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Abstract

Metal halide perovskites (MHPs) have emerged as a highly versatile materials platform for photovoltaics and next generation
optoelectronics. Their rapid development is driven by an exceptional combination of properties, including bandgap tunability, strong
optical absorption, long charge-carrier diffusion lengths, and high charge carrier mobilities, alongside compatibility with low-cost
and scalable processing. Despite this promise, the sustainable manufacture of MHP-based devices remains limited by processing
routes that often depend on toxic or environmentally hazardous solvents, complex multi-solvent systems, and thermal annealing
steps to achieve the desired crystalline phases. Addressing these limitations is essential if MHP technologies are to move towards
scalable, low-impact manufacturing.

In this talk, I will present an overview of recent strategies developed in our laboratory that fundamentally reimagine how MHP thin
films, nanocrystals, and single crystals are made. At the heart of our approach is a breakthrough water-based solvent system that
enables the ambient, room-temperature synthesis of size-tuneable, compositionally controlled CsPbBrs nanocrystals no toxic
solvents, no thermal annealing, no compromise.l The resulting nanocrystals achieve photoluminescence quantum yields exceeding
60%, and through post-synthetic anion exchange, we unlock access to the full CsPbX3 family (X = Cl, Br, 1), with emission
continuously tuneable across 450-660 nm. But perhaps most excitingly, we demonstrate that these same solvent systems can be
harnessed to recover and recycle MHP thin films, enabling the fabrication of efficient devices from reclaimed perovskite materials
a compelling proof-of-concept for truly circular, sustainable MHP manufacturing.

Together, these advances chart a scalable, low-cost, and greener pathway to high-performance MHP nanomaterials with precisely
controlled optical properties, bringing the vision of environmentally responsible next generation optoelectronics meaningfully closer
to reality.
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