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The real-time monitoring of the formation of fluoride nanoparticles in capillary system using 1H NMR up to 9.4 T will be presented.

To obtain nanoparticles with predefined parameters requires precise real-time control over synthesis parameters. Common analytical methods for in-process monitoring include transmission electron microscopy (TEM), fluorescence resonance energy transfer (FRET), dynamic light scattering (DLS), X-ray diffraction (XRD), nuclear magnetic resonance (NMR), and ultraviolet (UV) spectroscopy. However, each technique has inherent limitations, necessitating careful selection based on experimental goals, material properties, and process conditions.  

Previous research has largely examined slow chemical transformations and nanoparticle nucleation dynamics [1, 2]. Traditional approaches, such as reagent drip-feed systems or microfluidic reactors, present difficulties in NMR data collection due to rapid signal decay. In contrast, coprecipitation in colloidal solutions proceeds nearly instantaneously, making NMR relaxometry challenging for studying nucleation, growth, and colloidal stability – primarily due to ultrashort relaxation times. To mitigate this, viscous environments are employed to decelerate reaction kinetics [3].  
The development of simple and universal methods for monitoring nanoparticle formation processes remains an important scientific task, since this is crucial for obtaining new nanostructures with the desired morphology and functionality. In this paper, an in situ method is proposed for quantifying in real time the processes of nucleation and growth of nanocrystals, determining their concentration and kinetics of reagent consumption.  Using the example of the formation of dysprosium fluoride (DyF3) nanoparticles in a capillary system, it is shown that 1H NMR spectroscopy makes it possible to track these processes without disrupting the reaction. The analysis of chemical shifts of water protons provides detailed information on the formation of nanoparticles under controlled diffusion conditions. The proposed method makes it possible to study in detail the course of chemical reactions and processes affecting the formation of nanoparticles.
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