Evolution of Cyclodextrin-based Nanosponges: Green and Versatile Materials
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The design of sustainable chemicals and chemical processes is considered a central topic to control
environmental hazards and pollution. Cyclodextrin-based nanosponges (CD-NSs) are highly
promising nanocarriers, valued for their biocompatibility and versatility, which has led to significant
research and application in various fields. CD-NSs are successfully synthesized through a simple
approach by reacting cyclodextrin (CD) unit with appropriate multifunctional cross-linking agent
under specific various synthetic conditions. Over the years (Figure 1), CD-NSs have evolved from
simple reaction processes to more advanced methodologies, including functionalized CD-NSs,
stimuli-responsive CD-NSs, and molecularly imprinted CD-NSs. Numerous surveys have highlighted
a significant shift toward greener synthetic approaches for CD-NSs, such as using water as a solvent,
natural deep eutectic solvents (NADES), or mechanochemistry (solvent-free synthesis). These
nanocarriers exhibit remarkable properties to enhance the solubility, bioavailability, and stability of
various compounds, making them ideal candidates for drug, protein, gene, natural compounds, and
gas delivery. The versatility of CD-NSs extends beyond healthcare, impacting fields such as
chemistry, environment, agriculture, cosmetics, biotechnology, batteries, and additives for the
preparation of mixed matrix membranes for gas separation [1, 2, 3, 4, 5].

The synthesis, characterization, and application of CD-NSs demonstrate their immense potential to
address the current century challenges by reducing toxicity and advancing industrial processes.
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Figure 1: Timeline of the historical development of cyclodextrin-based nanosponges (CD-NSs).
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