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Abstract 

In the present work, three methods were used to inverse chitosan swelling behavior including, conjugation of          
p-amino benzoic acid (PABA) on cross-linked chitosan in different condition, Michael addition reaction of acrylic 
acid (AA) on chitosan and finally graft copolymerization of methacrylic acid (MMA) on chitosan. We couldn’t 
inverse chitosan swelling behavior by the Michael addition reaction of acrylic acid, but conjugation of PABA on 
cross-linked chitosan inversed the chitosan swelling behavior. In addition, the graft copolymerization of MMA on 
chitosan was also successful. In general, the third method, among the above-mentioned modifications provided the 
best results.  
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Introduction 

 Chitosan, the cationic polysaccharide derived from 
chitin, is a biodegradable (Park et al., 2003), 
biocompatible, non-toxic, antimicrobial and renewable 
biopolymer (Meng et al., 2009; Fang et al., 2010; 
Jayakumar et al., 2010; Benhabiles et al., 2012; Saber-
Samandari et al., 2012; Saita et al., 2012). It has found 
applications in fields, for instance, medicine, cologne, 
cosmetics, food industry and agriculture (Gerasimenko et 
al., 2004; Lin et al., 2014; Ai et al., 2012; Domingues et 
al., 2012). Chitosan, because of the presence of a primary 
amino group in most of the sugar units, dissolves in dilute 
acids, but is insoluble in organic solvents, water and 
alkaline solutions (Goosen, 1996). Most of the real-life 
applications for any chemical substance, whether natural 
or synthetic, require the chemicals to be processable. In 
this regard, chitosan has a great drawback because of the 
solubility problems in neutral and basic aqueous media as 
well as commonly used organic solvents. The pKa value 
of the primary amino groups in chitosan is determined to 
be around 6.5 (Strand et al., 2001). Even though chitosan 
and its derivatives are soluble at pH values of lower than 6 

(Wang and Wang, 2011), many of its applications in the 
neutral or basic media, including those of physiological 
behaviors, may not be recognized. Therefore, they will 
trigger an immediate precipitation for the pH under such 
condition. On the other hand, acidic solutions, in which 
chitosan is fairly soluble, may not be desirable in many of 
its applications, especially those in medicines, cosmetics, 
and foods. There have been several approaches towards 
improving the solubility of chitosan at neutral pH such as 
strongly hydrophilic substituent addition, ionic 
derivatization, for example quaternary amination, 
carboxymethylation and sulfatation (Baumann and Faust, 
2001). In addition to the ionic derivatives, a few non-ionic 
polar derivatives of chitosan have been prepared, for 
example, graft of polyacrylic acid and various polar 
polyacrylates. 
     In this study, briefly, we used three methods to inverse 
chitosan swelling behavior. Our goal from inversing 
swelling behavior is to reach the most swelling at pH 7.4 
instead of pH 1. Therefore, three chemical modifications 
were applied including: i) conjugation of p-amino benzoic 
acid on cross-linked chitosan in different conditions that 
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can’t inverse the swelling behavior because of having 
carboxylic group, but also have pharmaceutical properties 
such as UV filtration, ii) Michael addition reaction of 
acrylic acid (AA) on chitosan, and finally, iii) graft 
copolymerization of methacrylic acid (MMA) on chitosan.        

 

Materials and Methods 

 Materials: The chitosan sample (75-85% the degree 
of deacetylation) and glutaraldehyde were purchased from 
Sigma-Aldrich Chemical Company, USA. The solvents 
and reagents were obtained from Fluka. FT-IR spectra 
were measured on a FT-IR Bruker PS 15 
spectrophotometer.  

 Chitosan conductometric titration: Chitosan (0.1g) 
was dissolved in 20 ml aqueous hydrochloric acid (0.1 M) 
and was titrated by aqueous NaOH (0.1 M) and 
investigated by conductometric system.  

