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       ARBOXYMETHYL chitosan (CMCt) was synthesized through 

….. carboxymethylation reaction for chitosan. The prepared (CMCt) 

was subjected to crosslinking reaction by using γ- radiation. Different 

process parameters were investigated to clarify the effect of radiation 

dose, pH, and time upon the gel fraction and swelling properties of the 

produced hydrogels. The gel fraction was reduced after radiation dose 

20 KG. The swelling% was dependent on the paste concentrations. At 

higher paste concentrations, 30- 40% higher doses of γ- radiation, 20 

KG, were required for optimum swelling. The high concentration 

paste, 40%, showed superior swelling in alkaline medium, pH > 8, 

while lower concentration paste manifested optimum swelling in 

neutral medium, pH = 7. The prepared (CMCt) hydrogels were 

characterized by FTIR, SEM, DSC and swelling kinetics.  

 

Keywords: Carboxymethyl chitosan (CMCt), Hydrogel, γ-ray 

radiation, Swelling, FTIR, SEM and DSC. 

 

 

Hydrogels are three- dimensional structure of cross-linked polymer, which have 

affinity for water absorption 
(1)

. The hydrogel matrix has been hold by chemical 

or physical cross-linking that involves hydrophilic groups of homopolymers or 

copolymers 
(2)

. Hydrogels swell in water by retaining a significant fraction of 

water within the pores structure without dissolving 
(3)

. Several applications for 

hydrogels have been developed in biomedical and industrial fields such as 

artificial implants, contact lenses, enzyme immobilization 
(4-6)

. Recent 

applications for hydrogels are interesting in drug delivery and agriculture in 

which water release from hydrogel is essential features 
(7-12)

. Radiation cross-

linking is considered as clean and effective method for hydrogel preparation. On 

comparison with conventional hydrogel preparation, cross-linking through 

irradiation process did not need initiators, or chemical cross-linking.  Radiation 

methods are efficient and safe alternative for cross-linking without using toxic 

additives 
(13)

. Lugao reviewed the application of radiation processing in preparing 

hydrogels 
(14)

. It was shown that the radiation technique is a powerful tool for 

controlling the degree of cross-linking of the produced hydrogels. Hydrogels, 

biodegradable and biocompatible polymers, obtained by irradiation cross-linking 

have a variety of applications, in different fields, such as biomedical devices 
(15)

 

and control release of drug 
(16)

.  
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Scheme 1 

 

 

Chitosan is a unique polysaccharide derived from deacetylation of chitin, 

structure of chitosan is shown in Scheme 1, the second most abundant natural 

polysaccharide 
(17)

. Chitosan, as bio-based substrate has been used in wide 

varieties of applications in biomedical field 
(18, 19)

. The utilization of natural 

polymers has been preferred due to economic and sustainability point of view.  

Among the advantages of using natural polymer, chitosan is characterized by 

biocompatibility, biodegradability, and low toxicity 
(20, 21)

.  The development of 

chitosan hydrogels has led to new drug delivery systems that release their 

payloads under varying environmental stimuli. Moreover, thermo-sensitive 

hydrogel variants have been developed to form a chitosan hydrogel in situ, 

precluding the need for surgical implantation 
(22)

. Because of low solubility in 

water, chitosan-based hydrogels do not show high binding water capacities. 

Carboxymethylion of chitosan (CMCt) can be performed by introducing –

CH2COOH onto active sites of chitosan moiety of –OH or/ and –NH2 groups. 

Therefore, CMCt can be used as a hydrophilic polymer with pH sensitive to 

prepare the pH/ temperature-sensitive hydrogels with improved de-swelling rate 
(23, 24)

. CMCt are associated with environmental- friendly applications, due to its 

properties such as water solubility, biocompatibility, biodegradability, and 

antibacterial activity
 (25)

. 

 

The action of gamma irradiation on chitosan and CMCt has been manifested 

as remarkable degradation effect. High concentrated aqueous solutions have been 

required for preparing hydrogel based on chitosan and CMCt by utilization of 

gamma and electron beam irradiation 
(26)

. 

