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ABSTRACT : (6-Cholesteryloxycarbonylpentoxypropyl)celluloses (CHPCs) with degree of esterification (DE)
ranging from 2.25 to 2.91 were synthesized by reacting hydroxypropyl cellulose with 6-cholesteryloxycar-
bonylpentanoyl chloride. The acrylic esters of CHPCs (CHPCES) and their photocrosslinked films with liquid-
crystalline order were also synthesized. The thermotropic properties of mesophase for both uncrosslinked and
crosslinked samples and the swelling behavior of the crosslinked samples in acetone were investigated. The
hydroxypropyl cellulose exhibited an enantiotropic cholesteric phas, while all the uncrosslinked cholesteryl-
bearing samples exhibited a monotropic cholesteric phases; the 6-cholesteryloxycarbonylpentanoyl chloride also
showed a monotropic smectic phase. The hydroxypropyl cellulose formed a right-handed helix whose optical
pitch (A,) increases with temperature, whereas all the uncrosslinked derivatives formed left-handed helices
whose A, sdecreased with temperature. The thermal stability of the mesophase and the magnitude of A, at the
same temperature for both CHPCs and CHPCEs decreased with increasing DE. All the crosslinked samples, in
constrast with CHPCEs, did not display reflection colors but exhibited an anisotropic swelling characteristic of
crosslinked gel retaining liquid-crystalline order.

Keywords . hydroxypropyl cellulose, cholesterol, optical pitch, helicoidal sense, anisotropic swelling.
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Figure 1. Schematic structures of HPC, CHPC, and CHPCE.
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Figure 2. FT-IR spectra of (a) cholesterol and (b) CH6C.
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Figure 3. FT-IR spectra of (a) HPC, (b) CHPC-1, (c) CHPC-
2, (d) CHPC-3, and (e) CHP C-4.

Table 1. Thermal and Mesophase Properties of HPC,
CH6C, CHPC-N, and CHPCE-N*

sample »  transition temp. in T° « helicoidal temp.
code T Tn T Tu T Ti mesophase sense” range’
HPC® <20 145 C right  25-120
CH6C 88 35 42 81 §,C left  43-81
CHPC-1 225 8 33 76 C left  35-75
CHPC-2 258 76 32 74 C feft ~ 35-70
CHPC-3 285 7230 71 C left ~ 35-70
CHPC4 291 70 27 69 C left ~ 30-65
CHPCE-1 <20 60 C left  25-55
CHPCE-2 <20 57 C left  25-55
CHPCE-3 <20 35 C left  25-50
CHPCE-4 <20 52 C left  25-50

“Among the samples, only HPC exhibited an enantiotropic cholesteric phase
and the remainder a monotropic one. “Degree of esterification determined by
FT-IR measurement. ‘Determined by DSC measurement and optical polarizing
microscopic observation (see text for details). T : anisotropic liquid-to-solid
transition temperature, 7, melting temperature, 7 crystallization temperature,
7; : isotropization temperature, T : isofropic liquid-to-cholesteric phase transi-
tion temperature, 7 cholesteric-to-smectic phase transition temperature. ac:
cholesteric, S : smectic. “By CD measurement. ‘Temperature ranges for
cholesteric color reponses. *From reference 17.
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Figure 4. FT-IR spectra of (a) CHPCE-4 and (b) CHPCE-4G.
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Figure 5. Optical microscopic textures observed on slow
cooling from the isotropic state: (a) untreated CH6C at 75 T,
(b) treated CH6C at 75 C, (¢) CH6C at 39 T, (d) CH6C at
37 C, (e) CH6C at 34 C, and (f) CHPCE-2G at 90 C.
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Figure 6. DSC thermograms of (a) CH6C, (b) CHPC-1, (c)
CHPC-2, (d) CHPC-3, and (¢) CHPC-4.
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Figure 8. Temparature dependence of the optical pitch (Ay)
for (a) HPC, (b) CH6C, (c) CHPC-N, and (d) CHPCE-N.

