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ABSTRACT

Chitin is the main source of Chitosan and is the second most
abundant biopolymers in nature after cellulose, a key component of the
external structure of insects and crustaceans such as lobsters, shrimp and
oysters. One of the most important properties of Chitosan is its non-
toxicity, biocompatibility and biodegradability.

Crosslinking is an appropriate and effective way to improve the
physical and chemical properties of Chitosan and to enhance its stability
in acidic solutions where glutaraldehyde is considered as the most
commonly used crosslinker for Chitosan.

Although crown ether has selective formation of complexes with
many metal ions, it is not considered successful ideal catalyst as it can't
be easily removed from the reactions in addition to its adverse impact on
the human being whereas crown ether-grafted Chitosan shows
microstructure and properties better than each of Chitosan and crown
ether. It helps the formation of complexes with palladium ions. Such
complexes are of high stability and selectivity and serve as a good
catalyst that can be retrieved and environmentally friendly.

The current work is aiming to modify Chitosan with different
organic compounds such as aldehydes and carboxylic acids to produce
different derivatives of Chitosan useful in isolation and separation of
metal ions through the formation of different complexes. Also, it is
aiming too modify Chitosan into derivatives of quaternary ammonium
salts through direct alkylation with different alkyl halide; dimethyl sulfate
or glycidyl trimethyl ammonium chloride to investigate the applicability
in the field of phase transfer catalysis.

The obtained products have been characterized with FT-IR and
NMR spectroscopy in addition to some chemical tests to prove the
formation of the different products and also to prove its ability to be used
as polymer-supported phase transfer catalysts.



SUMMARY

Title: Preparation of Some Chitosan Derivatives and

Studying their Application

Chitosan is considered a polysaccharide which is a vital natural
polymer. Chitosan is produced from chitin material which is the main
constituent of the outer skeleton of the insects and crustaceans. Chitosan
has attracted much importance and interest from scientists due to its
unique chemical and physical properties made it eligible for many
applications and production of different materials contributed to the
service of humanity. The current research aims at making some chemical
modifications of Chitosan leading to formation of various derivatives of it
and study the possibility of utilization in some applications. The thesis

includes three main chapters as follows:

Chapter I: Introduction:

This chapter aims to highlight the features of Chitosan to gain clear
and comprehensive information about this polymer through screening the
sources and chemical production of Chitosan and identification of its
chemical and structural form. It has been referred to some of its physical
properties such as solubility and crystalline forms of Chitosan. Some of
the characteristics and applications of Chitosan in several fields according

to those characteristics have been surveyed which includes but not limited



to the fields of biomedical and pharmaceutical industry, food industry and
preservation and agriculture in addition to being a useful component in
the manufacture of cosmetics and products for skin and hair care as well

as applications in the field of photography.

This chapter also includes the most important reactions of
Chitosan. Reactions of Chitosan with different aldehydes and organic
acids in addition to alkylation, acylation and graft polymerization
reactions useful in some important applications have been addressed.
Such critical applications include drug transfer control, sustained release
of drugs, gene transfer and surgical dressings in addition to its
applications as a adsorptive material has the ability to adsorb metal ions
and dyes, making it suitable for water treatment and analysis of metal

ions in the environment applications.

Moreover, some scientific background related to the phase transfer
catalysis (PTC) in the organic reactions, particularly the polymer
supported phase transfer catalysis has been addressed and the utilization
of Chitosan in PTC. At the end of this chapter, the main target of the

work has been addressed.



Chapter 11: Experimental Part:

This chapter includes the information about the type of Chitosan,
solvents and reagents that were used in experiments in addition to the
equipment and tools specifications. It contains the full description of all
experiments carried out to obtain the different derivatives of Chitosan
such as Schiff derivatives of Chitosan with different aldehydes, such as
benzaldehyde and salicylaldehyde in addition to the formation of
quaternary ammonium salt of Chitosan through the reaction with some
alkyl halides, with dimethyl sulfate, as well as with a glycidyltrimethyl
ammonium chloride followed by crosslinking reactions of Chitosan
derivatives by using glutaraldehyde as a crosslinking agent. The ability of
Chitosan derivatives to be used in some applications was investigated by

subjecting the derivatives of Chitosan to two types of applications:

First: The use of some Chitosan derivatives to isolate the ions of

heavy metals from their aqueous solutions.

Second: The use of Chitosan-supported quaternary ammonium salt as a
phase transfer catalyst in the Williamson reaction between alkyl
halides and phenolic compounds was also investigated. Also,
the impact of the type of the quaternary ammonium salt, the
relative concentration of the reacting materials, the reaction

temperature and time were investigated as factors affecting the



efficiency of the quaternary ammonium salt of Chitosan as a

phase transfer catalyst.

Chapter I11: Results and Discussion:

This chapter discusses the results obtained from experiments where
the obtained products are characterized using the suitable spectroscopic
methods in addition to some simple chemical tests to make sure of the
chemical modification of Chitosan. The obtained results showed that the
Chitosan derivatives have been formed in reasonable yields and showed
also the possibility of using the glutarladehyde-crosslinked Chitosan
derivatives resulting from the chemical modification with aldehydes and
phthalic acid in the isolation of heavy metal ions from their aqueous
solutions. In the current study, ions of copper , iron and acadmium have
been selected as models for heavy metal ions. Salicylaldehyde derivative
of Chitosan was the most effective derivative while benzaldehyde

derivative of Chitosan were less efficient in isolating ions of those metals.

On the other hand, the obtained results have been discussed in the
light of the use of Chitosan-supported quaternary ammonium salt as a
phase transfer catalyst (PTC) in the Williamson reaction between alkyl
halides and phenolic compounds. The results confirmed the possibility of
using the Chitosan-supported quaternary ammonium salts as insoluble

phase transfer catalyst which is not leading to contamination of the



reaction medium and can be detached from the reaction. The efficiency of
such Chitosan derivatives as phase transfer catalysts was less than that of
the common phase transfer catalysts however; it opens a new window to
overcome the problems existing in case of using the common catalysts
which dissolve in the reaction medium and can not be separated or easily
retrieved leading to contamination. At the end of the thesis were cited the
scientific literature and peer reviewed published work from which the
information were extracted. Such information enriched the current thesis

and helped to come out in its current form.
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