 

     In the present work, CMCt was synthesized through carboxymethylation reaction 

for chitosan. Hydrogels have been prepared via cross-linking of carboxymethylated 

chitosan by using different doses of γ- radiation for enhancing the water sorption 

capacity of this bio-polymer. The swelling behavior, FTIR, SEM and DSC of the 

prepared CMCt hydrogel have been investigated.  
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Experimental 

Materials 

Chitosan, commercial grade (Oxford Laboratory, India) with 90–95% degree 

of deacetylation and MW 400,000 was used. Other chemicals used in the present 

work monochloroacetic acid, ethyl alcohol and sodium bicarbonate were of 

laboratory grade. All chemicals were used without further purification. 

 

Preparation of carboxymethyl chitosan (CMCt) 

     1g of chitosan was swollen in 100 ml water for a day, and then 0.5g of 

ClCH2COOH was added, stirred until all the chitosan was highly swollen, then 

heated at 90°C for 3 hr while keeping the pH at 8-8.5 by addition of NaHCO3 or 

Na2CO3, to give the product CMCt. Then the reaction was stopped by cooling 

and water was discarded. Ethyl alcohol (80%) was added and solid product was 

filtered and rinsed with 80– 90% ethyl alcohol to desalt and dewater, then it was 

air-dried at 25°C.  

 

Sample preparation and γ-ray irradiation 

      In a typical experiment for sample preparation, CMCt was mixed with 

deionized water to obtain homogenous paste. Due to the high solid content of 

CMCt, 25, 30, 35 and 40%, the yielded paste was kneaded well with water by a 

glass bar. The prepared past samples were heat-sealed in a poly (vinylidene 

chloride) bag to prevent penetration of air to the sample during irradiation. After 

removal of air by a vacuum machine, the irradiation process was carried out 

using a Co-60 γ cell at the National Center for Radiation Research and 

Technology, Cairo, Egypt with a dose rate 6.92 KG/h. Irradiation was carried out 

under air atmosphere. The different past samples were exposed to different doses 

of γ - irradiation (10, 20, 25 and 30 KG). 

 

Swelling behavior evaluation 

      A dry weight of CMCt hydrogels sample (Wo) was immersed in distilled 

water for different periods of time at room temperature until equilibrium. After 

the excessive surface water was removed with filter paper, the weight of swollen 

gel was determined (Ws). The equilibrium degree of swelling was determined 

according to Eq. (1): 

 

Degree of swelling % = [Ws – Wo / Wo] X 100           Eq. (1) 

 

Determination of gel fraction for CMCt hydrogels 

     The gel fraction of CMCt hydrogels was estimated by measuring its insoluble 

part after extraction. A dry weight of hydrogels (Wo) was immersed in distilled 

water at 60
o
C for 24 hr in order to remove the soluble part. The remaining gel 

was then dried at 25
o
C to a constant weight (Wg). The gel fraction was calculated 

using Eq. (2):                                      

 

Gel fraction % = [Wg/ Wo] X 100                    Eq. (2) 
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FTIR analysis 

     Chitosan, carboxymethyl chitosan and CMCt hydrogels, after removing sol 

part, were characterized of by FTIR. The spectra of the samples were taken in the 

solid state using potassium bromide pellets with a Fourier transform infrared 

spectroscope Jasco FT/IR, Nicolet, and Model 670.  

 

Differential scanning calorimetry (DSC) analysis 

     DSC measurements were performed on SDT Q600 /USA Differential 

Scanning Calorimeter.  

 

Scanning electron microscopy (SEM) 

     The dried hydrogels were examined with JEOL JSM-5400 scanning electron 

microscopy (SEM). The surfaces of the polymers were sputter coated with gold 

for 3 min.  

 

     The wet samples were fixed in 4% glutaraldehyde in 0.2 M sodium cacodylate 

buffer (pH 7.3) for 4 hr, after two rinses in the same buffer for a period of 20 min 

followed by post fixation in osmium tetra-oxide OsO4 for 2 hr. Then the samples 

are washed three times for 30 min in the same buffer (sodium cacodylate buffer). 

The samples are then dehydrated in ascending grades of ethanol; from 10 to 

100%, 10 min in each one except the finely one 100% for 30 minutes for three 

changes (each one for 10 min).    

