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Abstract--The kinetic study of the photopoly-
merisation of gels of acrylic acid (AA) and chitosan 
(CHI) prepared by three different methods was 
accomplished. The kinetic parameters such as con-
version and polymerisation rate were determined. 
The influence of the composition and the prepar-
ation method on these parameters was elucidated. 
The effect of the mixing order on the formation of 
chitosan-acrylic acid complexes (CHI+AA -) was 
determined by measuring the viscosity of non-poly-
merised gels. The presence of polyacrylic acid (PAA) 
grafted on to a CHI matri x after photopolyme-
risation and the influence of the method of 
preparation and feed composition on the proporti on 
of CHI-PAA interpolymer network were demonstra-
ted by FTIR spectroscopy. The possible mechanism 
of the graft copolymerisation is discussed in detail. 

Keywords��acrylic acid, chitosan, interpolymer 
complexes, gels, photopolymerisation 

I. INTRODUCTION 
The preparation of hydrogels based on the intimate 
mixture of natural or synthetic macromolecules and 
polymer chains formed by polymerisation reaction in 
the presence of the macromolecular template has recei-
ved increasingly growing attention in the past few 
decades (Hoffman, 2002; Wang et al., 1997). The 
macromolecular components of these hydrogels gene-
rally possess the capacity for forming between them-
selves the interpolymer complexes through electrostatic 
interactions, hydrogen bonds and Van der Waals forces, 
etc. Among the synthetic vinyl-like monomers the 
acrylates, acrylamides and acrylonitriles are the most 
widely used in these systems. These structures are 
capable of interacting with amine and hydroxyl groups 
of some polysaccharides to form corresponding 
complexes which can be polymerised by a free radical 
route (Gallardo et al., 2005; Peniche et al., 1999). 

In the family of natural polymers, chitosan, CHI, is 
one of the most extensively employed for this purpose. 
It is worth mentioning that CHI itself has attracted great 
interest in medicine and pharmacy because of its 
biodegradability, biocompatibility and the wide range of 
positive biological responses and activities reported. It 
has been used in or proposed for the production of drug 
delivery devices, cell encapsulation (Peniche et al., 

2003), as a wound healing agent, in adhesive formu-
lation for surgical applications (Gallardo et al., 2005), in 
ophthalmology and dentistry (Xu et al., 2002),

  
etc. 

It is also fungi- and bacteriostatic. In addition, this 
highly basic polysaccharide displays a number of 
ionisable primary amino groups which are readily 
available for chemical reaction and salt formation with 
acids including synthetic anionic monomers and macro-
molecules [interpenetrating networks (IPN), polyelec-
trolyte complexes, graft copolymers, blends and others]. 
The complex CHI-polyacrylic acid (PAA) is one of the 
most studied (Ahn et al., 2001; Torre et al., 2003a;  
2003b) . This type of hybrid system can be obtained by 
mixing polymeric aqueous solutions (Wang et al., 1997)

 

but also by the so-called template polymerisation, which 
involves the polymerisation of the anionic monomer 
(acrylic acid) in the presence of chitosan. Cross-linking 
of these complexes with glutaraldehyde or by thermal 
treatment gives rise to a complex/semi-IPN structure 
(Wang et al., 1997)

 
by amide formation. 

There are some reports of the use of chitosan/PAA-
based matrices obtained by template polymerization

 
for 

mucosal delivery systems and as drug carriers (Hu et 
al., 2002). In our laboratory we have prepared chitosan/ 
PAA matrices by template polymerization at low 
temperature by taking advantage of activation of the 
decomposition of the initiator by chitosan (Peniche et 
al., 1999). It was also found that during polymerization 
under these mild conditions some grafting of poly-
acrylic acid (PAA) chains on to chitosan molecules was 
produced, giving rise to weakly crosslinked hydrogels 
after neutralization. These hydrogels exhibited water 
uptakes as high as 560 g of water per g of dry sample. 

