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ABSTRACT
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Prof. Mitsuru Akashi, 48 pp ISBN 974-13-0723-3
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y-Ray irradiation was used to reduce molecular weight of chitin-
chitosan dispersed in water.  The irradiated chitosan changed from flake to
powder with the decrease in molecular weight for 70%. XRD patterns
clarified the increase of amorphous related to the dose of y-ray. The y-ray
irradiated chitosan was conjugated with stearylamine and glutaraldehyde by
reductive amination. The present reaction was unique in terms of carrying out
in dilute acetic acid solution under ambient temperature within few hours.
The hydrophobic chain was successfully introduced onto chitosan chain to
give y-ray irradiated chitosan-stearylamine-glutaraldehyde (ICGS) with the
methylene peak at 2922 cm'"lincreasing for 20%, analyzed by quantitative FT-
IR technique, as compared to that for unirradiated chitosan. The 1CGS
showed the hypochromic effect with the model drug, Chloramphenicol,
implying the interaction between ICGS and Chloramphenicol. The present
work demonstrates that when chitosan is modified with hydrophaobic chain, the
hydrophobic and/or hydrophilic interactions with drug molecules could be
induced which will be the practical approach for controlled release system.



(Chitin-Chitosan

Biomaterial: An Expectation for Controlled Release System modified from Molecular Level)

ISBN 974-13-0723-3

10
(Steraylamine)
(Reductive Amination)
glutaraldehyde (ICGS)

2922

Effect)
ICGS

(Prof. Mitsuru Akashi), 48

XRD

(Glutaraldehyde)

y-ray irradiated chitosan-stearylamine-
FT-IR
20
ICGS (Hypochromic
(Chloramphenicol)



ACKNOWLEDGEMENTS

The author would like to express the sincerest appreciation to her Thai
advisor, Asst. Prof. Suwabun Chirachanchai, who not only originated this
research work, giving intensive suggestions, continuous guidance, but also
vital help throughout this research work. She would like to give special
gratitude to her Japanese advisor, Prof. Mitsuru Akashi for recommendations
on the research.

She gratefully acknowledges all Professors and teachers who gave
valuable knowledge to her at the Petroleum and Petrochemical College,
Chulalongkom University. She would like to thank Seafresh Chitosan (Lah)
Company Limited, Thailand, for supporting chitin-chitosan starting materials.
She thanks the staffs of Office of Atomic Energy for Peace (OAEP),
especially Ms. Siriratana Biramontri, for her helps in the y-ray irradiation
process. She is deeply indebted to Professor Seiichi Tokura for his suggestion,
She would like to give the gratitude to the National Metal Materials
Technology Center (MTEC) for partially funding in this research.

She wishes to extend her thanks to her seniors, Ms. Rangrong Yoksan,
Ms. Dararat Mekkriengkrai, and Mr. Apirat Laobuthee for their helps, fruitful
discussions and suggestions. In addition, she also thanks the entire college
members and all her good friends at the Petroleum and Petrochemical College
for their helps and entertainment.

Last but not least, the sincerest gratitude is to her family for the love,
encouragement, understanding, and financial support.



CHAPTER
I

TABLE OF CONTENTS

Title Page

Abstract (in English)
Abstract (in Thai)
Acknowledgements
Table of Contents
List of Schemes

List of Tables

List of Figures

INTRODUCTION

LITERATURE SURVEY
2.1 Chemical Structure of Chitin-Chitosan and
|ts Attractive Properties
2.2 Basic Applications of Chitin-Chitosan
2.3 Advanced Applications of Chitin-Chitosan
2.4 Limitations of Chitin-Chitosan and the
Strategies to Overcome the Problems
2.5 y-Ray Irradiation of Chitin-Chitosan
2.6 Modifications of Chitin-Chitosan
2.6.1 Physical Modification
2.6.2 Chemical Modification
2.6.2.1 Chemical Modification at
V-Position

Vi

PAGE

10
10
i



CHAPTER

2.6.22 Chemical Modification at
0-Position
2.7 Concept of Polymer-Micelle
2.8 Hydrophobie Introduction at N- and
O-Positions
2.9 The Potential of the Present Work

[l EXPERIMENTAL
3.1 Materials
3.2 Instruments and Equipments
3.2.1 Fourier Transform Infrared
Spectroscopy (FT-IR)
3.2.2 Ultraviolet-Visible
Spectrophotometer (UV-Vis)
3.2.3 Thermal Gravimetric Analysis (TGA)
3.24 X-Ray Diffraction (XRD)
3.3 Procedures
3.3.1 Preparation of y-Ray Irradiated Chitosan
3.3.2 Determination of y-Ray Irradiation
Effects on Chitosan Properties
3.3.2.1 Molecular Weight
3.3.2.2 Chemical Structure