 Preparation of cross-linked chitosan films using 
glutaraldehyde with different concentrations 6% (w/w) 
(FG6) and 18% (w/w) (FG18): Chitosan (1 g) was 
dissolved in 100 ml of acetic acid solution (1.5 vol. %), 
filtered and poured onto a glass plate, then dried at 60°C in 
an oven for 3 h. Aqueous solution of NaOH (2.0 %wt.) 
was added to the glass plate in order to neutralize the 
acetic acid in the chitosan film. The films were repeatedly 
washed with deionized water and finally dried again. 
These films were subsequently kept in 50 mL neutral 
solution of glutaraldehyde with different concentrations 
6% (w/w) and 18% (w/w) at room temperature. After 15 h, 
the films were separated and washed extensively with a 
0.2 M NaCl solution to remove the free glutaraldehyde.  

 Synthesis of PABA-conjugated chitosan films (FG6-
PABA) and (FG18-PABA-1) in Organic Solvent: The 
synthetic procedure for both films was same, for example 
about FG6-PABA, cross-linked chitosan film FG6 (0.2 g) 
and p-amino benzoic acid (0.5 g, 3.5 mmol) were refluxed 
in 6 mL methanol and 0.6 mL acetic acid overnight. After 
completion of Schiff-base reaction, the product was 
washed with methanol and acetone and dried in vacuum. 

 Synthesis of PABA-conjugated chitosan films in 
aqueous solvent at room temperature (FG18-PABA-2) and 
60°C (FG18-PABA-3): For the preparation of FG18-
PABA-2, FG18 (0.2 g) was added to p-amino benzoic acid 
(0.5 g, 3.5 mmol) aqueous solution and the mixture was 

kept for 24 h at room temperature (rt). To prepare of FG18-
PABA-3, the above-mentioned procedure was used except 
that the mixture was finally stirred slowly and heated up to 
60°C for 1h. 

 Synthesis of N-carboxy ethyl chitosan; CECTS-1 
(1:10 mol/mol) and CECTS-2 (1:50 mol/mol): CECTS-1 
and CECTS-2 were prepared through Michael addition 
reaction of acrylic acid (AA) on chitosan according 
published method (Aoi et al., 2000) with some 
modifications. Briefly, for preparation of CECTS-2, 
chitosan (1g, -NH2 ca. 7 mmol) was dissolved in 20 g of 
aqueous solution containing 25.22 g (350 mmol) of AA. 
Stirring gave a transparent and viscous solution, which 
was stirred at 50°C for 12 h. The raw product was 
precipitated by the addition of excess acetone after the 
completion of resulting the reaction. For complete 
purification, the product was dissolved in distilled water 
and left for 2 days. Eventually, the product was 
reprecipitated in acetone and then dried under vacuum to 
generate the purified product.  

 Graft copolymerization of methacrylic acid with 
CECTS-2 (CECTS-2-g-PMMA): Graft copolymer CECTS-
2-g-PMMA was homogeneously synthesized in aqueous 
solution. CECTS-2 (1g) was dissolved in 50 ml distilled 
water. Heating and stirring gave a viscous solution. Then 
CECTS-2 was graft copolymerized with methacrylic acid 
(3 g, 35 mmol) by using the N, N′-methylenebisacry-
lamide as a cross-linking agent (0.05 g, 0.32 mmol) and 
potassium persulfate as an initiator (0.1 g, 0.37 mmol) at 
80°C. After the specific time (10 h) the precipitated 
network polymer was collected and after washing with 
ethanol dried under vacuum. 