It is important to stress, that the majority of CHI/ 
PAA interpenetrating systems were produced by 
initiation of template polymerisation through thermal 
(Ahn et al., 2001; Kurita et al., 1993) or red-ox 
(Argüelles and Peniche, 1993; Borzacchielo et al., 2001; 
Kurita et al., 1991) routes, there being few reports about 
the possibility of photochemical initiation for these 
systems. However, it is well known that photochemical 
polymerisation techniques possess an important 
advantage, such as the unlimited and controlled manipu-
lation time which makes the photo-cured system very 
attractive for several medical applications (Davidenko et 
al., 2003; Davidenko et al., 2005; Lindén, 1993). 
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For this reason the objective of the current work has 
been to study the kinetics of this novel procedure of 
preparation of macromolecular hydrogels based on the 
intimate mixture of natural polysaccharide (CHI) and 
PAA chains formed by radical photopolymerisation of 
AA in the presence of the mentioned macromolecular 
template. This study involves the determination of some 
kinetic parameters such as double bond conversion and 
polymerisation rates at different reaction times. In 
addition, in order to determine the suitability of these 
systems as potential biomaterials the influence of the 
feed mixture composition and the preparation procedure 
for these gels on the formation of polyelectrolyte 
complexes and IPN were clarified. 

II. E XPERIMENTAL 

A. Materi als 
Chitosan [Deacetylation Degree (D.D.)=79.9% determi-
ned by 1H-NMR, Mv=2x105] was obtained from shells 
of lobsters (Panuli rus argus) as described elsewhere 
(Argüelles and Peniche, 1988). For their purification the 
Chitosan flakes were dissolved in aqueous acetic acid (1 
wt.-%), filtered and precipitated with aqueous NaOH 
(40 wt.-%). The precipitated gel was washed several 
times with water and vacuum dried in a desiccator. The 
white chitosan foam was ground to obtain a powdered 
material with grain size in the range of 50-200 Pm. The 
material thus obtained was stored in a closed flask until 
required. 

Acrylic acid (MERCK) and Camphorquinone (CQ) 
(Aldrich) were used without further purification. 4-
Dimethylaminobenzyl alcohol was synthesized as 
described elsewhere (Elvira et al., 1996) and used as co-
initiator. 

B. Preparation of gels  
The gels of AA and CHI were prepared by the methods 
described schematically in Fig. 1. In method I a fixed 
volume of distilled water was added to a measured 
quantity of CHI and this mixture was allowed to rest for 
about 10 minutes, so that the swelling of CHI was com-
pleted. The quantity of water added was equal to the 
volume of AA to be added later.  1% by weights of both 
CQ and DMOH as initiation system were firstly added 
to the monomer AA. 

In method II the order of addition of AA and water 
was varied, that is to say, firstly the CHI and the AA 
(containing initiation system) were mixed and then the 
water was added to this mixture. 

In method III firstly the AA (containing the initia-
tion system) was diluted in water and later a predeter-
mined quantity of CHI was added to this solution. 

Independent of the method of preparation, these gels 
were left in the dark to rest for 24 hours before use to 
ensure that equilibrium between AA and CHI interac-
tion was achieved. By measurement of pH it was 
previously shown that equilibrium was reached three 
hours after preparation. The compositions of the 
prepared gels are shown in Table 1. The ratio AA:H2O 
was constant and equal to 50:50. 

Table 1. Composition of gels. 
% CHI [AA] (mol/L) [CQ] (mol/L) 

10 6.58 0.0280 
15 6.37 0.0275 
20 6.17 0.0265 
25 5.95 0.0260 

C. Photopolymerisation kinetics  
The photopolymerisation kinetics were monitored by 
differential scanning photocalorimetry. The experimen-
tal system used in this work consisted of a conventional 
Perkin-Elmer DSC-7 differential calorime-ter suitably 
modified to permit irradiation of the samples within the 
calorimeter chamber. A detailed description of this 
system is found in previous publications (Davidenko et 
al., 1996; Mateo et al., 1992). In our current work we 
used Schott KL-1500 as a light source which allows the 
direct regulation of the light intensity in graduated 
stages by means of a brightness control. Installation of 
neutral filters in the filter holder, or on the focusing 
attachment of the instrument, extends the range of 
intensity control. In order to avoid the heating effect of 
the photocuring source and to isolate the 470 nm 
wavelength, a solid heat filter (Schott KG-1) and a 470 
violet filter (Schott VG-9) were placed into the filter 
holder. 

