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Introduction
Hydrogels are soft materials composed of crosslinked polymer chains that form a network capable of

absorbing significant quantities of water. Despite containing up to 90% water in some cases, hydrogels do
not dissolve because chemical or physical crosslinks hold the polymer chains together. Their structure
resembles that of natural biological tissues, which makes them especially attractive for biomedical
applications.The behavior of hydrogels is largely governed by crosslinking density and polymer
composition. Chemical crosslinking forms covalent bonds between polymer chains, creating stable and
permanent networks. Physical crosslinking, in contrast, relies on weaker interactions such as hydrogen
bonding or ionic interactions. The degree of crosslinking determines mechanical strength, swelling
capacity, and diffusion properties [1].swelling is one of the most distinctive properties of hydrogels. When
placed in water or biological fluids, hydrogels absorb liquid and expand due to osmotic forces. The extent

of swelling depends on polymer chemistry, crosslink density, and environmental conditions such as pH
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and temperature. This swelling behavior is particularly useful in controlled drug delivery systems, where
gradual release of therapeutic agents is required [2].Hydrogels are widely used in tissue engineering
because their high water content and soft mechanical properties resemble those of natural extracellular
matrices. They can serve as scaffolds that support cell attachment, proliferation, and differentiation. By
incorporating bioactive molecules or growth factors, hydrogels can enhance tissue regeneration and
healing processes [3].Responsive or “smart” hydrogels have gained significant attention in recent years.
These materials change their volume or properties in response to external stimuli such as temperature, pH,
or electric fields. For example, temperature-sensitive hydrogels can undergo reversible phase transitions,
making them suitable for injectable biomedical applications [4].Beyond biomedical uses, hydrogels are
applied in agriculture for water retention, in hygiene products, and in environmental remediation for
absorbing pollutants. Advances in nanocomposite hydrogels and biodegradable formulations are
expanding their performance and sustainability [5].

Conclusion

Hydrogels represent a versatile and adaptable class of materials with applications spanning medicine,
environmental science, and industry. By controlling polymer structure and crosslinking, scientists can tailor
mechanical strength, swelling behavior, and responsiveness to meet specific needs. Hydrogels demonstrate that
materials do not need to be rigid to be useful—sometimes the most valuable structures are soft, water-filled

networks that quietly mimic the flexibility and resilience of living systems.
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