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Nanoscale materials are of interest not only from a scientific point of view, opening up new insights into the study of physics, chemistry, biology, and fundamental processes, but also from the point of view of practical application.

ReF3 nanoparticles activated with rare earth ions have proven to be highly sensitive temperature sensors, scintillators, and MRI and CT contrast agents, which is increasingly being used in fundamental biology to study cellular processes. The process of targeted delivery of such nanoparticles is associated with their agglomeration by organic functional groups (antibodies, photosensitizers, other molecular complexes) and the creation of organic-inorganic complexes. The effectiveness of the action and stability of existing complexes in physiological fluids is far from perfect. Therefore, the development of new approaches, the selection of relevant materials (for example, organic coatings such as PEG, PEI, chlorine, etc.), as well as the modeling of certain processes (self-assembly and chemical reaction kinetics), is an urgent task. One of the main goals of this work is to study the kinetics of a chemical reaction and the formation of nanoparticles in real time using nuclear magnetic resonance methods, with a further attempt to build a physical model for the synthesis of rare earth fluorides. 

This work introduces real-time ¹H NMR monitoring of fluoride nanoparticle formation directly within a capillary system, in different magnetic field. The selection of analytical methods for in-process monitoring (TEM, FRET, DLS, XRD, NMR, UV spectroscopy) should account for their limitations, tailored to specific goals, material properties, and process dynamics – especially critical for magnetic nanoparticles susceptible to agglomeration and self-assembly.

Focusing on DyF₃ nanoparticles, we examined how hydrothermal synthesis (classical autoclave vs. microwave irradiation) influences their r2 transverse relaxivity in colloidal solutions. T2 relaxation times were measured via ¹H NMR for various nanoparticle concentrations at 0.6, 3.65, and 9.4 T. Critically, autoclave processing yielded the maximum relaxation rate enhancement, outperforming both microwave-treated and untreated samples. From this data, we determined the field-dependent optimal sizes for DyF₃ nanoparticles to function effectively as MRI contrast agents.
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