The DSC calibration, data processing, determination 
of incident and absorbed light intensity, as well as 
complementary details, have been described elsewhere 
(Davidenko et al., 1996; Mateo et al., 1992). All 
polymerisations were carried out at a temperature of 
37ºC, being similar to that of the human body.  Sample 
quantities between 5 and 7 mg were placed on the base 
of the 6.5mm diameter aluminium DSC pan fitted with a 
transparent PMMA cover so as to avoid the vaporization 
of the reaction mixture. The incident light intensity (Io) 
was maintained constant and equal to 0.26 mcal/sec. 

The rate of polymerisation (mol/L.s) was calculated 
from the heat flow and the sample mass of AA, while 
the enthalpy of polymerization was assumed to be 13.6 
kcal/mol for each acrylate group (Cook, 1992; Daviden-
ko et al., 2005).  

All values reported for the kinetic parameters 
correspond to the average of at least three 
measurements, with a maximum relative error of 3 %. 

D. Viscometry  
The measurements of non-polymerised gels were 
carried out in a Brookfield viscometer at a temperature 
of 250C using an appropriate spindle. Previously the 
calibration of this equipment was made using glycerine 
of known viscosity. All the values of viscosity were 
taken 2 minutes after commencement of the 
measurement and the reported value corresponded to the 
average of at least three measurements with the error of 
about 3%. 

E. FTIR spectra  
In order to determine the FTIR spectra of completely 
polymerised gel films, a more powerful commercial 
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source of irradiation was used.  The films of 1mm 
thickness were irradiated for 3 min. with a UV-Visible 
Visilux 2, 3M lamp. The incident light intensity was 
3mcal/s approximately. The polymerised films obtained 
were swollen in distilled water at 370C for 24 hours to 
remove any soluble material. During this time the water 
was changed periodically. Afterwards the films were 
dried at 250C under vacuum to constant weight. 

In order to extract the non-grafted and soluble PAA 
the films were washed in an alkaline medium (NaOH, 5 
wt.-% in water) for 3 days at room temperature and 
afterwards thoroughly washed with distilled water and 
dried under vacuum to constant weight. 

Samples of 1 mg were finely ground with thorough-
ly dried KBr and discs were prepared by compression 
under vacuum. FTIR spectra were recorded on a Nicolet 
520 spectrometer. Spectra were taken with a resolution 
of 2 cm-1 and were averaged over 32 scans. 

III. RES ULTS AND DISCUSSION 

A. Kinetics of photopolymerisation 
A comparative kinetic study of the photopolymerisation 
of the gels prepared by the three methods (gels I, II and 
III), was carried out with the objective of determining 

the influence of the CHI content and of the preparation 
method on the selected kinetic parameters. 

In order to achieve a correct rate comparison, acco-
unt was taken of the fact that while varying the content 
of CHI, the concentrations of both the monomer and the 
initiation system (CQ-amine) would also vary slightly. 

The rates of polymerisation were therefore 
normalized for the concentrations of the standard 
monomer (6.58 mol/L) and for the initiation system 
(0.028 mol/L). 

As an example, the kinetic curves obtained for gels 
II with different CHI content are shown in Fig. 2, these 
curves being similar to those obtained for the gels 
prepared by the other two methods. The profiles 
displayed suggest that in these systems the classical 
effect of auto-acceleration is not present, possibly due to 
dilution of the monomer. 
 The corresponding rates of polymerisation 
were calculated by a linear least-squares fit of the steady 
state regions of the curves of conversion vs time, where 
good correlation coefficients (between 0.9995 and 
0.9999) were observed. The values of initial 
polymerisation rates (Rp´) are shown in Table 2. Results 
were normalized to [AA] = 6.58 mol/L and [CQ] = 
0.028 mol/L. 