E2H, A284A A1, 20049

Liquid-Crystalline Cellulose Derivatives 99

S FAse ER FR/ g wEbA, HPC,
CHPCN o=z CHPCE-NO] Zolgl LxoA Yehy

= 8 2= AEZ o 20 x4l Arze HEF2
]3} slalpxe] zlol2 el Do} g9 Apo|EHE =
A= Folzt & = Uk

n=158 7} A% HPC7} 40 T4 Yehl:= p
£ 2 310 m¥ Ze® 3=t (Figure 8). ©]23F A
Al 9l gpCe] Al Ao] ¢F 10 AQ) AMLS e of)*%

1 pitch & °F 3107§¢] HPC #A=-¢] pseudonematic 5
= 53‘35]-1 = Row FA=LL §H, HPCS 1-721
Ay FEAEHS? FHaHES] YAl F
A AAEE AU ZYnEa el XA]f—JJr
FAE7] Ae shagr) 1] F7he) wel oF |
Aol Zrlel= Aow RuEo grh wil fA%F F
A 9@ AAFE FAE N BAER 249 FHA
B2 282 20)= ok 22 AQl 2o ® muEo Q)
w2} A, CHPC-No] 40 CollA Yeh: 7} DEell 73
817 HPCS) g9} F-dstrin 7HdE 7§, CHPC-NS p
= oF 1200 nmmAEY Zo R FARAC o|g o]
7}El p= CHPC-No| 40 CollA Yeldle p hEel ¥
& of 3wz} =t} o|2fdk AAE HPCS} CHPC-NO|
A2 LA vebds pol Apolell ot ZE3<)
2 D2 F7kel A% Rel eha Hpcell FelH|
aFel =45l 23l g7} FA3] Sk AR
B 292 ofv|gint

HPCS| g el|iropd|o|EE2] FALEF FaAlazt
< 7431% ABEol| AL dEsA] g AR ¥y
=)oy it} g, poly(y-benzyl L-glutamate-co-y-dodecyl
L-glutamates)”} 523k 2=l Veliis A9 Aol
FTTEAY 2Rl 23 FAREH FAREE] A
2]o] H3lel] 23k Flo] o F2 4o W3lo] 23
Zel=le Zle® 3 aFe] Jrkb o) AAEE 3
28 wj, CHPC-No|| o282 Y a5 =g 93
Fdg XA el aS] 27171 FepAls AR
2 (Figure 89 ()} (d) D&} WstRchs 2 ¢2] 37}
o g3 e Ao Azt

A& vhel o), 227} gl wel HPCY A,

% l8}h= CHPC-N# CHPCE-NS] A, & ZAdch 4
o & D2 Z7}& (dinD/dT)°) °F 10 T'2A o)

Fe AU 2T A0 T APE F2 L

s
k3]
q

-1“3 n 1-‘0 °F‘

oN'

o) 2l g2} W3l 5 HPCe) Aol g9 #

CHPC-NZ} CHPCE-N2| A$-elE ¢2 Z7}ol
=2 A)A}3) Figure 89 ()9} (HE vz g
H & 4= 4%, CHPC-NZ} CHPCE-N®| Yehii=
of 93k, 2 Fagels dA3 Aolrt vk

o 2 1o [y {d rxloérlo
% \‘J”

o>
o

Agg AEZeA F=A 99



100 Kimetal

olHE AL 2xATol T ¢o F7He2 DES
olzd2d 2F Tl A EshA] S AARE
A2 S5 9E84L AAEe sdhrx, AR A
Iz Bl opy} FARES] T, FFEEA =24 F
o B2 Qe 23 glskA AvliEe Hlew A
Zp o} A7 IMBA0 el ay o] FAel] wjgk ®e} Eslt

IS 7] Y3t DE, 250]A9] 710] non-mesoge-
nic &9 58 23l NG FEAES 1834 D
2} g9 2% &) Wk AAAR] AEF 8=}

CHPCE-NGY] #&54. 7w 5E0] oplE Fo
A el awel B-&A17He] BAIE Figure 99l Vel
Wek o 2047k A=A P42 HYo xEEE &
5 ook IR ESo] HYAelA veldlE Al 45
ZES Table 20 FE38t Yeldlc) a5 34& o83l
o2-2] Aojl o) A== AlFHFH] (4V)E Table 2
o A velyich

AV(%o) = (V-V )V, X100 3)
200
v Y v v
160 -
v
v A A A A A
)
é 120 - N m] o O =i
E O O O Q
< 670
v
80 | o ®
va
Ag % O CHPCE-1G
O CHPCE-2G
% A CHPCE-3G
(- ¥ CHPCE-4G
40 §
1 | i { !
0 10 20 30 40 50 60
Time (hr)

Figure 9. Time dependence of weight swelling ratio, AW, for
CHPCE-NG in acetone at 25 C.

Table 2. Termal and Swelling Properties of CHPCE-
NG*

sample TP AS. ASw  ASy AV AW P

code ) W) (k) B () (6 (gem)
CHPCE-IG 112 421 424 456 195 102 151
CHPCE-2G 111 467 468 50.1 223 120 146

CHPCE-3G 108 513 512 552 255 141 143
CHPCE-4G 105 575 576 625 303 170 140

“Swelling experiment was carried out in aceton at 25 C. *Isotropization
temperature determined by optical polarizing microscopic observation.
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