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Mechanochemistry has emerged as a powerful approach for sustainable materials synthesis and
processing, with significant potential to meet the UN Sustainable Development Goals.! This presen-
tation will highlight our recent advancements in understanding, monitoring, and scaling-up mecha-
nochemical transformations, focusing on the balance between fundamental understanding of reac-
tion mechanisms and its practical applications in energy storage and energy transfer materials.

Our research has made significant strides in elucidating the fundamental mechanisms of mechano-
chemical reactions. We have investigated delayed polymorphism under mechanochemical condi-
tions, revealing new insights into the interplay between mechanical impact, thermal effects, and
structural transformations in molecular crystals.2 By employing variable temperature ball milling,
we have demonstrated unprecedented control over polymorphic forms in organic cocrystals, open-
ing new avenues for tailoring material properties.

A central focus of our work has been the development and application of time-resolved in situ mon-
itoring techniques for mechanochemical processes.* Our research on real-time synchrotron X-ray
diffraction has enabled unprecedented insights into reaction pathways and kinetics. Recently, we
have successfully applied energy-dispersive X-ray diffraction for time-resolved in situ monitoring of
reactive extrusion, marking a significant step towards ‘lighting up’ industrial-scale mechanochemis-
try.>

Bridging fundamental understanding with practical applications, we have explored the mechano-
chemical synthesis of functional materials for energy storage and transfer, making process in the
mechanochemical synthesis of highly proton-conductive metal phosphonates, demonstrating the
potential of mechanochemistry to manufacture advanced materials for energy applications.® Ad-
dressing the challenges of industrial scale-up, we have investigated the role of solvent polarity in
mechanochemical reactions, providing valuable guidance for optimizing organic syntheses such as
the Knoevenagel condensation.” This work contributes to our broader efforts to develop more effi-
cient and sustainable chemical manufacturing processes.

Looking to the future, we will discuss emerging directions in mechanochemistry, including the de-
velopment of continuous flow processes and the integration of machine learning approaches for
reaction prediction and optimization. As we anticipate the next decade of research, we envision
mechanochemistry playing an increasingly crucial role in sustainable chemical manufacturing and
materials processing, with far-reaching implications for addressing global energy and environmen-
tal challenges.
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