 Measurement of swelling ratio (SW %): 20 mg of dry 
polymers were immersed in various buffer solutions (pH 
7.4 and pH 1) at 37 ºC. The weight of the swollen samples 
was measured for 4 h with one hour intervals. The 
procedure was repeated until there was no further increase 
of weight. The SW (%) was calculated according to 
equation show below: 

SW (%) = [(W2-W1)/ W1] ×100          

     Where W1 is the initial weight of sample and W2 is the 
weight of sample after swelling in buffer solution for 4 h. 
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Results and Discussion 

 Conductometric titration of chitosan: Conductometric 
titration curve of a chitosan solution in aqueous 
hydrochloric acid is shown in figure 1. As shown in figure 
1, the electrical conductivity of initial section in the 
titration curve decreased due to neutralization of the 
excess hydrochloric acid with aqueous sodium hydroxide 
and then it increased due to displacement of HCl bound to 
the primary amino groups of chitosan hydrochloride. The 
addition of excess aqueous alkali strongly increased the 
electrical conductivity. The resulting titration curve has 
two breaks corresponding to the final titration points 

(FTPs) of free and bound HCl, respectively. The correct 
positions of these points can be determined by linear extra 
polation of the adjacent portions of the titration curve. The 
chitosan concentration in the solution was determined 
from the difference between aqueous alkali volumes 
corresponding to the second and first FTPs, respectively. 

 Study of cross-linking condition, solvent and 
temperature effects on FG6-PABA, FG18-PABA-n; (n=1-
3): As could be seen in figure 2, glutaraldehyde cross-
linked chitosan films of FG6 and FG18 reacted with p-
amino benzoic acid for the inversion of chitosan swelling.

 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 1. Conductometric titration curves of chitosan in hydrochloric acid solution. 
 

     The reactive amino groups of chitosan films were 
participated in a Schiff-base reaction with glutaraldehyde 
that had at least two reactive functional groups. Some of 
these functional groups in the other side of the 
glutaraldehyde chain remain free to react with drug. 
Preliminary trials with 6% and 18% of glutaraldehyde 
were carried out to evaluate the effects of cross-linker on 
chitosan swelling. The experimental data have obviously 
showed that the degree of cross-linking has considerably 
influenced the conjugation of PABA on the cross linked-
chitosan films. Based on our results, higher concentrations 
(18%) of glutaraldehyde showed high conjugation 
efficiency in film. At the next step, the effect of solvent 
change on conjugation has been investigated. Based on 

FT-IR spectra (Figure 3C and E) as well as swelling 
behavior (Figure 6B and D), the amount of carboxylic acid 
groups from PABA in water are more than the same 
groups in methanol solvent. Therefore, it implies the high 
conjugation in water relative to methanol. In addition, as it 
has been known the green aspects of water relative to any 
other organic solvents made it the ideal candid for all 
chemical optimizations. Moreover, we studied the yield of 
PABA conjugation on cross-linked polymers at two 
temperatures (T= room temperature and 60°C). Based on 
FT-IR spectra (Figure 3D and E) as well as swelling 
behavior (Figure 6C and D) the amount of PABA 
conjugation at 60 °C is more than that of at room 
temperature.    
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Figure 2. Synthesis of PABA-conjugated chitosan films. 

 
 
 
 
 
 
 
 
Figure 3. FT-IR spectra of A: Chitosan, B: FG6-PABA, C: FG18-PABA-1, D: FG18-PABA-2,E: FG18-PABA-3, F: CECTS-1, G: 

CECTS-2 and H: CECTS-2-g-PMMA. 

 
 Characterization of FG6-PABA, FG18-PABA-n; 
(n=1-3): The FT-IR spectra of drug conjugated films, for 
instance FG18-PABA-1, represent typical absorption band 
at 3448 cm-1 which shows the presence of the respective 
absorption of hydroxyl, amine and acid groups (Figure 
3C). Furthermore, C-H asymmetrical stretching, C-H 
bending, N-H bending and C=C stretching vibrations 
could be seen at 2854-2925, 1459, 1560 and 1637 cm-1, 
respectively. In addition, the respective peaks at 1654, 
1719 and 1735 cm-1 could be assigned to the stretching 