 

Results and Discussion 

 

Preparation and characterization of CMCt 

     When monochloroacetic acid (ClCH2COOH) is used to produce CMCt, the 

carboxymethylation may occur on both –NH2 and –OH sites, where the produced 

CMCt are called N-carboxymethyl and O-carboxymethyl chitosan, respectively  

as follows in Scheme 2 
(27)

: 

 
Scheme 2 
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It is therefore important to measure the proportion of these groups in the 

CMCt chains. For this purpose, FTIR was used for characterization of the CMCt 
(28)

. Figure 1 shows a comparison of the FTIR spectra for chitosan, CMCt and 

CMCt hydrogels, FTIR spectroscopy was employed to detect the structural 

changes between them. The FTIR of chitosan (curve a) showed three absorption 

peaks at 1153, 1100, and 895 cm
-1

 which were peaks attributed to the saccharide 

structure. The very strong broad absorption peak in range of 3425–2917 cm
-1

 

should be assigned to the stretching vibration of -OH, the extension vibration of 

the -NH, and the hydrogen bonds of polysaccharide. There were two absorption 

peaks, one peak at 1598 cm
-1

 was due to the -NH bending (amide II) and a peak 

at 1650 cm
-1

 was due to the C=O stretching (amide I), which illustrated that 

chitosan, had a high deacetylation degree. The FTIR spectrum of CMCt (curve b) 

showed, a strong absorption peak at 1412 cm
-1

 which could be assigned to the 

symmetrical stretching vibration of COO
-
 group. The peak related to COO

-
 group 

(around 1555 cm
-1

) is referred to asymmetrical stretching vibration overlapped 

with the deforming vibration of NH2 at 1641 cm
-1

 to obtain a very strong peak. 

On comparison with the peaks of chitosan, the bands at 1641 cm
-1

 and 1412 cm
-1

 

corresponding to the carboxyl group (which overlaps with N-H bend) and –

CH2COOH group, respectively are intense in spectrum indicating 

carboxymethylation on both the amino and hydroxyl groups of chitosan. The C–

O absorption peak became stronger and moved to 1021cm
-1 (29)

.  

 
Fig. 1. FTIR spectroscopy for chitosan (a), CMCt (b) and γ- radiated CMCt 20KG & 

40% paste (c). 
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Radiation-induced cross-linking for CMCt. 

     In aqueous solution, water absorbed most of irradiation energy. The cross-

linking of CMCt was initiated by powerful oxidizing radicals, hydroxyl radicals 

(·OH) and hydrogen radicals (·H), which were formed by radiolysis of water as 

follows:  

 
H2O                                 e- aq, 

.OH, .H, H2O2, H2, H3O
+ 

 

    The incorporation of water into CMCt system is necessary for the cross-

linking because the radiolysis of water generates active species to induce more 

CMCt macro-radicals by indirect effect. These active radicals react with CMCt 

and lead to the scission of main chain of CMCt. The induced oxidizing radicals 

attack the β (1–4) glycosidic bonds of chitosan and reduce significantly its 

molecular weight consequently degradation of chitosan macromolecules is 

achieved 
(30)

.  

 

      The most probable reaction pathway of chain cleavage of CMCt is expected 

to follow the general procedure in Scheme 3. The main mechanism is H- removal 

stage, fragmentation and/or rearrangement of radicals at C (1), C (2), C (4), and 

C (5), which is similar to the degradation of chitosan. From Scheme 3, it also can 

be found that the degradation of CMCt induces the formation of carbonyl groups 

at the terminal chains and simultaneously, hydroxyl groups were formed at C (2) 
(31)

. In our study, it was found that CMCt concentration of 30 to 40% resulted in 

the optimized CMCt hydrogels based on the swelling properties.  

 
Scheme 3. The possible mechanism of main chain scission of CMCt during radiation. 

 

γ- ray 
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Gel fraction of CMCt hydrogels 

     γ- ray radiation-induced cross-linking of CMCt was observed at paste-like 

state with the concentration of CMCt from 25% to 40%. The effect of CMCt 

concentration and the dose of γ- ray radiation on gel fraction of CMCt hydrogels 

were shown in Fig. 2. Gel fraction of the obtained hydrogels increased from 45 to 

58% as the paste concentration of CMCt increased from 25 to 35%, respectively. 

