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Properly modified cellulose derivatives have chemical stability and biodegradability as does the natural cel-
lulose, and increasing attention has been paid to the cellulose derivatives as substitutes for the synthetic poly-
mers, because they have potential to be endowed with new physicochemical properties by modification with
various functional groups. Recently developed method to prepare regioselectively substituted cellulose deriva-
tives is expected to be applied to produce the ecological materials for the next generation. However, facile
methods to characterize cellulose derivatives are lacking, and the relationship between the physical properties
and the formation of hydrogen bonds of the derivatives is not clarified. This probably is the main reason why
only a few kinds of cellulose derivatives have commercial values.

This thesis is focused on three aims. The first aim is to establish a facile method to determine the distribution
of the substituents in regioselectively substituted O-methylcellulose (2,3MC-n: n = 1-3). The second concerns
with the effect of the formation of hydrogen bonds on gelation of 2,3MC-n and commercially available O-
methylcellulose (R-MC) in two-components solvent systems. The third is the preparation of two kinds of
cotton fabrics by randomly and low degree substitution of functional groups which have potential to widen

application of cellulose derivatives.




Chapter 2 is devoted to the establishment of a new convenient method to determine the distribution of methyl
groups in 2,3MC-n on anhydroglucose unit using solution 1H-NMR analysis. The determination was based on
the assignment of the signals of each proton, which directly attached to the glucopyranose ring carbon for
2,3MC-n samples observed in D20. The results of the new method were in agreement with those based on the
gas-chromatographic analysis. This method can also be applied to the measurements of the distribution of
methyl groups for R-MC.

Chapter 3 describes the effect of the formation of hydrogen bonds and the distribution of methy! groups on
gelation using 2,3MC-n and R-MC. 2,3MC-n and R-MC behaved differently in forming gel and the DSC ther-
mograms on heating. The formation of hydrogen bonds with each water molecule in the sample solution has
been revealed by the curve fitting of OH stretching region of water molecules in the near IR spectra, which were
composed of water species S0, S1, and S2. The presence of intermolecular hydrogen bonds between samples
and water molecule was observed. The gelation of O-methylcellulose was attributed to the hydrophobic interac-
tions and also to the hydrogen bonds which depended on the amount of hydroxyl groups at C(6) position.

Chapter 4 describes the effect of dimethyl sulfoxide (Me2SO) /water composition on gelation behavior of
2,3MC-n and R-MC investigated by NIR. All the 2,3MC-n series and R-MC samples were observed that the
gelation occurred at room temperature in Me2SO/water (70/30 (wt/wt%) ) system, while all the samples re-
mained as a sol in Me2SO. On the other hand, some of them showed a gelation upon heating in water. These
gelation behaviors can be correlated to the change in the areas of SO, S1 and S2 of OH band in the solutions.
When Me2SO/water composition was between 90/10 and 80/20, Me2SO interacts poorly with Me2SO or water,
this suggests the presence of intermolecular hydrogen bonds between the samples and water. The strong inter-
action between Me2SO and water molecules causes the reduction of the interaction of the sample with either
Me2SO0 or water when Me2SO/water composition was between 70/30 and 50/50.

In Chapter 5, the preparation of three kinds of water-repellent cotton fabrics, A, B, and C, is described.
Sample A was prepared by alkylation through acetylation without mercerization, Sample B, by direct alkylation
after mercerization, and Sample C, by alkylation by means of allylation and bromination. Water repellency of
the treated samples was similar to that of cotton fabric treated with Scotch-Gard®, however water repellency of
the samples did not fade out through twenty launderings in contrast to that treated with Scotch-Gard®. Durabil-
ity of water-repellency after repeated launderings depended on the fabric construction. These samples retained
a fabric hand, water-vapor permeability, and biodegradability similar to those of untreated cellulose fabric.

Chapter 6 is described successful preparation of durable flame retardant cotton fabric by partial
orthophosphorylation and pyrophosphorylation, followed by metal-complexation. Metal content, the residue
after thermal degradation, and flame retardancy depended on total phosphorus content. Pyrophosphorylated
cotton fabric treated with Ni%* had an LOI (limited oxygen index) value of 28, which was comparable to that
obtained by the resin finishes of cotton fabric with an organophosphorus compound. Flame retardment, tensile

strength and elongation of the treated fabrics did not decrease after launderings. The pyrophosphorylated sample



had a tensile strength, elongation, fabric hand and biodegradability similar to those of untreated fabrics.

In Chapter 7, conclusions of this study are briefly summarized. Future directions for the study are also indi-
cated.

The results presented in this thesis will open new application in the field of cellulose science and industry, as

well as in the other fields of polysaccharide sciences.
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