“Flow Synthesis Meets Crystallography: Understanding How Material Formation Shapes Spin Crossover Properties”
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The increasing global demand for cooling technologies represents a major environmental challenge. Recent reports indicate that refrigeration systems account for up to 20% of global electricity consumption and approximately 7.5% of total CO₂ emissions, arising from both energy use and refrigerant leakage [1]. In this context, the development of alternative solid-state cooling technologies is crucial to reduce the environmental impact of current vapor-compression systems. Among emerging solutions, barocaloric cooling based on mechanocaloric effects [2] has attracted significant attention. Spin crossover (SCO) materials [3], in particular, exhibit large and reversible entropy changes associated with electronic transitions under external stimuli such as temperature or pressure. Their strong coupling between structural, electronic and thermodynamic properties, combined with sensitivity to relatively low pressures, makes them promising candidates for next-generation cooling devices [4].
However, a major limitation for their technological implementation lies in their synthesis, processing and scale-up. SCO materials are typically obtained as polycrystalline powders through batch precipitation, where the final phase, crystallinity, morphology and particle size can be highly sensitive to the synthesis conditions. Since these structural and microstructural characteristics are directly related to the functional properties of SCO materials, controlling their formation is essential [5].
In this work, continuous-flow chemistry is explored as a strategy to improve the control and reproducibility of SCO material synthesis. Flow processes enable precise control over parameters such as mixing, residence time, concentration and temperature, providing a means to modify the formation history of the material and its resulting properties [6]. In particular, controlling mixing and residence time offers opportunities to influence nucleation and crystal growth, and consequently the crystallinity and particle characteristics of the resulting powders. 
[bookmark: _Hlk241766927]In this context, crystallographic characterization is essential for establishing phase control in the synthesized powders. Powder X-ray diffraction provides a key means of identifying the crystalline phases obtained under different synthesis conditions and of assessing their structural evolution. It therefore provides an essential link between the processing conditions and the final material. The present work investigates the relationship between continuous-flow synthesis, crystallographic characteristics and the properties of SCO powders, with the aim of developing a controlled and scalable synthesis strategy for spin crossover materials towards their integration into solid-state cooling technologies [7].
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