As shown, when the concentration of CMCt increases from 35% to 40%, low gel 

fraction was obtained at doses 20, 25 and 30 KG because CMCt and water could 

no longer form homogeneous mixture.  

 

     Figure 2 showed that the gel fraction increased with the increase of the dose from 

zero to 20 KG after which the gel fraction results pass through maximum and then 

leveled off at high dose for each concentration of paste sample. This resulted in 

CMCt macro-radicals formation for cross-linking of CMCt at higher dose.  

 

 
Fig. 2. The relation between gel fraction and dose (KG) for pastes 25, 30, 35 and 40%. 

 
Swelling behavior of CMCt hydrogels. 

     The swelling property is very important for the applicability of the γ-ray 

irradiated CMCt hydrogels and the swelling ratio of hydrogels is affected by 

many factors such as the paste concentration, γ-ray irradiation dose, pH, 

temperature and the time of swelling. Figure 3 gives the relation between the 

swelling ratio of the CMCt hydrogels of different pastes and γ-ray irradiation 

with different doses at neutral pH and for 12 hr. It can be seen that the swelling 

percentage increased with increasing dose in each concentrations, and the gel 

made from higher concentration aqueous solution (paste 30 and 40%) shows 

higher swelling ability in water than that resulted from lower concentration 

solution. The swelling ability can be interpreted by increasing the cross-linking 

density of the obtained hydrogels from 30 to 40% aqueous solution. On the other 

hand the swelling percentages for all concentrations of CMCt hydrogels 

increased with increasing the dose of γ-ray irradiation to be maximum at 20 KG 

dose after which decreasing of swelling percentages occurred by increasing the γ-

ray irradiation dose from 20 to 30 KG. 
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Fig. 3. Effect of gamma irradiation dose on the swelling % of hydrogels. 

 

Factors affecting the swelling behavior of CMCt hydrogels 

     pH 

     The effect of pH value on the swelling of CMCt hydrogel formed from 30 and 

40% paste at irradiation dose 20 KG and 12 hr is shown in Fig. 4. As shown in the 

figure, the swelling features of CMCt hydrogels indicated pH-sensitivity. The CMCt 

hydrogel swelled slightly in acidic medium (pH less than 7), while remarkable 

increase in swelling percentage in alkali medium was obtained (pH more than 8). The 

highest swelling ratio was obtained in the alkaline medium at pH 12. 

 

 
Fig. 4. Effect of pH on the swelling% of hydrogels formed by gamma irradiation at a 

dose of 20 KG for pastes 30 and 40%. 

     Time 

     The effect of time on the swelling ratio of CMCt hydrogel (30% and 40% conc., 

20 KG) at neutral pH is shown in Fig. 5. It is obvious from the figure that the 

swelling percentage increased from 1530 to 2640 and from 1420 to 2420 for CMCt 

hydrogel formed from 30 and 40% paste at irradiation dose 20 KG, in the studied 

time range 0.5 min – 24 hr. The swelling of CMCt hydrogel is characterized by high 

rate of water absorption at the initial 4 hr and then slowed down gradually as shown 

in Fig. 5. The swelling is steady for long time of swelling (up to 12 hr). 
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Fig. 5. Effect of time on the swelling% of hydrogels formed by gamma irradiation at 

a dose of 20 KG for pastes 30 and 40%. 

 

Characterization of CMCt hydrogel. 

FTIR   

     Figure 1 shows FTIR spectra for γ- radiated CMCt sample (20 KG & 40% 

paste). FTIR spectroscopy was employed to detect the structural changes 

between chitosan, CMCt and CMCt hydrogel. The FTIR spectra of γ- radiated 

CMCt hydrogel (curves c) are concerned. The broad band between 3420 and 

3100 cm
-1

 due to the -OH stretching vibration is observed. This peak is referred 

to asymmetry stretching of alcoholic hydroxyl group bonded with water molecule 

in the hydrogel 
(32)

. On the other hand, curve c shows a band at high wave 

number appeared at 1638 cm
-1

. Peaks at 1412 cm
-1

 were assigned to C-O stretch 

vibration of -COOH. These changes in spectra revealed that although CMCt were 

cross-linked after irradiation, radiation degradation lead to formation of new 

carbonyl groups formed and some -NH2 were scissored out
 (32)

. 

