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Synthesis and characterization of Chitosan – Poly (ethylene glycol) hydrogels 
In this project, a series of semi interpenetrating network (semi IPN) hydrogels were synthesized by photopolymerization of chitosan 
with PEG diacrylate (PEGDA) of different molecular weights and different water contents. PEG diacrylate was first synthesized from 
PEG (poly (ethylene glycol)), and the product of the reaction was characterized by FTIR and NMR. Chitosan and PEG diacrylate 
were photo-crosslinked to form a semi IPN under UV radiation. The swelling ratio of the hydrogel was calculated and the morphology 
and pore size were studied using SEM (Scanning Electron Microscope).  

Introduction 
Hydrogels are polymeric networks which retain a large amount of water within their crosslinked structure without 
dissolution. Since they have a high water content and soft rubbery consistency, they are found to be tissue compatible.  

Chitosan is a linear nature polyaminosaccharide obtained by N-deacetylation of chitin, the main structural component in 
the exoskeleton of crustaceans. To enhance the solubility in water, chitosan can be blended or copolymerized with 
hydrophilic polymers such as poly(ethylene glycol) (PEG). PEG diacrylate, a photocrosslinkable PEG derivative  widely 
used in photochemical modification for the use of hydrogel scaffold and membrane materials, is used in this study.  

 Experimental Procedure 
1. Materials 

Synthesis of PEG diacrylate: PEG (8000 Da), Acryloyl chloride, Trimethylamine, Tetrahydrofuran 

Synthesis of Hydrogel: Chitosan, photoinitiator (Irgacure®)  

2. Preparation of PEG diacrylate: See the scheme.  

3. Synthesis of Hydrogel: 2 different types of hydrogels with different water contents (20% w/v and 50% w/v) 
were prepared. Chitosan in acetic acid (2 wt %)and PEGDA (Mw :8000 or 700 Da) were added in 1:1 ratio 
along with a photoinitiator. Solutions were UV irradiated for 15 minutes.  

4. Characterization: Fourier transform infrared spectroscopy (FTIR) and nuclear magnetic resonance (NMR) 
were used to confirm the structure of PEG diacrylate. Swelling ratio or the Equilibrium water content (EWC) 
was calculated using the following formula:                                       where WS is the weight of swollen 
hydrogel and WD is the weight of dried hydrogel.                                                                                                             
SEM images of Chitosan-PEG (8K) hydrogel were taken, and pore size and morphology were studied.                                      
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Results and Discussion 

1. Synthesis of PEG diacrylate (MW: 8000 Da): The product was successfully 
synthesized. From the FTIR of the product, we can see a new peak at 1724 cm-1 
due to the formation of a carbonyl bond by the reaction between acryloyl chloride 
and hydroxyl groups of PEG. Peaks from NMR confirm the product.  

2. Swelling characteristics:  
 
 
 
 
 
 
 
 
The hydrogel with the higher molecular weight of PEGDA and with lesser 
water content has higher water retention.                                                                                

3. Pore Size: The Chitosan-PEGDA (8K) hydrogel had a honeycomb appearance 
with an average pore size of 20μm, with smaller pores at the surface.  

 

Figure 3:  FTIR of synthesized PEG diacrylate 

Figure 1:  Structure of Chitosan 

Figure 2:  Scheme of preparation of PEG diacrylate 
 and chitosan-PEG diacrylate hydrogel 

Carbonyl bond peak 

Figure 5:  SEM images of cross sections of different parts of hydrogel (Chitosan PEGDA 8K) 
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Hydrogel  Molecular weight 
PEGDA (Da) 

Water content 
(w/v %) 

EWC 
(%) 

Chitosan-PEGDA 1 8000 20 2609 

Chitosan-PEGDA 2 8000 50 991 

Chitosan-PEGDA 3 700 20 438 

Table 1:  Swelling characteristics of Hydrogels 

Figure 4:  NMR of synthesized PEG diacrylate (300MHz, CDCl3) 

Future studies: Mechanical strength and degradation studies of hydrogels 

Objective 
To synthesize and characterize chitosan PEG hydrogels and hence study the relationship between the synthesis parameters (water content and 
molecular weight of PEG) and properties (mechanical properties, degradation, and water uptake) of the hydrogel for future applications as contact lens.   
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