 

Fig. 1. Gel preparation methods. 
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Fig. 2. Kinetic curves of polymerisation of gels prepared by 
method II. The corresponding chitosan contents (in wt.-%) 
are: (|), 10; (�), 15; (¡), 20; (i), 25. 

Table 2. Comparison of the initial rate of polymerisation Rṕ  
of gels prepared by different methods.  

Rp´ (mol/Ls) 102 CHI 
wt.-% Method I Method II Method III 

10 1.71 r 0.02 2.01 r 0.02 1.61r 0.02 
15 1.86 r 0.02 2.10 r 0.03 1.71r 0.02 
20 2.24 r 0.03 2.40 r 0.03 1.84r 0.02 
25 2.34 r 0.04 2.58 r 0.04 2.15r 0.02 

It can be observed that increasing the CHI content 
leads to increase in Rp´ for all preparation methods, the-
se values being greater for gels obtained by method II. 

Table 3 shows the results obtained for the rate of 
polymerization in the time interval ranging from 2 to 5 
minutes irradiation time (Rp´´). It is noticeable that in 
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all the cases studied the increase in CHI content leads to 
the diminution of rate (Rp´´), possibly due to the 
vitrification of the reaction media at conversions above 
20% which can cause a decrease of the propagation 
constant of the process of polymerization, kp. By 
comparing the rates Rp´´ for these different preparation 
methods, it can be observed that the greatest values are 
reached for the gels obtained by the method II.  

On the other hand, the degree of conversion calcula-
ted after 4 minutes irradiation (Table 4) also shows 
higher values for gels II while for all methods a decreas-
ing trend is observed with the increase of CHI content. 

To explain these results it is necessary to consider 
the influence of the method of preparation and the CHI 
content on the characteristics of these systems such as 
viscosity and strength of interactions between the main 
components, CHI and AA, which lead to the formation 
of the interpolymeric complex. 

B. Viscosity of non-polymerised gels 
It is evident that the viscosity of a system should strong-
ly influence the kinetic parameters of the process of 
polymerisation, since it is clear that with the increase of 
viscosity the mobility of the macro-radicals diminish, 
which, in turn, affects the constant of termination, kt. 
This leads to an increase of kp/kt

1/2 ratio and, conse-
quently, to an increase in the rate of polymerisation. 

On the other hand, at high conversions the opposite 
effect can take place due to the vitrification of the 
reaction media. This would affect the propagation 
constant, kp, and, as a consequence, diminish the rate of 
the polymerisation process. 

The results obtained in the measurement of viscosity 
of non-polymerised gels are presented in Table 5. 

Table 3. Results obtained in determination of Rp´´. 
Rp´´ (mol/Ls) 103 CHI 

wt.-% Method I Method II Method III 
10 5.6 r 0.1 12.8 r 0.3 6.6 r 0.2 
15 4.6 r 0.1 11.7 r 0.3 5.8 r 0.2 
20 3.4 r 0.2 9.3  r 0.3 5.6 r 0.2 
25 2.9 r 0.2 8.2  r 0.4 5.3 r 0.2 

Table 4. Degree of conversion (DC, %) after 4 minutes 
irradiation. 

DC (average) (%) CHI wt.-
% Method I Method II Method III 
10 27 r 2 41 r 3 31 r 1 
15 27 r 2 36 r 2 27 r 1 
20 25 r 2 37 r 3 25 r 2 
25 22 r 3 35 r 2 23 r 2 

Table 5- Viscosity of gels with different CHI contents. 

Viscosity (cP) CHI wt.-
% Method I Method II Method III 
5 9 100 21 600 3 600 
10 34 660 70 000 10 133 
15 405 000 - 46 333 
20 - - 106 666 
25 - - - 

(-) Values of viscosity exceed the upper limits of the technique 
used. 

