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2 9 EXNPE (MS)7) & 5 $#2] (hydroxypropyl)celluloses (HPCs) ¢} o) B2 %8 3714
9 #=Al, & (acetoxypropyl)celluloses, (ethoxypropyl)celluloses®} (cyanoethoxypropyl)
celluloses -8 YHT FAld o189 4 € HAAe BAHE HEINY. RE ARELS 429
4] cholesteric 4te] WAMNZEE VehiD] x4l o8] B pitch (A,) 7 B7Fsks 5%
o] JHFEE YUY 2, JES fEAEe] A S el doleE(T)
3} Fejdol e, YUY SR HANo] dehls 4,8 27 22la 4,9 25EHL MS
¢} HPColl =2J€ el Ho] 9 FHatzd IA4 &SIt} olgel g Arie F49
FrAage] alel aeln FHET A FHe] AN HEAHGT. 2ZE FEAEA UM, Ay
$ES dAYe THU 2 2544 ZHds J2ng 259 9§ ydwale) €de A%
=z ggtet.

ABSTRACT: Two kinds of (hydroxypropylicelluloses (HPCs) with different molar substitu-
tion (MS) and three types of derivatives based on the HPCs: (acetoxypropyl)celluloses,
(ethoxypropyl)celluloses, and (cyanoethoxypropyl)celluloses were synthesized, and their ther-
mal and mesomorphic properties were investigated. All samples, which exhibit cholesteric re-
flection colours at room temperature, formed right-handed helicoidal structures whose optical
pitches (4., increase with temperature. However, the isotropization (7)) and glass tempera-
tures, the magnitude of 4, of the mesophase at the same temperature, and the temperature
dependence of A, of the investigated derivatives highly depended on MS and the length and
structure of the side chain introduced in HPC, The results were discussed in terms of the dif-
ference in the polarity and flexibility of the substituents and the distance between the main
chains. For all derivatives, A, values approached infinity at temperatures above the T of the
mesophase, and no reversal in the sense of the pitch with temperature was detected.

Keywords: (hydroxypropylicelluloses and their derivatives, molar substitution, cholesteric pitch,
length and structure of the side chain.
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Figure 1. Structures of HPC, APC, EPC, and CNPC.
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Table 1. Preparative Conditions for HPCs and

Their Molecular Characteristics®
sample [NaQH] ® [PO] ¢ pressure MS? DS¢
code [AHG] TAHGI  (bar)
HPC-1 08 20 10 49 262
HPC-2 0.8 20 30 54. 265

% The etherification was carried out in the presence of the hex-
ane as diluent solvent at 70 C for 16 h. ® Molar ratio of NaOH/
anhydroglucose (AHG) unit. © Molar ratio of propylene oxide
(PO)/AHG. “ By 'H-NMR measurement. * By '3C-NMR mea-
surement.

HPCe] DSt MSdl A& d8& HES] sy
uhg-gte o]9je] RE wMEERAL YA 3l 2
7he] HPCE A} &3¢t} (Table 13#3L). o|&e] ®
719 2olA ¢]E& HPC-N (N=1 E 2)8 YEt
wrlz @,

APC, EPC2} CNPC2| g4, APCE Tseng Lk
Aoty Wy e Anz 3o FAsATh o]Ee] Aot
3 wrgzA sl A= HPColl EAllsts OH7| 7} oAl
gr1z ¢gds NP FEAV A4EA dens
E d7NE AAYT wAZME o 2
t}. 1g¢] HPCE 6mLe] pyridined] §3A7 o
& 7.4mLe] AAE FlEich B8EE A, 3
A7)FEIA 1247 LA F, WY 22 &
100 C2 AaAA WgES 1AL FUF FRAA
t}, Aoz WA weES thae] e B
ZQA A AYEE AN Ao o
AABE oMMES] FMAATH Al ofs) E8H
2g AASE Qe §A9€ A3 B ol ¥l 4
B AANATH AL B oMEL HHHH
& 3-43] el 4 PYEE UL} 60 TolA
48A17t A=A AATH

EPCE tri-O-alkyl celluloseg] A|=dl| A\t %
Hel* guzg s Azsgc. HPC 1gé
60 mLe} DMSOd| ol AgdA a7 Fd$
g9& Azsgact. o £ anhydroglucose
(AHG) ©91%9] 12.5 mole] NaOHEZ& Yol 2
A7 FellM 1A B¢ TRk ZTh o] &4
AHG @839 10 mole] EI§ &24d H7hgell o
& del=3 whe-g AZh 20 C9 99 d EI
o] 2/38 A7kslo] 2417 Whg-& AT ¥, El9 1/
9% e 1A dez wgBd FArEth vA"
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o] El¢] 1/98 #7148 &, 188 2xE 70C=2
AN A 2047 B A2 AR 4L
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A 48717 REA T
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ot 8 o8
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(2973 cm™) B # (2876 cm™) AFWFH ¥
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Figure 39 HPC-N¢| 'H-NMRAHE#HE e}
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Figure 2. FT-IR spectra of (a) cellulose, (b) HPC-1,

