) HPCTO1AO at 150 °C; (f) HPCTO1AO at
110 °C; (g) HPCTO1A2 at 80 °C; (h) HPCTO1A2 at 60 °C(solid);
(i) HPCTO1A4 at 150 °C; (j) HPCTO1A4 at 130 °C; (k) HPCTO1A9
at 110 °C; (1) HPCTO1A9 at 30 °C; (m) HPCTO2AO0 at 130 °C; (n)
HPCTO2A4 at 25 °C; (o) HPCTO2A9 at 25 °C.
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Figure 6. DSC thermograms of HPCTOn, HPCTOlAm, and
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Table 2. Transition Temperatures(°C), Enthalpy Changes(J/g) in Square Brackets, and Average Refractive Index(z#) of HPCTOn

and HPCTOnAm

Heating Cooling n
Sample code
T, Tot T T4 T, 75°C 110 °C 130 °C

HPCTO1 41 ~220¢ ~215¢ ~198 39

HPCTO2 29 185[1.42] 183[1.39] ~85 27 1.472 1.471
HPCTO1A0 36 180[1.31] 178[1.29] ~101 36 1.473 1.472
HPCTO1A2 32 171[1.53] 169[1.50] ~67 30 1.474 1.472 1.471
HPCTO1A4 26 164[1.72] 161[1.70] ~40 23 1.473 1.471 1.470
HPCTO1A7 20 151[1.98] 148[1.95] ~24 19 1.472 1.470 1.469
HPCTO1A9 15 140[2.12] 136[2.08] ~18 13 1.471 1.469 1.469
HPCTO2A0 22 163[1.30] 161[1.29] ~69 20 1.473 1.471 1.470
HPCTO2A2 15 154[1.47] 151[1.41] ~47 14 1.472 1.470 1.469
HPCTO2A4 10 149[1.63] 145[1.57] ~25 8 1.472 1.470 1.468
HPCTO2A7 6 131[1.85] 130[1.81] ~11 3 1.471 1.469 1.468
HPCTO2A9 -5 115[1.99] 113[1.90] ~5 -7 1.470 1.468

“Glass transition point. ’Cholesteric(C)-to-isotropic(I) phase transition point. ‘I-to-C phase transition point. “C-to-solid phase transition point

determined by polarization microscopy. ‘By polarization microscopy.
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Figure 9. Selective light-reflection spectra of (a) HPCTO2; (b) HPCTO1A2; and (c) HPCTO1A9; (d) HPCTO2A9 at different temperatures.
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