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Abstract: Nine kinds of hydroxypropyl celluloses (HPCs) with degree of substitution (DS) and molar
substitution (MS) ranging from 2.10 to 2.71 and 2.3 to 6.7, respectively and seven kinds of fully buta—
noated HPCs (BPCs) based on the HPCs with 2.3< MS< 6.7 were synthesized, and the molecular charac—
teristics of HPCs and the thermotropic liquid crystalline properties of the derivatives were investigated. MS
was nearly equal to DS for small value of DS, but it became exceedly larger than DS for DS=1, showing
that in the later stages of reaction, propylene oxide preferentially adds to the side chains rather than the
main chain. All the derivatives formed enantiotropic cholesteric phases with right—handed helical structures.
The glass and clearing transition temperatures of both HPCs and BPCs were decreased with increasing MS.
The optical pitches (Ay’s) of BPCs, as well as HPCs themselves, increased with increasing temperature.
However, the Ay’s of both HPCs and BPCs at the same temperature increased with increasing MS.
Moreover, the temperature dependence of An of HPCs was weaker than that of BPCs, suggesting that
the helical twisting power of the cellulose chain highly depends on the length and chemical structure of
the side chain introduced in cellulose chain.

Keywords: hydroxypropyl cellulose, {(butoxypropylcellulose, degree of substitution and molar substitution,
temperature dependence of optical pitch.
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Figure 1. Schematic structures of HPC and BPC.

ERIP LIPS TR IR 255

A% AARCRE HES vaE AFg Aol
= DS MS7L 2289 HPCE 121 o1& o] 43l

3%) (butoxypropyl) celluloses (BPCs) o] GHIA] oI B4 e
B3l Figure 1), # A7EHE F3lo] #AEAS g@lshe HPC
2] gPdHS Bisa} Alell AlEES] HPCE ol gsle] IS BPC
SEI0 ogubyy ol EXo] it Fefe] Al el o)
HPC2] ®a154]0] HPCS} HPC2 REAES] 44 S/ nx=
ARE = o] & Ae] g HAjofrk E Atefld $ds HPC
SO AR S A A 0 B Wnlohe) oy A3
nanoparticle network, ' 8 vz AL o wigt P jonomer, 7%
2e5,” 0 gkl oA ke g™ ol tlekt 71s

e A AEE Axshe 78 AARAY] E8o) 7]chiEch

AelN
*J% DE=

S A

¢ rie
ol

ol
R

f

|

il
il

FIF

4

Aot 2z 2. HPC(Herculeserh, Klucel B, AEE @ A (Asahi
A}, Avicel PH 101, MW=3.36x10%, propylene oxide (PO;
Janssen Chemical’P, butyryl chloride (Tokyo KaseirD, tertiary
butanol (DukusanA) 2 o]¢]2] ¥k} WJE2] Ao ARSSE &
mjo} AJeke S 52 AFe) AIBES Tt AAjle] adlE
AHESESIT

B A2 ¢~ KBr pellet 18)1L HPCS) BPCY] 22232
oS KBraoll =X, AF3le] 32 AEFE0] FT-R A¥EZR=
Perkin—Elmer GX 33470l 28} 7123153k HPCS] 'H-NMR
(200 MHz, Gemini—2000) ~HEH-L tetramethylsilane (TMS)
& 7)FEEAE 510 CDCl £ wi%) & o gate] 2ol 54
3lo] Agirk HPCS) PC~NMRUEOL GX—400, 100.8 MHz) ¢] 2
HAEZHL D0 FH(10 wi%) S 018310 e Fdaie] B3k
FEAge) sk B 24 71 (Mettler, FP—-82 HD) % &
227 (FP-90, Switzerland) & F2A171 B4&v1d (Olympus
BH-2, Japan) ol 2J8l] #as}oich 4 xolx)] <l WHakaH) +
A7 F3lelM 7189 B2 £55 5 T/min© 2 310 2 differen—
tial scanning calorimeter (DSC; Mettler Model 30) & @340 2]
3 s371sIick FHI2EE ) 3 VPAHRES- circular dicroism (CD;
JASCO MODEL J-700) 2] ~HE=>e] 2ls)] A3tk CD &4
He Aref't A3 71Eskck

