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Abstrasct

Chitosan is one of the most interesting natural polymers, in addition to its

biodegradability it shows wide biological properties such as antifibrolastic and

antimicrobial activities, which verify its biomedical application. Novel Acrylic

acid/Chitosan hydrogel was prepared by means of v-irradiation as a clean source

for initiation, and crosslinking. The nature of the AAc/CS gel and the effect of the

presence of chitosan on the behavior of AAc were characterized. The effect of pH

on the degree of swelling of different gels and time course swelling studies show

the effect of presence of chitosan and its molecular weight on the swelling of the

gels. DSC and TGA were used to study the effect of the presence of chitosan on

the thermal behavior of PAAc. It was found that chitosan change thermal behavior

of AAc. These results support our assumption for the formation of crosslinking

between PAAc and CS chains via polyelctrolyte complex formation, attributed to

the high affinity between CS and AAc, accompanied by homopolymerization and

self-bridging. This crosslinking increase with CS molecular weight increasing and

affect the thermal behavior of PAAc.
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Introduction

Chitosan (CS), which is produced by alkaline deacetylation of chitin, is

soluble in water only at low pH owing to the protonation of amino groups. It is

known that CS forms polyelectrolyte complexes with a weak acid such as

poly(acrylic acid) through electrostatic attraction. As one example, such a

polyelectrolyte complex is applicable to responsible biopolymer materials as

interpenetrating polymer networks because of its unique feature of relative

independence ^\ In pervious attempts, copolymerization of AAc and CS takes

place by chemical method or by blending through different mechanisms; the

amidation between the free carboxylic groups and the amino groups in CS, the

intercomplexation of AAc and CS or polymerization of AAc in the presence of CS

obtaining interpenetrating network of PAAc and CS *2 ~ 4\ Radiation-chemistry

has become one of the effective methods for preparation of synthetic biopolymers
(5). Recent studies also showed the importance of water as a solvent in the

radiation processes. The radiolysis of water produces active species such as H °,

OH " and e , these active species assist chain polymers to be crosslmked and/or

self-bridged. The principal advantage of this method is free from toxic impurities

such as polymerization catalyst and cross-linking agent and also involves a

radiation-induced sterilization effect.

We studied the synthesis and its characteristics of a series of

multifunctional biomedical materials by the simultaneously occurring reactions of

radiation-induced polymerization and self-bridging in aqueous solutions without

any initiator and cross-linking agent(6). In this study, we synthesized a novel CS

crosslinked AAc gel by radiation processing in combination with complexization

of the polymers, and will report the preliminary.

EXPRERIMENTAL

Materials

Chitosan (CS) of molecular weights, 10, 100, and 1000 from Wako

(Japan), Acrylic acid, (AAc), and Acetic acid, 99.7, Cica-reagent, Kanto chemical

co. (Japan), buffer solutions of pH range 3-8. All chemicals were used as received

without further purification.
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Preparation of Chitosan/Acrylic acid Gels

CS/AAc gels were obtained by radiation induced copolymerization of

mixture of CS (0.02 g) and AAc (0.8 and 0.4 ml) in 2ml of distilled water using y-

rays from 60Co source at dose rate 10 k Gy/h at 0°C for 3 hours. All samples were

washed in excess 2% acetic acid aqueous solution to remove the unreacted

component then freeze-dried.

Differential Scanning Calorimetry (DSC)

A Perkin-Elmer DSC-7 was used to measure the phase transition of water

in CS/AAc gels. DSC curves were obtained in the temperature range from 30 to

300 °C and scanning rate was 5°C min"1. Sample weights were 6-10 mg.

Results and Discussion

It is well known that during the polymeriztion of CS as polysaccharide

and AAc as vinyl acid by chemical methods or by blending. Quantities of

copolymers can be formed by two different mechanisms; the amidation between

the free carboxylic groups of AAc and the amine groups of CS which provide the

grafting of PAAc chains onto CS macromolecules, copolycondisation. The

intercomplexation of CS and AAc or polymerization of AAc in the presence of CS

obtaining interpenetrating network of PAAc and CS ^ . But on using radiation, the

case is completely different. Gel/sol fraction test shows that the degree of

conversion is almost 100% which means that CS is perfectly included in the gel

and that was confirmed by determining the N2 content in the gel which is

corresponding to the amount of CS in the gel.