3.3.3 Preparation of y-Ray Irradiated Chitosan-

Glutaraldehyde- Stearylamine (ICGS)
3.3.4 Aggregation Study of y-Ray Irradiated

Chitosan-Glutaraldehyde-Stearylamine
(ICGS)

vil

PAGE

12
13

14
15

17
17
1

17

18
18
18
18
18

19
19
19

19

21



CHAPTER

V. RESULTS AND DISCUSSION
4.1 y-Ray Irradiation Effects on Chitosan Properties
4.1.1 Molecular Weight of y-Ray Irradiated
Chitosan
4.1.2  Chemical Structure of y-Ray
|rradiated Chitosan
4.1.3 Degree of Deacetylation of y-Ray
|rradiated Chitosan
4.1.4 Thermal Stability of y-Ray
|rradiated Chitosan
4.1.5 Morphology y-Ray Irradiated Chitosan
4.2 Preparation of y-Ray Irradiated Chitosan-
Glutaraldehyde-Stearylamine (ICGS)
4.2.1 Thermal Stability of ICGS
4.2.2 Morphology of ICGS
4.3 Aggregation Studies of ICGS

V. CONCLUSIONS
REFERENCES

CURRICULUM VITAE

VI

PAGE

22
22

22

24

28

28
30

32
3
36
37
41
42

48



LIST OF SCHEMES

SCHEME PAGE
1.1 Chemical structure of chitin-chitosan copolymer 1
2.1 Schematic chitosan based controlled release system by

2.2

31

3.2

4-1

4.2

43

(@) crosslinked polymer network, (b) interpenetrating
network, (c) ionic interpolymer complex, and (d) drug
entrapped chitosan bead 1
Schematic chitosan based controlled release system by
(@) polymer-drug direct conjugation and (b) polymer-

spacer-drug conjugation !
Preparation  of ~ y-ray irradiated  chitosan-
glutaraldehyde-stearylamine (ICGS) 20

Schematic draw of y-ray irradiated chitosan-
glutaraldehyde-stearylamine (ICGS) aggregated with

chloramphenicol 21
Degradation of amino group in y-ray irradiated
chitosan 22
Mechanisms of carbonyl and carboxyl formations of
y-ray irradiated chitosan 21

Schematic draw of y-ray effect on the morphology of
chitosan 32



LIST OF TABLES

TABLE PAGE

4.1 Intrinsic viscosity and molecular weight of chitosan 23
samples (70% DD and 90% DD) before and after y-
ray irradiation



LIST OF FIGURES

FIGURE

41

4.2

43

44

45

4.6

41

4.8

49

Molecular weight of chitosan samples before and after
y-ray irradiation, (a) 70% DD, and (b) 90% DD

FT-IR spectra of (a) chitosan samples (90% DD), and
after y-ray irradiation for (b) 20, (c) 40, (d) 60, and (g)
80 kGy

uv spectra of chitosan (90% DD) in 0.04 M acetic
acid solution, (a) before, and after y-ray irradiation for
(b) 20, (c) 40, (d) 60, and (e) 80 kGy

Absorbance ratio of amide 1 band and C-H stretching
band of chitosan in the case of, (a) 70% DD, and (b)
90% DD

TG/DTA of chitosan samples with 90% DD after y-
ray irradiation for 20 kGy

Degradation temperature of chitosan samples after
y-ray irradiation, (a) 70% DD,and (b) 90% DD

XRD patterns of chitosan samples (30% DD), (a)
before, and after y-ray irradiation for (b) 20, (c) 40, (d)
60, and (e) 80 kGy

FT-IR spectra of y-ray irradiated chitosan (90% DD at
y-ray irradiation for 20 kGy), (a) before, and (b) after
hydrophobic conjugation

Quantitative analysis of ICGS (90% DD) at various y-
ray amounts

Xl

PAGE

23

25

26

26

29

29

3l

23

34



FIGURE

4.10

411

412

4.13

4.14

TG/DTA of ICGS with 90% DD under the y-ray
irradiation at 20 kGy

Degradation temperature of y-ray irradiated chitosan,
(@) before, and (b) after hydrophobicconjugation
XRD patterns of y-ray irradiated chitosan (90% DD at
y-ray 80 kGy), (a) before, and (b) after hydrophobic
conjugation

uv spectra of (a) chloramphenicol in ethanol and (b)
ICGS (90% DD aty-ray 80 kGy) in 0.04 M acetic acid
solution

Absorbance at 274 nm for the mixture of
chloramphenicol with (a) y-ray irradiated chitosan
(90% DD, 80 kGy); -A- after mixing for 15 min, -0-
after mixing for 2 days, and (b) ICGS; -o- after
mixing for 15 min, and < - after mixing for 2days.

XIl

PAGE

3

36

37

38



	Cover (English)


	Accepted


	Abstract (English)


	Abstract (Thai)


	Acknowledgements


	Contents



