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We have been studying exotic semiconductor systems with a focus on mixed-anion compounds with 
experimentally challenging anions, such as phosphosulfides, phosphotellurides, and sulfonitrides1. Previous 
reports of thin-film synthesis in these exotic systems are essentially non-existent. This lack of experimental 
studies is unfortunate, because these material families have a remarkable degree of chemical diversity that 
could enable exciting applications in photovoltaics, photoelectrochemistry, and beyond 2. 

Aided by a combinatorial, multi-technique thin-film deposition setup, we have now synthesized 25,000 
unique samples from these exotic systems 3, including several single-phase semiconductors not reported 
before as thin films, with clear potential for PV, PEC, or as transparent conductors. Detailed growth and 
characterization data from many of these samples is already publicly available at 
https://nomad.nanolab.dtu.dk/nomad-oasis/gui/search/combinatorial-samples. 

In this seminar, I will reflect on the properties of the synthesized materials, the lessons learned from these 
accelerated materials discovery campaigns, and broad cross-chemistry trends in synthesizability and 
properties enabled by the large volumes of collected data. The synthesized materials include: the Cu3PS4 
thiophosphate with many similarities to CIGS but lower growth temperature4; the BaP4Te2 
phosphotelluride with ideal properties as a top absorber for tandem PV; the Zr2N2S sulfonitride showing 
promise both as a p-type transparent conductor and as a light-trapping layer in solar cells5; the BaZrS3 
perovskite featuring photoluminescence and photoconductivity at low growth temperatures6; and the 
defect-tolerant BaCd2P2 Zintl phase recently discovered by computational methods but that had so far 
eluded thin-film synthesis. 
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