vibration of carbonyl groups of amide (respective to 
acetylated amine groups), carboxylic acid and free 
aldehyde groups. The C-N linkage has the characteristic 
peak near 1261 cm-1, while the peaks of 1648, 1686 cm-1 
stand for the stretching vibrations of C=N in Schiff-base 
produced by the reaction of glutaraldehyde: p-amino 
benzoic acid and glutaraldehyde: chitosan respectively. 
Based on Figure 3B-E, in respect of the peak’s width of 
carboxylic acid (>3000 cm-1), the amounts of carboxylic 
acid in FG6-PABA (Fig 3B) and FG18-PABA-2 (Fig 3 D), 
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are less than FG18-PABA-1 (Figure 3C) and FG18-PABA-3 
(Figure 3E). However, in turn, the peak’s width of 

carboxylic acid of FG18-PABA-3 is more than FG18-
PABA-1.         

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Michael addition reaction of acrylic acid with chitosan. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5. Graf copolymerization to synthesis CECTS-2-g-PMMA. 
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 Synthesis of CECTS-1 and CECTS-2: As could be 
seen in figure 4, water-soluble CECTS-1 and CECTS-2 
were successfully synthesized using only water as 
medium. 

 This simple procedure will be appropriate as an eco-
friendly mild chemical modification process. It has been 
confirmed that mono-alkylation to the amino groups of the 
chitosan occur under the mild condition (Aoi et al., 2000). 
The selection of organic acid as inversing agent of 
swelling behavior is remarkable in two aspects. It could be 
used both the proton donor to dissolve chitosan and the 
reagent for the Michael reaction.  

 Characterization of CECTS-1 and CECTS-2: CECTS-
1 and CECTS-2 were synthesized by the Michael addition 
reaction of acrylic acid with chitosan, as shown in figure 
4. The FT-IR spectrum of CECTS-1, for example, showed 
a strong and wide band at 3442 cm-1 was the respective 
absorption of hydroxyl, amine and acid groups. 
Furthermore, C-H asymmetrical stretching, C-H bending, 
N-H bending and C-N stretching vibrations of the CECTS-
1 could be seen at 2852-2961, 1558, 1558 and 1262 cm-1, 
respectively. Moreover, the respective peak at 1716 cm-1 
could be assigned to the stretching vibration of carbonyl 
groups of carboxylic acid. The band around 1023 and 
1097 cm-1 could be assigned as characteristic stretching 
vibration of C-O of chitosan. 
 Study of graf copolymerization condition on the 
synthesis of CECTS-2-g-PMMA: CECTS-2-g-PMMA was 
synthesized by the graft copolymerization of methacrylic 
acid as shown in figure 5. The chemical modification was 
exerted homogeneously in aqueous medium owing to the 
application of CECTS-2 rather than chitosan, which 
renders the mixture of MMA and CECTS miscible. Based 
on our knowledge, the temperatures between 50-80°C has 
the best performance in respect of both Grafting 
percentage (GP) and Grafting efficiency (GE) (Kang et al., 
2006; Sashiwa et al., 2003). In one hand, the reaction 
between the amino group of CECTS-2 and potassium 
persulfate (PPS) did not progress easily when the reaction 
temperature is lower than 50°C. On the other hand, a 
higher temperature than 50°C was effective in enhancing 
the possibility of successful collision for PPS and CECTS-
2, which resulted in increasing of CECTS-2 macroradicals 

