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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 (\y’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 A, 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, (butoxypropyl) cellulose, degree of substitution and molar substitution,
temperature dependence of optical pitch.
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Figure 1. Schematic structures of HPC and BPC.
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Figure 2. FT—IR spectra of (a) cellulose; (b) HPCZ; (¢c) HPC3;
(d) HPC5; (e) HPCS; (f) HPC9.
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Figure 3. FT—IR spectra of (a) BPC1; (b) BPC3; (c) BPC5;
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Figure 4. "H—NMR spectra of (a) HPC3; (b) HPC4; (¢) HPC5;
(d) HPCS; (e) HPCO.
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Table 1. Preparative Coniditions and Molecular Characteristics of
HPCn*

Sample [NaOH]®  [POI°  Pressure’ MS DY

code [AHG] [AHG] (bar)

HPC1 3.24 10 45 2.3 210
HPC2 7.50 15 45 27  2.208
HPC3 0.80 6 10 3.4 237
HPC4 3.24 6 10 3.9 2.50°
HPC5 0.80 20 5 45 258
HPC6" 0.80 20 10 4.9 2.62
HPC7" 0.80 20 30 5.4  2.65
HPCS8 3.24 40 30 6.1 2.68
HPC9 0.80 55 30 6.7 2.71

HPCH’ 4.1 2.41

HPC-SL/ 3.58 2.40

“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
BC—NMR measurement. ¢The 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; (¢) HPCS;
(d) HPC9.
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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:
(a) 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); (e) 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 C (focal—conic texture); (j)
BPC8 at room temperature (oliy streak texture); (k) BPC8 at
50 C(fingerprint texture); (I) 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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HPCH, BPCn 2|31 BPCHE] #0253 A/ 4k Table 2

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

Sample Heating Cooling

code IR T T 77 IR 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

[ ]
HPC5 -8 176[1.85]° 173[1.55]° ~60 —11  rubbery
HPC6  —17 145[1.97]° 138[1.48]° ~25 -19 sticky
HPC7 —27 138[2.22]° 131[143]° ~15 —29 sticky

HPC8 =35 120~137 129 ~5 =37 sticky
HPCH =38 117~130 123 ~5 —40 sticky
HPCH -2 196[259]° 188[252]° ~78 -5 solid
BPC1  —-37 128~143 132 ~51 —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~%4 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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