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Abstract
Three crosslinkers, poly(ethylene glycol) diacrylate (PEGDA), glycerol ethoxylate triacrylate (GETA) and citric acid-(PEG 
acrylate)3 (CA-PEGTA) derived from poly(ethylene glycol) (PEG) were synthesized at first. The three series of poly (N-iso-
propylacrylamide) (PNIPAAm) hydrogels were prepared by photopolymerization with the crosslinkers and compared with 
a hydrogel based on commercial crosslinker, N,N′-methylene bis-acrylamide (NMBA). The influence of the crosslinker 
structures and contents on the swelling behaviour, mechanical properties, and drug release of the hydrogels was investigated. 
The results showed that the hydrogels based on PEGDA and NMBA exhibited the highest and the lowest swelling ratio, 
respectively. The content of crosslinker of all hydrogel series showed good thermosensitivity and thermo-reversibility. The 
critical gel transition temperature (CGTT) appeared at 32 °C for the hydrogel based on NMBA, but appeared at about 34 °C 
for other hydrogels due to higher hydrophilicity of the crosslinker. In the mechanical properties, three-arms crosslinker 
GETA and CA-PEGTA led to higher mechanical strength than a linear crosslinker PEGDA. A hydrogel based on GETA 
(NG6) showed the highest shear modulus of 656.9 kPa and Young’s modulus of 1655.0 kPa. The hydrogels containing 
higher content of crosslinker revealed lower swelling ratio and higher mechanical strength. In the drug release, the hydrogels 
with higher swelling ratios showed higher drug absorbed. The highest release percentage of caffeine and vitamin B12 for 
hydrogel based on PEGDA (NP6) could reach 68.3% and 75.4%, respectively. In addition, the bound water and toxicity of 
the hydrogels were also investigated.
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Introduction

Hydrogels are water insoluble three-dimensional polymers 
with hydrophilic structures and a high absorption capacity 
during swelling [1, 2]. The swelling behaviour of hydrogels 
depends on their structure and external environments, such 
as temperature, pH value, ionic strength and electric field, 
etc. Because they display different swelling behaviours in 
different external environments, they could be also called 
“smart hydrogel materials”, and can be applied in drug 

delivery, membrane separation, sensor, biosensor, tissue 
engineering, and microgels [3–5]. PNIPAAm hydrogel is a 
well-known thermosensitive material, and it has a thermal 
reversible swelling/deswelling behaviour around 32 °C in 
aqueous solution corresponding to phase transition temper-
ature which is called “critical gel transition temperature” 
(CGTT) [6, 7]. Because a PNIPAAm hydrogel has a stimuli-
responsive property, it could be applied to drug delivery 
system and has been widely investigated in biomedical, 
pharmaceutical and other applications [8, 9].

Crosslinkers with different structures could affect the 
properties of hydrogels, such as initiating the radical polym-
erization [10], self-healing ability [11, 12] and degradable 
structure [13]. Irrespective of whether a crosslinker is hydro-
philic or hydrophobic, it would affect hydrogel CGTT and 
swelling behaviour. Recently, poly(ethylene glycol) (PEG) 
and its derivatives were widely used to prepare hydrogels 
which are applied in biomedical fields. PEG shows the char-
acteristics of various molecular weights, biocompatibility, 
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