 

Scanning electron microscopy observations 

     Microstructures of chitosan, CMCt and wet & dry CMCt hydrogels surfaces 

were investigated by scanning electron microscopy as presented in Fig. 6. The 

micrographs revealed that the surface structure of pure chitosan is nonporous, 

smooth and uneven and the texture is plain without pores (Fig. 6- a). The 

micrographs showed a drastic change after carboxymethylation as CMCt showed 

either a rough surface with a few undulations or a somewhat smooth surface with 

few wrinkles (Fig. 6- b). On the other hand, the micrographs of dry and wet 

CMCt hydrogels (Fig. 6- c, d respectively) are having entirely different 

morphology. It could be seen that the γ- radiated CMCt hydrogels have a channel 

like surface with porous structure. The surface morphology of the pores of the 

hydrogels is different from that of CMCt. The distribution of porosity became 

uniform in case of wet CMCt hydrogel. SEM micrographs also revealed that the 

uniform porosity and channel like surface of wet CMCt hydrogels allows more 

water molecules to be absorbed. 
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a- Chitosan 

   
 

b- CMCt 

   
 

c- Dry CMCt hydrogel 

d-Wet CMCt hydrogel 

Fig. 6.  SEM micrographs of chitosan (a), CMCt (b), dry and wet CMCt hydrogels (c, 

d, respectively). 
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     Differential scanning calorimetry (DSC) 

     DSC was demonstrated as an effective technique to detect the thermal 

transition for CMCt and γ- radiated CMCt hydrogel. In the present study, the 

DSC were carried out for chitosan, CMCt and CMCt (20 KG& 40% paste) in the 

range of -50 to 200
ο
C with 5mg of sample with a heating rate of 10

о
C/min under 

N2. DSC spectra of chitosan (a), CMCt (b) and γ- radiated CMCt 20 KG & 40% 

paste (c) are shown in Fig. 7. It is obvious from the figure that, besides the peaks 

indicating melting of water at about 5°C, there were endothermic peaks at about 

63.45, 117.29 and 151.33°C in the spectra of chitosan, CMCt and CMCt 

hydrogels, respectively. The temperatures ranged between 117–150°C in the 

spectrum of the CMCt and CMCt hydrogel reflect the changes in chemical and 

physical features for CMCt and γ- radiated CMCt. This demonstrated that the 

obtained hydrogels have superior thermal stability than that for both chitosan and 

CMCt 
(33)

.  

 

 
Fig. 7. DSC of chitosan (a), CMCt (b) and γ- radiated CMCt (c). 

 

 

Swelling kinetics 

     The absorption of water molecules through the hydrogel network is dependent 

on the mode of diffusion. The swelling may be diffusion-controlled process in 

which the rate of diffusion is less than the rate of relaxation of hydrogel network 

matrix. This type of diffusion obeys Fickian law. On the other hand, when the 

relaxation rate exceeds the diffusion rate the diffusion mode is non-Fickian 

diffusion as shown in Fig. 8.  

 

     The swelling kinetics have been studied for swelling of two hydrogel samples, 

γ- radiated CMCt  hydrogels formed by gamma irradiation at a dose of 20 KG 

30% paste and 40% paste. Fick’s law is applied according to the following 

equation 
(34)

:  



A.A. El-Gendy  et al. 

Egypt. J. Chem. 59, No.4 (2016) 

658 

F  = Wt / We = Kt
n
 

or ln F = ln K + n ln t 

 

where Wt and We are the amount of water uptake by the hydrogel at time t 

(seconds) and at equilibrium, K is a constant characteristic of the structure of the 

networks of hydrogel and n determines the mode of water diffusion. 

