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Abstract  

Poly(N-isopropylacrylamide) (PNIPAAm) is a widely used smart polymer in drug delivery 
systems (DDS) due to its lower critical solution temperature (LCST) close to body 
temperature, reversible swelling–deswelling behavior, and biocompatibility. However, its 
limitations in controlled release performance and mechanical strength necessitate further 
improvement. In this context, pH-sensitive comonomers such as N-[2-(diethylamino) ethyl] 
acrylamide (DEAEAM) and acrylic acid (AAc) can be incorporated into PNIPAAm networks 
to develop dual-responsive (pH/temperature) systems with enhanced mechanical stability. 
This study aims to synthesize such hydrogels and investigate the effects of crosslinking 
density and pH on their mechanical and thermo-responsive properties for potential drug 
delivery applications. 

In this study, NIPAAm-based copolymers (NIPAAm-DEAEAM) and terpolymers (NIPAAm-
DEAEAM-AAc) with varying crosslinking ratios were synthesized via free-radical 
polymerization using N,N′-methylenebisacrylamide (MBAAm) as a crosslinking agent. The 
structural and morphological properties of the resulting hydrogels were characterized by 
FTIR, SEM, and DSC analyses, while their mechanical properties were evaluated through 
compression testing. In addition, equilibrium swelling ratios, as well as swelling and 
deswelling kinetics, were systematically investigated under various temperatures and pH 
conditions. The results demonstrated that the hydrogels exhibited both temperature and pH 
sensitivity, and that LCST and mechanical behavior were significantly influenced by the 
crosslinking ratio and pH. Furthermore, compression test results confirmed that both 
crosslinking density and pH environment had a decisive influence on the maximum 
compressive strength and elasticity of the hydrogels. 

In conclusion, NIPAAm-DEAEAM and NIPAAm-DEAEAM-AAc hydrogels are promising 
candidates for controlled drug delivery applications due to their tunable thermo- and pH-
responsive behavior. Moreover, their mechanical properties can be optimized by adjusting 
parameters such as crosslinking density and environmental pH, making them suitable for a 
wide range of biomedical applications. 

Keywords: NIPAAm-based hydrogels, DEAEAM, AAc, dual-responsive systems, 

mechanical test, LCST. 

[1] M.K. Yoo, Y.K. Sung, Y.M. Lee, and C.S. Cho, Polymer 41 (2000) 5713–5719. 

[2] Z. Song, K. Wang, G. Gao, S. Wang, and W. Zhang, Macromolecules, 49 (2016) 162-

171. 

This work was supported by the Scientific Research Projects Coordination Unit of Gebze Technical University 

under the ADEP project (Grant No. 2024-A-113-01). 