and consequently enhanced the graft copolymerization of 
MMA onto CECTS-2. However, GP and GE decreased 
with a further increase in temperature more than 80°C, 
owing to the greater possibilities of termination and chain 
transfer at a relatively higher reaction temperature (Sun et 
al., 2003). Thus, we selected the 80°C as the optimum 
temperature for starting graft copolymerizatin. With 
respect to the solubility of CECTS-2 in aqueous media, we 
employed the N,N′-methylenebisacrylamide as cross-
linking agent in order to decrease the solubility of CECTS-
2 as well as increase the swelling capacity.   
 Characterization of CECTS-2-g-PMMA: As shown in 
figure 3H, strong and wide band at 3426 cm-1 was the 
absorption of hydroxyl, amine and acid groups of this 
compound. The peaks at 1716 cm-1 and 1652 cm-1 could be 
assigned to the stretching vibrations of carbonyl of 
carboxylic acid and amide groups, respectively. The FT-IR 
spectrum of this polymer indicated an N-H bending 
vibration at 1557 cm-1 and stretching vibration of  C-N at 
1262 cm-1. The spectum of the synthesized polymer also 
depicted a band around 1028 and 1098 cm-1 that could be 
assigned as characteristic stretching vibration of C-O. The 
ratio of peak intensity at 1716 to 1557 cm-1 (Figure 3H and 
G) increased with an increase of graft copolymerization, 
indicating the graft copolymerization of MMA onto 
CECTS-2.  
 Swelling of polymers: With study the swelling 
behavior of PABA-conjugated FG6 and FG18, PABA-
conjugated FG6 did not show inverse swelling behavior. It 
could be as a result of the lack of enough free aldehyde 
groups of the glutaraldehyd on the backbone of FG6. So, 
the FG18 was selected as the suitable option to inverse the 
swelling behavior. As the next step, we continued the 
optimization with changing the organic solvent to water as 
green solvent as well as to increase the inverse swelling 
behavior. Overall, the change of solvent leads to inversing 
swelling behavior of PABA-conjugated FG18.   
     On the other hand, with comparing of FG18-PABA-2 
and FG18-PABA-3, polymers swelling shows that in FG18-
PABA-2, PABA couldn’t go through polymer scaffold due 
to rigidity and stiffness of network, so it reacts with 
glutaraldehyde’s free ends. By heating, in FG18-PABA-3, 
PABA acquires enough energy to go through polymer 
network to inverse swelling behavior. Time-dependent 
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swelling behavior of cross-linked polymers at pH 1 and 
pH 7.4 at 37ºC was plotted in figure 6.  

     Investigation on swelling CECTS-1 and CECTS-2 at 
two pH 1 and 7.4 have shown that they have the most 
swelling at pH 1 as it was almost trepanned to dissolve 
polymers. As a result, we couldn’t inverse chitosan 
swelling behavior by the Michael addition reaction of 
acrylic acid but grafting methacrylic acid on the CECTS-2 

inversed chitosan swelling behavior as shown in the figure 
6 E. Swelling at pH 7.4 is more than pH 1. It could be as a 
result of presence of carboxylic groups of PMMA in 
CECTS-2-g-PMMA that not only neutralize the amine 
groups of chitosan but also by ionization at pH 7.4 lead to 
electrostatic repulsion in hydrogel and accordingly 
swelling.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Swelling of polymers of A: FG6-PABA, B: FG18-PABA-1, C: FG18-PABA-2, D: FG18-PABA-3 and E: CECTS-2-g-PMMA. 

 

Conclusions  
 With comparison on the swelling behavior of PABA-
conjugated FG6 and FG18, the PABA-conjugated FG18 at 
60ºC indicated that it could inverse the swelling behavior. 
In addition, the result of inversing in aqueous solvent is 
better than that of methanol. Investigation on CECTS-1 
and CECTS-2 polymers generated from Michael addition 
reaction depicted that the most swelling was taken place at 
pH 1.0 so that it could almost dissolve polymers. As a 
result, we couldn’t inverse chitosan swelling behavior by 

the Michael addition reaction of AA. However, the graft 
copolymerization of MMA on the CECTS-2 was 
successful. In general, the third method among the above-
mentioned modifications, possessed the best results. 
     In an effort to obtain self-assembled systems with 
ability in this work, new types of potentially amphiphilic 
graft copolymers were synthesized based on hydrophobic 
chitosan and hydrophilic segments containing polar 
carboxylic acid groups such as PABA, AA and MMA, 
respectively. Our experiments to test their amphiphilic 



 Zakhireh et al. / Bangladesh Pharmaceutical Journal 18(2): 110-117, 2015 117 
 

behavior as potential utilities in biomedical applications 
are ongoing. 
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