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Abstract: Metastable semiconductors have been discovered in many chemical 

systems that have desirable properties for driving fuel-producing redox reactions 

from sunlight, including broad visible-light absorption, optimal band edge energies, 

defect tolerance, and functional carrier mobilities. These photoelectrochemical 

properties have frequently been found to stem from their metastable nature, e.g., 

specific features in their crystalline structures and/or compositions lead to being 

thermodynamically unstable with respect to phase segregation.  Recent results will 

be presented on mixed-metal oxides and carbon nitrides that demonstrate new flux-

mediated syntheses and kinetic stabilization in this growing class of semiconductor 

systems.1-3 Their syntheses have been achieved by reactions that leverage the 

exothermic formation of stable salt side products as well as shortened reaction 

diffusion pathways and low reaction temperatures.  Kinetic stabilization of the 

products has also been enhanced via the application of a) high cohesive energies of 

an underlying substructure that is maintained during the reaction, and b) solid 

solution compositions which help to inhibit phase segregation while also providing 

for percolation pathways.  These approaches have yielded, e.g., the first known 

Sn(II)-perovskites that are isoelectronic to widely commercialized Pb(II)-containing 

piezoelectrics.  Photocatalytic properties in these systems will primarily be described 

for light-driven H2O and CO2 reduction as polycrystalline films and as suspended 

powders when in aqueous solutions under ultraviolet and visible-light irradiation. 
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