HPCQ| H. Ao} sl 97w AER 949 POS 8l
Ql guflol] BARAA 71kst 70 Tol 16417F $¢1 oflB|23} 9k3-A]
7 HPCE 433kth HPCO DS$F MSi= anhydroglucose
(AHG) 1 motell Th3t PO 3-2- NaOH2} molg- 78]at Whgste g
Zajslo] 24l ofske] Folel QloM Hhe=AE Eelsie] 9
F50] 9 HPCE 181 HerculesAke] HPCE 2 HPCn
(n=1~9) 78] HPCH=Z Yehf7]Z s (Tablel F1D).

BPC2| M. 1,4—140]L4H20 mL)/Fd (@2 @) & Z3-Erfel
HPC(1 g % AHG 9132 OH2] molsell 1.581] molrel] a3
== butyryl chloride® FUAA 110 Toll 24417 St 8574
ATk whE-E-S ko] ARLo] Foff FRIAIA 12A1F 52t TR
o}, ofajo] o)l 2578k HAES oMAlE] ZaAZ: ool &3]
Ao gl theke] A E(85~90 T)oll FYAIFTE el <

Polymer (Korea), Vol. 33, No. 3, 2009



256 g -

3 3t FAES 20 B oME 18l e EE HiEA)
Blo] G2 WIEE UsH 60 TolM 48417k B9 Az HPC
o RAEA] BPCY o BAle] mlAle 338 AP gl
6 52 HPCn(m=1,35,7~9) ¢ HPCHE o|§3lo BPCE-S &
A8k ot 7l olA REAES BPCn(n=1,3,5,7~9)
18]35 BPCHE YehiV)2 3k} 92 £ BPC1 721 BPCH=
z}z} HPC1 1283 HPCHE o]g43ld 8938 BPCE viehdic)

du A EE

M=ol 201 3 HPC2| #XISY i M. Figure 2o AE=Z 9 A9}
HPCn(n=2,3,5,8,9) 8] FT-IR AMET}E Jepic} Az o 9}
@] HPCnoll Yolds OH(3500 cm™ B9 573w 7ha
&kal CHs9F CH29) HIthd (2973~2985 cm ™) 3} 0] A (2876~
2882 cm ™) AFENE 181 F3WE(1456~1459, 1375~1379
em Dol 98 E547EE 27119t OE HPCns S8 FT—
R 29 EzE et

Figure 3 BPCn(n=1,3,5,9) % BPCHS] FT-IR ~HEzS
Vet HPC2L 28] 2E AlgE50] 9lolx] OH 3 #3E%)
%3 SAAEEY C=0(-0) (1734~1737 cm™) 9] A1ZR%] ¢
3 AE2- ¥3E0] BEHYYE e BPCnE 598 FT-IR A9
EetE vep. o3t AR 248 DE=3<] BPCn# BPCH7} &
BEREE & 5 Yk

Figure 49| HPCn(h=3~5,8,9) 9] '"H-NMR A#Ea}2 el
ok BEE AEE QoA slumA|zed 79 dde)] EAeh=
CHs®] °4:(1.2 ppm H-3D T80 3|=8AZ2E 155 9 AHG
Zoll EAsHE CHe9t CHE) 742(3~4 ppm -3 o) F)a5o] o2
=9ick e HPCnE 598 'H-NMR 3352 veRich 1.2 ppm

(@)

Transmittance(%)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber(cm™)

Figure 2. FT=IR spectra of (a) cellulose; (b) HPCZ; (c) HPCS;
(d) HPC5: (e) HPCS; (f) HPCO.
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Figure 3. FT-IR spectra of (a) BPC1; (b) BPC3; (¢) BPCS5;
(d) BPCY; (e) BPCH.