 

     The water diffusion nature into CMCt hydrogels was determined by applying 

Fick’s law. As shown in Fig. 9, plotting ln F vs. ln t gives a straight line from 

which the intercept is equivalent to the constant K and the slope gives the number 

n. According to the Fick’s law, a value of n ≤ 0.5 indicates a Fickian diffusion 

mechanism in which the sorption is diffusion controlled, whereas a value of 0.5 < 

n <1 indicates an anomalous non-Fickian type diffusion and contributes to the 

water-sorption process. Figure 9 illustrates the application of the above equation 

to the CMCt hydrogels and the calculated values for n were 0.123 and 0.139 for 

γ- irradiated CMCt hydrogels formed by gamma irradiation at a dose of 20 KG 

for 30% paste and 40% paste, respectively. Therefore, it can be concluded that 

the diffusion of water into the prepared hydrogel is undergoing to Fickian 

diffusion and it depends on the pathways and the structures of pores formed in 

hydrogel networks. This behavior agreed with the morphological structure of the 

hydrogel surface presented in Fig. 6 d.  

 

 
Fig. 8. Fickian (a) and non-Fickian (b) diffusion for hydrogel swelling. 
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Fig. 9. Plot of Ln F versus Ln t for CMCt hydrogels formed by gamma irradiation at 

a dose of 20 KG for 30 & 40% paste. 

 

Conclusion 

 

     Chitosan was functionalized via carboxymethylation to improve the 

hydrophilicity that serves the aim of preparing of hydrogel. The substitution can 

occur at N or O positions, where the presence of carboxyl group enhanced the 

swelling properties of the prepared hydrogel. Efficient crosslinking of CMCt was 

achieved by different doses of γ- radiation. The maximum increase in swelling 

percentage was obtained at 20 KG γ- ray irradiation dose. SEM shows difference 

in microstructures for chitosan, CMCt and crosslinked CMCt, wet and dry, 

surfaces. The swelling of hydrogel samples is Fickian type diffusion and it 

depends on the pathways and structures of pores formed in hydrogel networks.   
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   شعاع الجاما  باستخذام حيىية كتلة ساساعلً لمحضر ا الهيذروجل 
 

 و نبيلة الشناوييىمً أبى يىسف ، عبير محمذ عادل أحمذ علً الجنذي ، حسين الب
 انديشة. -انذقً  -شارع انبحىد  33-انًزكش انقىيً نهبحىد  -قسى انسهيهىس وانىرق 

 

 

نقذ حى ححضيز انكزبىكسً ييثيم كيخىساٌ يٍ خالل حفاعم انكزبىكسً ييثيالٌ 

عهً انكيخىساٌ . و قذ حى حعزيض انكزبىكسً ييثيم كيخىساٌ انًحضز ألشعاع 

ً حى حعزيضها اندايا. باألضافت انً دراست انًخغيزاث انًخخهفت عهً انعيُاث انخ

ألشعاع اندايا أليضاذ حأثيز كم يٍ كًيت )خزعت( األشعاع انخً حعزضج نها 

انعيُاث، األص انهيذروخيًُ، انفخزة انشيُيت عهً درخت اَخفاخ انهيذروخم 

انًحضز. و قذ وخذ أٌ درخت األَخفاخ حعخًذ عهً حزكيش انعديُت انًحضزة يٍ 

ألشعاع اندايا. و قذ أظهزث انُخائح أٌ انكزبىكسً ييثيم كيخىساٌ انذي حى حعزضه 

 KG 20ححخاج انً حعزض اشعاعً بكًيت   %03  ،33حزكيشاث انعديُت 

نهىصىل انً أعهً درخت اَخفاخ. و قذ أظهزث انُخائح أٌ انخزكيش انعانً نهعديُت 

يعطً أعهً درخت اَخفاخ عُذ األص انهيذروخيًُ انقهىي و حزكيشاث   03%

عهً درخت اَخفاخ عُذ األص انهيذروخيًُ انًخعادل. و قذ حى انعديُت األقم يعطً أ

حىصيف عيُاث  انهيذروخم انًحضزة باسخخذاو اآلشعت ححج انحًزاء، 

انًيكزوسكىب األنكخزوًَ انًاسر، انخحهيم انحزاري وحى ايضا دراست كيُاحيكيت 

 .عيُاث انهيذروخم انًحضزة يٍ انكزبىكسً ييثيم كيخىساٌ