 As may be observed, the increase of only 5 wt.-% in 
CHI content results in an abrupt increase in the viscosity 
of the system, leading to differences of more than an 
order of magnitude, gels II  being much more viscous in 
comparison with those prepared by the other methods. 
To explain these differences we presumed that in 
method II, where the main components of this system 
(AA and CHI)  come into direct contact, the interactions 
between the NH3

+ groups of CHI and the carboxyl 
groups of AA are favoured, leading to a increased 
formation of a polyelectrolyte complex (Gallardo et al., 
2005; Peniche et al., 2003; Peniche et al., 1999).  

C. FTIR study of the structure of the polymerised 
gels  
As mentioned previously, the differences in the CHI 
content and in the methods of gel preparation can 
influence both the interactions between AA and CHI 
and the ultimate formation of grafting PAA on to the 
CHI polymeric matrix. To clarify this question an FTIR 
study of photopolymerised gels obtained by different 
methods was carried out. 

Figure 3 shows the IR spectra of CHI (a), PAA (c) 
and polymerised gel (b) prepared by method II with 25 
wt.-% CHI after having been washed thoroughly to 
extract non-reacted AA and free (non-grafted and 
soluble) PAA. The spectra of the other polymerised gels 
are qualitatively similar to that of (b) but are not shown 
for the sake of simplicity. In all of these spectra the 
bands at 1553 cm-1 (asymmetrical vibrations of carboxyl 
anion -COO-) and 1405 cm-1 (symmetrical -COO- 

stretching) are observed, revealing the presence of this 
anion in the structure of the copolymer obtained. 

On the other hand, the bands at 1720 cm-1, corres-
ponding to the carbonyl group (-COOH) of the free 
polyacrylic acid (PAA), and at 1082 and 1030 cm-1, 
characteristic of the CHI saccharide structure (Peniche 
et al., 1999), are present, which indicate that grafting 
copolymerization of PAA on to the CHI matrix has 
taken place. 
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Fig. 3. Infrared spectra in the region 1000-2000 cm-1·for 
chitosan (a), poliacrylic acid (c) and (b) the gel obtained by 
method II.  
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As only free PAA and that grafted to the CHI matrix 
can contribute to the intensity of the band at 1720 cm-1 
this band may be used to indicate the proportion of PAA 
in the gel sample. The presence of -COO- anion 
provides evidence of the existence of a polyelectrolyte 
complex (CHI+-PAA) formed by interaction of amino 
groups of CHI with the carboxylic group of PAA 
(Peniche et al., 2003; Peniche et al., 1999). 

The band at 1082 cm-1 is characteristic of skeletal 
vibration of CHI and should increase in intensity with 
the increase of CHI content in the gel. Therefore, the 
ratio A1720/A1082 allows the relative quantity of chitosan 
in the polymerised gels to be evaluated (Peniche et al., 
1998). In the results shown in Fig. 4, it can be seen that, 
with the increase in CHI content of the feed, the value 
of the ratio A1720/A1082 is diminished for the polymerised 
gels prepared by the three methods. This tendency is 
linear in the composition interval studied. 

When comparing preparation methods it can be seen 
that for the gels obtained by method II this ratio is lower 
than for other methods, indicating that the quantity of 
grafted PAA is smaller. 

It has already been established that during the 
polymerization reaction of the complex monomer-
chitosan system, variable quantities of graft copolymers 
can be formed by two different mechanisms (Argüelles 
and Peniche, 1988; Elvira et al., 1996; Hirano et al., 
1990; Peniche et al., 1999). 
1. The amidation between the free carboxylic group of 

the acrylic acid (COO— ) and the amine functions of 
the chitosan, which provide the grafting of the 
polyacrylic chains on to the chitosan 
macromolecules: 

OHCONHNHCOO 23 ���o��� ��  

2. Transfer reaction of the growing polymeric radicals 
with both the -NH2 and -OH functional groups of the 
pyran chitosan rings 

PAA
H
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C O O H
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Fig. 4. Variation of A1720/A1082 with CHI content:  (|) Method 
I; (x) Method II; (v) Method III. 

