In-situ Solvent Conversion: New Universal Strategy of 3D and 2D Hybrid Perovskites Single Crystals Growth
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Hybrid halide perovskites (HHPs) are a rapidly developing class of semiconducting materials demonstrating unique physical properties. The best characteristics of HHPs, such as the highest optical absorption, the longest carrier lifetime, the lowest trap-state-density and the largest carrier mobility are exhibited for single-crystalline materials. However, their implementation for state-of-art high-performing photovoltaic and optoelectronic devices is constrained by shortcomings of the existing crystal growth techniques. A recently developed rapid crystal growth process by inverse temperature crystallization approach [1] led to a breakthrough in the manufacturing and studying of the properties of 3D hybrid perovskite. However, this approach is not applicable to growth of layered (2D) halide perovskites, highly demanded nowadays.

In the present paper, we propose for the first time an utterly new high-yield technologically relevant approach for HHPs of different compositions and dimensionality single crystal growth. The new crystallization process is fundamentally different from the existing methods by its unique chemical nature of saturation generation owing to a new type of “fugitive” solvent systems characterizing by gradual chemical conversion of the initial mixture of good solvents into non-solvent. In such systems, the solubility of dissolved compound gradually decreases with increasing the products-to-reagents of converting initial solvents into resulting products. This allows easily to grow single crystals within several hours by simply keeping the solution at constant temperature without any heating/cooling or low-pressure evaporation steps or application of antisolvents.

We demonstrate the representative example of the “fugitive” solvent system – a mixture of a cyclic carbonate ester (ethylene carbonate or propylene carbonate) and an aqueous acid solution (HI, HBr) characterized by hydrolytic decay of cyclic carbonate ester and formation of glycol not dissolving perovskite. Using this fugitive solvent system, the representatives of all families of perovskite-like compounds were successfully obtained under almost the same mild conditions. In particular we successfully grow high-quality single crystals of both 3D hybrid perovskites APbX3 (where A – methylammonium (MA+) or formamidimium (FA+): X = Br, I) with pure and mixed compositions, layered (2D) perovskites (BA)2(MA)n‑1PbnI3n+1 (n = 1, 2, 3, 4), and also Bi-based counterpart, such as MA3Bi2I9 and (NH4)3Bi2I9. Growth of well-shaped several-millimeter sized and even larger single crystals of 3D or 2D perovskites took only 3-8 hours of keeping solution at a moderate temperature which made the whole crystallization process uniquely facile.

The proposed new approach does not have any specific technical requirements other than simple temperature control; it is free of toxic, highly corrosive solvents and poses the high yield of single crystals, reaching 90%.
We believe that this new crystallization strategy will be of great interest for the broad scientific audience from both fundamental, as utterly new crystallization method, and from a practical point of view, opening great opportunities to produce easily high quality single crystals of various hybrid perovskites for research and technical applications.
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