Molecular-level insights into ion-induced structural changes in
SIPN gels: Swelling, mechanics, and FTIR analysis
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Semi-interpenetrating polymer networks (SIPNs) offer advanced structural design
capabilities due to their chemical structure, which consists of two or more interpenetrating
networks, one component of which is a cross-linked network structure and the other
component is a linear, high-weight polymer without cross-links [1]. In this study, SIPN
strategy was used to design hybrid gels with improved mechanical and physical properties
to utilize the synergistic effect between biopolymer Xanthan Gum (XG) and chemically
crosslinked network based on biocompatible 2-hydroxyethyl methacrylate (HEMA),
functionalizable glycidyl methacrylate (GMA) and di(ethylene glycol) dimethacrylate. The
study focuses on the effect of the synergistic phenomenon on material properties such as
composition-dependent swelling and elastic modulus by synthesizing polymer gels at
constant XG w/v% concentration while varying the GMA mol% amount in the gelation feed.

Focusing on the effect of salts, the swelling characteristics of Poly(HEMA-co-GMA)/XG-
based SIPN gels were systematically investigated as a function of GMA mol% in three
different Hoffmeister salt solutions, namely, K,COs, KCI, and KNO3, over a wide range of
concentration gradients between 10~ mol/L to 3.0 mol/L and compared with their swelling
behavior in deionized water. Following salt-responsive equilibrium swelling of SIPN gels in
CO;?%, CI, and NO;" solutions, selected gel samples that swelled in anion concentrations of
10%, 1, and 3 mol/L, were subjected to compressive testing to evaluate their mechanical
performance. The results indicated that not only swelling but also the mechanical properties
of SIPN gels are affected by the presence of kosmotrope and chaotrope anions. To further
investigate the structural changes in Poly(HEMA-co-GMA)/XG-based SIPN network induced
by ionic swelling, FTIR analysis was performed on gels after swelling in each salt solution.
Significant shifts in the characteristic absorption peaks were observed compared to water-
swollen samples. The observed spectral changes indicate that the nature of the surrounding
ionic medium directly affects polymer chain organization and network composition.

The combined swelling, mechanical, and spectroscopic investigations carried in this study
demonstrate a strong correlation between ionic environment and gel structure—property
relationships. These findings provide valuable insight for the design of ion-responsive
hydrogel systems in biomedical, environmental, and advanced material applications.

[1] Zhao, X., Chen, X., Yuk, H., Lin, S., Liu, X., & Parada, G. Chemical Reviews 121 (2021)
4309-4372.



mailto:mertcaner@itu.edu.tr
https://pubs.acs.org/doi/full/10.1021/acs.chemrev.0c01088
https://pubs.acs.org/doi/full/10.1021/acs.chemrev.0c01088