(b)

T e T

(c)
(d)
(e)
1 1 [ | [l [l 1 |
8 7 6 5 4 3 2 1 0

ppm
Figure 4. 'H-NMR spectra of (a) HPC3; (b) HPC4; (c) HPC5;
(d) HPCS8; (e) HPC9.
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Table 1. Preparative Coniditions and Molecular Characteristics of
HPCn*

Sample [NaOHI® [PO]°  Pressure® .

code [AHGI [AHG] (bar) MS 4
HPC1 3.24 10 45 2.3 210
HPC2 7.50 15 45 2.7 2.20¢
HPC3 0.80 6 10 34 237
HPC4 3.24 6 10 3.9 250¢
HPCS 0.80 20 5 45 258
HPCE" 0.80 20 10 49 262
HPC7* 0.80 20 30 54  2.65
HPC8 3.24 40 30 6.1 2.68
HPC9 0.80 55 30 6.7 271
HPCH' 41 241
HPC-SL! 358 240

“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/(AHG) unit.“Molar
ratio of PO/AHG unit. “Reaction pressure.‘By 'H-NMR measurement. By
YC—NMR measurement, fThe approximate value estimated by the
dotted curve as shown in Figure 6. "Data taken from referance 11.
Data taken from referance 37.
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Figure 5. '“C—NMR spectra of (a) HPC1; (b) HPC5; (c) HPCS;
(d) HPCY.
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Figure 7. Optical textures observed for HPC1, HPC4, HPC8 HPC9,
BPC1, BPC8, and BPC9 on slow cooling from the isotropic state:
(@) HPC1 at 150 C; (b) HPC4 at 80 C(focal—conic texture); (c)
sheared HPC4 (band texture) (the arrow indicates the shearing
direction); (d) HPC8 at 60 C(oily streak texture); () HPC9 at 40 C
(oily streak texture); (f) HPC9 at 60 C(oily streak texture); (g)
HPC9 at 80 C(fingerprint texture); (h) HPC9 at 100 C({fin—
gerprint texture); (i) BPC1 at 100 T (focal—conic texture); ()
BPC8 at room temperature (oliy streak texture); (k) BPC8 at
50 C(fingerprint texture); () BPC8 at 70 C (fingerprint texture);
(m) BPC9 at 40 T(oily streak texture); (n) BPC9 at 60 C(fin—
gerprint texture); (o) BPC9 at 70 C (fingerprint texture).
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Figure 8. DSC thermograms of (a) HPCn and HPCH; (b) BPCn

and BPCH.
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Table 2. Transition Temperatures(TC), Enthalpy Changes(J/g) in
Square Brackets of HPCn, HPCH, BPCn, and BPCH

Sample Heating Cooling

wle T 5 = T Appearance”
HPC1 4 205~220 210 ~125 2 solid
HPC2 200~217 208 ~122 -2 solid
HPC3 -5 195~210 203 ~120 -6 rubbery
HPC4 -6 191[1.72]° 183[1.41]° ~110 -8 rubbery
HPCS -8 176[1.85]° 173[1.55]° ~60 —11  rubbery

HPC6 -17 145(1.97]° 138[148]° ~25 —-19  sticky
HPC7  —27 138[222]° 131[143]1° ~15 -29  sticky

HPC8 -35 120~137 129 ~5 37  sticky
HPCO -38 117~130 123 ~5 —40  sticky
HPCH -2 196[2.59]° 1881252]° ~78 -5 solid
BPC1 —-37 128~143 132 ~b51  —40  rubbery
BPC3 -38 120~135 127 ~42 —41  rubbery
BPC5 -39 120~133 105 ~21 —43 sticky
BPC7 —-41 96~114 86 ~—9 -45 sticky
BPC8 -43 71~94 82 ~=17 -46  sticky
BPCY9 —-45  65~82 76 ~=20 —48  sticky
BPCH -39 118~131 124 ~37 —41  rubbery

“Glass transition temperature determind by DSC measurement.
*Cholesteric—to—isotropic liquid phase transition temperature determind
by polarization microscopy. “Isotropic liquid—to—cholesteric phase
transition temperature determined by polarization microscopy. “Chol—
esteric—to—solid phase transition temperature determind by polari—
zation microscopy. ‘By DSC measurement. /At room temperature.
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