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Abstract: Silica nanoparticles, including compact and mesoporous architectures, provide a versatile and
biocompatible platform for biomedical and technological applications. Their tunable structural and chemical
properties enable precise control over size, morphology, and surface chemistry, facilitating the design of
multifunctional systems for drug delivery, imaging, and theranostics.

We have employed compact silica nanoparticles as solid cores in hybrid nanostructures, incorporating functional
elements such as luminescent, plasmonic and magnetic nanocrystals.* Additionally, we engineered mesoporous
silica nanostructures (MSNs) with high surface area, tunable morphology, and large pore volumes to encapsulate
therapeutic molecules and functional nanoparticles.® Functionalization of the silica surface with targeting ligands
was implemented to achieve precise cellular and subcellular delivery, thereby enhancing the multifunctionality of
MSNs through integration of diagnostic, therapeutic, and targeting capabilities within a single nanocarrier.**
Stimuli-responsive features significantly expand the versatility of silica platforms. For example, we developed
core@shell SiO,@MSNs engineered for pH-triggered drug release and targeted colorectal cancer therapy, which also
incorporated imaging agents. Similar core@shell structures containing photothermal components showed
antimicrobial activity under near-infrared light.®* Moreover, we adapted both SiO,@MSNs and hollow MSNs as gene
delivery vectors, observing excellent colloidal stability and in vitro biocompatibility.

Our development of these nanomaterials relied on precise control of synthetic parameters to tailor size, porosity,
and stability for optimal cellular uptake. Integrated physicochemical characterization offered crucial insights that
guided the rational refinement of their biomedical performance. This presentation will showcase our materials-by-
design strategy, demonstrating how meticulous synthesis, functionalization, and comprehensive characterization
come together to create multifunctional silica nanoplatforms. We will discuss selected case studies from our work
highlighting the versatile potential of silica nanotechnology in biomedical research.
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