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Influence of degree of deacetylation on complex formation of chitosan from red rice prawn and polyacrylic acid
Shin-ichi NIMONIJI, Ryosuke MAEDA, Kazuki SUGIMURA and Yoshiyuki NISHIO

Abstract

Chitosan, poly (B-(1—4)-D-glucosamine) was purified from chitin, which was obtained from exoskeleton of red rice prawn, Metapenaeopsis
barbata by modified Hackman’s method. To create biomedical materials such as wound dressing, endothermic gel and scaffold materials for tissue
engineering, we attempted to conjugate of chitosan and other synthetic polymers. Polyacrylic acid (PAA, M,=2.5X10%) was applied to obtain the
composite materials with chitosan. The most important point of this work is control of degree of deacetylation (DD) of chitosan, and was controllable
from 24 to 95% by concentrated alkali treatment with changing both treatment time and temperature. The complex might form through cancellation of
carboxylic dimers of PAA in the solution, ionization of both carboxyl and amino groups having the opposite charges, and then complexation by
electrostatic interaction forming insoluble matter. The complex yields were investigated with DD at pH 3, and the maximum yields appeared at
30-40% of chitosan in feed or 0.15-0.25 of mixing ratio, and influence of DD was not appeared at the pH. It was considered that the effects of DD on
the complex yields were much weaker than that of the differences of ionization degree between each polymer, i.e. carboxylic acid of PAA and amino

group of chitosan ionized c.a. 10% and c.a. 100% at pH 3, respectively. So it’s very important to investigate for other pHs.
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Figure 1 Chemical structures of chitin(a) and chitosan(b).
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Figure 2 Chemical structures of PAA(a) and its sodium salts(b).
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Figure 3 Time-course of alkali treatment on DD of chitin.
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Figure 4 Photograph of when PAA solution was dropped into
chitosan solution.
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Figure 5 FT-IR spectra of chitosan/PAA complexes in different
DD of chitosan.
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Figure 6 FT-IR spectra of PAA per se and chitosan/PAA
complexes in different DD of chitosan ranging from 1800 to
1200 cm™ of wavenumber. All the complexes were obtained
from the mixed polymer solution prepared at the in-feed
chitosan composition of 50 wt%.
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Figure 7 Schematic representation of dimerization of carboxylic
groups in PAA.
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Figure 8 Schematic representation of mechanism of complex
formation.
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Table 1 Degree of ionization of carboxylic acid in PAA and
amino group in chitosan at pH 3, 4 and 5'V.

Degree of ionization

PAA (pK.=4.3) Chitosan (pK.=6.5)
pH 3 0.1 1.0
pH 4 0.2 0.95
pH 5 0.5 0.85
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Figure 9 Plots of the yield of complex-like precipitation vs.
chitosan composition.
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Figure 10 Plots of the yield of complex-like precipitation vs.
mixing ratio.
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Figure 11 Proposed representation of ladder-type complex
consisted of PAA and chitosan at pH 3.
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