These two mechanisms can explain the three-
dimensional network structure of these complex systems 
after the polymerisation reaction. 

There is also, however, the possibility of grafting the 
PAA chain into the CHI skeleton by means of the 
initiation of polymerisation of the AA with the amino-
radicals obtained from CHI. The formation of this type 
of radical during the decomposition of charge transfer 
complexes, formed between the amine groups of CHI 
and certain electron acceptors, has been reported in 
another work (Yazdani-Pedram et al., 2000). 

In the case of photoinitiation it has been 
demonstrated that CHI can photo-reduce the CQ and 
form the corresponding exiplex between excited CQ and 
CHI whose decomposition gives rise to the amino 
radicals which, in turn, can initiate the process of 
polymerisation of the AA. In this way the PAA chains 
can be linked to the CHI matrix forming semi-
interpenetrating copolymer system: 

CHI HN + CH2 C
H

COOH CHI
H
N

H2
C CH

COOH 

If the formation of grafting occurs for mechanism 1, 
that is to say, through interaction of the ionic groups 
COO - and NH3

+ the copolymers obtained from more 
viscous gels (method 2) should have a greater quantity 
of grafted PAA since in this system (with more 
electrostatic interaction) this type of ionic bonding 
between AA and CHI should be favoured in comparison 
to the others methods of preparation. However, the 
results obtained from the IR study of polymerised gels 
contradict this supposition by showing a greater 
quantity of grafted PAA in the less viscous gels 
obtained by the method 3. So, it is logical to suppose 
that grafted copolymer is formed fundamentally either 
by the mechanism 2 (through the transfer of the growing 
radical with the amino or hydroxyl groups of CHI ring) 
or through the initiation of the polymerisation of AA by 
CHI-amino radicals. The fact that the grafting content 
follows an inverse tendency to the viscosity of the 
system before polymerising supports this supposition. 
For the more viscous gels (method II) the transfer 
reactions should be disfavoured due to the decrease in 
mobility of the growing macro-radicals (PAA) as well 
as CHI-type polymeric amino-radicals. In addition, the 
greater the quantity of amine groups involved in 
electrostatic reactions with AA forming the polyelectro-
lyte complex CHI+AA-, fewer remain available for the 
photo reduction of CQ giving rise to the formation of 
CHI amino-radical. In this way, by accepting the 
supposition that the formation of a grafted interpenetrat-
ed copolymer between CHI and PAA occurs through 
mechanism 2 or through reaction of AA with CHI 
amino radicals, the results of the viscosity study are in 
complete agreement with the results of IR spectroscopy.  

On the other hand, it also seems logical to suppose 
that the AA included in the polyelectrolyte complex 
could possess different reactivity to the free acrylic acid, 
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which would change the potential barrier of the 
monomer-polymer step. This, in turn, would be 
reflected in the activation energy of the polymerisation 
process. With the purpose of clarifying this question the 
determination of this parameter for the photopoly-
merisation of AA in presence and absence of CHI was 
carried out. 

D. Determination of the Activation energy 
The determination of the activation energy (Eact) was 
carried out by the Arrhenius method. In the specific case 
of photopolymerisation, where the generation of 
radicals takes place through a photochemical route 
without the need for a thermal contribution, the rate of 
polymerization, Rp´, depends on the propagation, kp, 
and termination, kt, constants according to the following 
equation: 

> @M)I(3
k

k
`R 1/2

ai1/2
t

p
p    (1) 

where Mi is the initiation quantum yield, Ia is the absorb-
ed light intensity and [M] is the monomer concentration. 

Applying the Arrhenius equation to the ratio of the 
constants we obtain the following equation: 
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where Ap and At are pre-exponential factors of 
propagation and termination, respectively, Ep - (Et/2) is 
an apparent activation energy of polymerization, Eact, 
assuming a mechanism with a bimolecular termination 
step and zero activation energy for photoinitiation. 