Fig. (1) shows the effect of pH on the swelling degree of AAc/Cs gel

having CS of the same molecular weight, 10, and different content of AAc

compared with that of pure poly (AAc). Figure shows that the presence of Cs in

the same AAc concentration dramatically decrease its swelling degree from 80 to

30. In the same time reducing the AAc concentration increase the swelling degree

once more. The motive force in both cases might be the degree of crosslinking,

which increased by the existence of CS leading to that dramatic decrease in the
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swelling. Degree of crosslinking also decreases by reducing the AAc

concentration, which allow the swelling of the gel but lower than that of pure

AAc.

The effect of CS molecular on the swelling of AAc/CS gel was also

investigated. Fig. (2) shows that the increasing in CS molecular weight reducing

the swelling degree of the gel. This also may be attributed to the degree of

crosslinking achieved by increasing the CS molecular weight.

DSC is used to get some information about the structure by attributing the

observed peak to specific physical or chemical processes. Figure (3) shows the

DSC thermograms of freeze dried CS/AAc after swelling in buffer solutions of pH

3 and 7 compared with that of PAAc swollen in pH 7. As shown, the three

thermograms show peaks in the range 125-145°C, both PAAc at pH 7 and

AAc/CS gel at pH 3 show peaks in the range 240-25Q°C and this peak is

completely absent in case of the gel at pH 7.

The endothermic peak observed in the range 125-145°C attributed to the

liberation of moisture whereas that peaks around in the range 240-250°C may due

to intermolecular dehydration reaction forming cyclic anhydride structure. This

peak, in the range 240-250°C, is completely absent in case of the gel swollen in

pH 7(8\ These results show that both gel in the collapsed state, at pH 3, and PAAc

even in swollen state, at pH 7, show almost the same thermal behavior. This

behavior changed as soon as the gel swollen in pH 7 giving the chance to chitosan

to participate freely in network structure. This change, decomposition without

intermolecular dehydration reaction, may due to structural change in the network

due to the presence of CS, this structural change is so-called "scrambled egg"

structure which sterically hinders the reaction between adjacent COO (9). These

results were also confirmed by studying the TGA traces of the AAc/CS gel

swollen in pH 3 and 7 in compared with that of PAAc in pH 3 and 7 and pure

chitosan. AAc/CS gel and PAAc swollen in pH 3 almost have the same TGA trace

showing weight loss stage in the range less than 180°C results from evolution of

water associated with the gel. High weight loss at 200°C corresponding to

intramolecular and intermolecular dehydration forming anhydride ring structure

then decarboxylation at temperature range over 250°C and finally back bone

degradation at temperature above 350°C. On the other hand, when on comparing
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the TGA trace of AAc/CS gel swollen in pH 7 and that of PAAc in the same

conditions. It was observed that there is a clear change between these two traces.

The PAAc trace looks similar to that of PAAc in pH 3 and AAc/CS gel in pH 3.

The high weight loss in the first stage may due to higher humid absorbed by the

gel whereas that of the gel show no sharp weight loss which confirm the results

obtained from DSC analysis.

Conclusion

According to these results we can assume that there a high affinity

between AAc and CS as a direct result of polyelectrolyte complex between

COOH of AAc and NH2 of CS. On radiation, homopolymerization of AAc takes

place, parallely, the active species produced from the radiolysis of water assist

PAAc self-bridging and crosslinking with CS chain or sigment might be produced

due to the chain scission. The following schematic diagram, Fig (4), shows the

estimated mechanism of AAc/CS gelation.
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Figure 1. The pH dependence of equilibrium swelling as a function of AAc concentration for CS10
modified gels obtained with a dose of 30 kGy at 0°C.
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Figure 2. Time-course of swelling ratio swollen at pH 7.0 and 37°C for AAc gels crosslinked with
different molecular weight CS chains. The CS modified gels were obtained by irradiating up to 30 kGy
at 0°C using a mixture of 0.02 g of CS, 0.8 ml of AAc, and 1.2 ml of water.
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Figure 3. DSC profiles of (a) pure poly(AAc) gel lyophilized after swollen at pH 7.0 and CS10
modified gels lyophilized after swollen at (b) pH 7.0 and (c) pH 3.0.
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Figure 4. Proposed model for illustrating the simultaneously occurring process of radiation-induced
polymerization and self-bridging of AAc in aqueous solutions, followed by a formation of crosslinked
networks between the poly(AAc) chains and the CS chains according to a strong chemical affinity
between the NH2 groups (CS) and the COOH groups (AAc).
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