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Abstract:  Perovskite materials have garnered considerable attention for their exceptional electronic 

and optical properties, positioning them as promising candidates for diverse optoelectronic 

applications. However, the conventional batch-wise synthesis methods often struggle with limitations 

in control over reaction conditions, scalability, and reproducibility. Addressing these challenges, we 

propose a novel approach for the synthesis of defect-free single crystal perovskites using continuous-

flow reactors fabricated via 3D printing technology. Our methodology leverages the advantages of 

continuous-flow platforms to overcome the shortcomings of batch protocols. By digitally designing 

reactors and employing low-cost stereolithography with commercially available resins, we establish 

tailored continuous-flow platforms for the synthesis of lead halide perovskites. The reactor chambers 

are meticulously crafted to enable the controlled, continuous addition of reagents, thereby ensuring 

consistent concentrations within the reactor. Through a combination of residence time distribution 

(RTD) and computational fluid dynamics (CFD) experiments, we optimize the reaction chamber 

design to achieve precise control over reactant concentrations, reaction times, and temperature 

profiles. This optimization process facilitates the synthesis of high-quality perovskite crystals with 

reproducibility and scalability. Our experimental results demonstrate the successful synthesis of high-

quality single crystal perovskites under both seeding and seedless conditions. The obtained crystals 

exhibit excellent photoluminescence properties and optimal optoelectronic responses, surpassing 

those achieved through conventional batch synthesis methods. Moreover, our continuous-flow 

approach yields perovskite crystals with lower surface roughness compared to analogous batch 

synthesis conditions, showcasing the effectiveness and potential of this innovative technology in 

advancing perovskite materials for optoelectronic applications.[1] 
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