Substituting the constant ratio kp/kt
1/2 by its 

expression obtained from the previous equation (2) and 
introducing it in the equation (1) we will have:   
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Therefore, it is possible to calculate Eact as a slope of 
the ln Rp

´ plot against the inverse of temperature. 
For this study, the gels with 20% of chitosan content 

prepared by different methods were chosen in order to 
compare their activation energies with those obtained by 
the photopolymerisation of diluted acrylic acid (AA: 
H2O = 50:50). 

For this purpose the temperature dependence of the 
polymerisation rates of these systems was established 
taking 5 experimental points in the interval between 25 
and 40ºC. This interval was selected since below 25ºC 
the AA, with its relatively high crystallisation point 
(~13.5ºC), separates out.  The Arrhenius plot of the data 
obtained (ln Rṕ  vs 1/T) showed a linear dependence, 
and the slopes permitted the corresponding apparent 
activation energy of studied formulations to be 
determined. The results obtained are shown in Table 6. 

As may be observed, the activation energies obtain-
ed in the presence of CHI are greate in comparison with 
AA:H2O solution. This indicates that the existence of 
the polyelectrolyte complex CHI+AA- increases the 
potential barrier of the monomer-polymer conversion 

step. Reinforcing this supposition is the fact that in the 
case of gels II, where ionic interactions between the 
carboxylic and amine groups are favoured, an Eact value 
almost six times higher than in other methods is found.  
Therefore, the observed increase in the rates of 
polymerisation of the gels with a higher content of the 
polyelectrolyte complex (CHI+AA-), could not be 
explained on the basis of greater reactivity of this 
complex, but rather as a consequence of the increase in 
the viscosity of the reaction media. This results in a 
decrease in the corresponding termination constant (kt) 
and the consequent increase in the value of Rp´. 

Table 6. Activation Energy and Correlation coefficients (r) for 
the photopolymerisation of gels and diluted AA 

Sample 
Activation Energy 

(kJ/mol) 
Correlation 

coefficient (r) 
 AA/H2O= 50/50 11.1 0.99 

Gel Method I 14.3 0.98 
Gel Method  II 64.6 0.94 
Gel Method III 16.3 0.99 

IV. CONCLUSIONS 
The results of this work indicate that it is possible to 
prepare gels of AA/CHI that can polymerise through the 
photochemical route. The increase of CHI content leads 
to increase in viscosity of the reaction media due, 
fundamentally, to the formation of a polyelectrolyte 
complex. This complex results from the interaction 
between both speciesand is favoured in the case of the 
gels prepared by method II.  It has been demonstrated 
that the formation of this polyelectrolyte complex 
influences the photopolymerisation kinetics of the gels: 
an increase of its content induces an increment in the 
initial rate of polymerisation, Rp´, due to increase in 
viscosity of the reaction media and consequent decrease 
of the termination constant (kt) of the reaction. At longer 
irradiation times the rate of polymerization, Rp´´ 
diminishes as a consequence of vitrification of the 
medium, which is also shown by the reduction in the 
degree of conversion (DC). 

Furthermore, the results obtained from IR spectra of 
polymerised and washed gels demonstrate that the 
quantity of grafting PAA on to chitosan is smaller in the 
case of the gels II where, according to the method of 
preparation and to the higher viscosity, a greater number 
of ionic type interactions between AA and CHI should 
exist. This leads to the supposition that the formation of 
graft copolymer between PAA and CHI occurs through 
the mechanism that involves transfer reaction of 
growing polymeric radicals to functional groups of the 
pyran cycles of chitosan and not through the formation 
of interchain amide bonds between COO – groups of 
AA and NH3

+ of CHI. 
The results obtained for viscosity measurements of 

non-polymerised gels are in agreement with this 
supposition, since, according to the proposed 
mechanism, the graft formation should be disfavoured 
in method II which produces the most viscous gels and 
where the mobility of growing macro-radicals should be 
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disfavoured. Also contributing to this conclusion is the 
fact that in the less viscous systems (gels I and III), 
where the mentioned transfer reactions of the growing 
PAA radicals should be favoured (because of their 
higher mobility), the greatest quantity of graft 
copolymers is observed. 
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