and (c) HPC-2.
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Figure 3. 'H-NMR spectra of (a) HPC-1 and (b)
HPC-2.
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Figure 4.. '*C-NMR spectra of (a) HPC-1 and (b)
HPC-2 at room temperature. Solvent: D,0; accumula-
tion: 1100-2700.
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o] OHrlel Adigkg4de& ZEHAY + Ak
Kimura %& MSgte] @& A 882 7H9d YoiA
C-6, C-2¢% C-3912xe] OHrle AoiurgAe
1:09:04¢8 Budich. §AHE Zgko] DHPC
of BHME Buse] Ik? olal@ AN % C-6
AxelE AR XfPo] dojd AHEE mBE o,
HPC-N¢j zt gt49] M@gxE: C-6=1, C-2=1 1
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Figure 5. FT-IR spectra of (a) CNPC-1, (b) EPC-1,
and (c) APC-1.
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E AHERE JgE7) 37 fEAEC] BAHAS
€ ¢ + YUt HPC-228E Ax§ SSH
YoM = B2UE 2AE AUt

HPC, APC, EPCS CNPCS] AN #ME 3 X
BY. ZE AZAEL Ao 7¥ BF2A Aed
Al cholesteric 49 /¢ WAINZE Jepdc). A
FER A4 o8] 30 CTAHAN BAHE AHZF o
24 HPC-2, EPC-2% CNPC-2& 2z} Figure 6
9] (a), (b), Z2E)x (c)o VEbYT) TIE AIRER
30 CdlA4 Figure 69 JEebd ule} L focal
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Figure 6. Optical microscopic textures in the mesophase for (a) HPC-2, (b) EPC-2, and (c) CNPC-2 at 30 €. The
micrograph of {(d) shows the texture of the mesophase of HPC-2 at 120 C.
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= g#ge v 7, B2dlA DSC thermograms
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Figure 7. DSC thermograms of (a) HPC-1, (b) APC-
1, (¢) EPC-1, and (d) CNPC-1.
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Table 2. Thermal and Cholesteric Mesophase
Properties of HPCs, Their Ester and Ether Deriv-
atives

sample TS T¢ Tf B/ T Ty

code (€) (t) (t) (10° nm'K'} (K)
HPC-1 system
HPC-1 -28 145 225 -1.085 518
APC-1 -45 110 193 -1.214 457
EPC-1 -50. 97 180 -1.312 440
CNPC-1 -32 119 167 -1.424 425

HPC-2 system
HPC-2 -37 135 205 -0.935 513

APC-2 -55 100 180 -1.050 455
EPC-2 -58 90 175 ~1.137 437
CNPC-2 -40 112 160 -1.270 417

% Glass temperature determined by DSC measurement.
® Isotropization temperature determined by polarization micros-
copy. © Degradation temperature determined by DSC measure-
ment. ¢ Slope of plot A, against T. ¢ Compensation tempera-
ture evaluated from the extrapolation of the plot in Figure 10 to
infinite A,

Shimamura &' HerculesAl®] Klucel-EA| &7}
160-205 C2] 2= A cholesteric Aol E4#%
wAAZE JEPdE BaEgc o] AlBe MSst
DS@e A7AE o8 tia Een, MS=4.0-4.2
283 DS=241-2.6%%% go MS=3.75 181
DS=25¢1% Aatzo] ¥anEo] Qr}l. Yamagishis]'’
A7ATe osd MS=4.1 281 DS=24¢l
Tokyo KaseiAle] HPC7} 160-210 ‘cel &x=¥9
4 cholesteric A& FA§rE. #8, Shibayevs}
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Figure 8. Temperature dependence of the wave-
length of (a) C=N streching band in CNPC-1 and (b)
C=0 streching band in APC-1.
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Figure 9. CD spectra of (a) HPC-1, (b} HPC-2, (c) APC-1, (d) EPC-1, and (e) CNPC-1 at different temperatures.

The spectra (f) represent the apparent absorption spectra of HPC-2, which were obtained by means of a UV-VIS
spectrophotometer.
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Figure 10. (a) Temperature dependence of the opti-
cal pitch (4,) for HPC-1 and its derivatives. The dot-
ted and dot-dash curves represent the results for APC
reported by Rusig ef al'*and for EPC reported by
Ritcey and Gray,'® respectively (see text for details).
(b) Temperature dependence of the pitch for HPC-2
and its derivatives. Open marks are from reflection
wavelengths measured by UV-VIS spectra.
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