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Multifunctional chemical platforms based on magnetic and luminescent core@multishell nanohybrids for biomedical
applications’. Advanced magnetic properties and cellular imaging capabilities. Lanthanide(lll)-based near-infrared
excitation that minimizes autofluorescence and cellular damage?.

Abstract

The advancement in the development of multifunctional nanomaterials has driven new approaches for tumor diagnosis
and treatment, integrating bioimaging and magnetic properties. Among these approaches, multifunctional chemical
platforms stand out by incorporating different properties within a single material, enabling simultaneous applications in
therapy and diagnosis. These platforms are highly relevant today, as they offer more effective and less invasive solutions
for various medical conditions, promoting greater selectivity and efficiency in treatments™2. Furthermore, their versatility
allows adaptations according to therapeutic needs, making them promising tools in biomedical nanotechnology. In this
context, series of hybrid magnetic and luminescent core@multishell systems contain rare-earth ions (RE) were
synthesized, to optimize their chemical, magnetic, and luminescent properties for biomedical applications. The materials
consist of FesO4 nanoparticles (core) coated with a Y203:RE3* layer (RE3* = Tm3*, Yb3*), followed by a second shell of
dense silica functionalized with carboxylate groups. This surface enables the anchoring of luminescent complexes
[TR(B-diketonate)s] (TR3* = Eu®*), tunning their optical properties. The choice was for the Yb3*/Tm3* pair to induce the
upconversion phenomenon based on near-infrared (NIR) excitation. This reduces autofluorescence and cellular
damage, thereby enabling more efficient imaging. The formation of the target phases was confirmed by X-ray diffraction.
Vibrational infrared spectroscopy highlighted metal-oxygen bonds (v(Y-O) and v(Fe-0)), as well as interactions with
silanol groups and Si—O-Si linkages. A preliminary study confirms that all the synthesized structures satisfactorily
respond to an external magnetic field. Luminescence analyses revealed characteristic excitation and emission spectra
of Eu®*, confirming the efficiency of the organic ligand in sensitizing this ion via the well-known "antenna effect". In the
Fes04@Y203:Yb3, Tm3*@SiO:2 with luminescent europium complex anchored on the silica surface, excitation with a 980
nm laser resulted in the Tm3* upconversion emission with bands at 450—-480 nm ('Gs4—3Hs), and 650 nm ('G4—3F4). The
presence of Yb%* enhanced Tm3* emission, demonstrating its role in sensitizing Tm3* upconversion and validating the
proposed material architecture. The obtained results highlight the feasibility of the synthesized nanohybrids for
innovative biomedical applications, combining cellular imaging and magnetic properties within a single platform.
Emission in the UV region enables subsequent excitation of Eu3* complexes, expanding the potential for simultaneous
therapeutic and diagnostic applications. These advances further emphasize the significance of materials engineering in
the development of multifunctional nanoplatforms for oncology.
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