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My interest in looking for connections between photoelectrodes and ferroics arose from thinking about semiconductor electrodes of use in photoelectrochemical cells such as titanates (such as SrTiO3), tantalates (such as KTaO3) and niobates (such as K4Nb6O17) that work well in the UV. The HOMO (top of valence band and a measure of oxidizing power) in these d0 systems [cations such as Ti4+, Nb5+ and Ta5+ (formal charge)], is composed of energy levels due to oxygen 2p to metal d orbital transition, whereas the LUMO (bottom of conduction band and a measure of reducing power), usually consists of metal d orbitals [1]. I was also intrigued by work from Domen and Arakawa [1,2] where substitution of electronegative oxygen for so called “soft anions” such as nitrogen and sulfur was pursued as an option for discovering water splitting photocatalysts in the visible wavelength region, often with “sacrificial reagents” such as CH3OH and AgNO3 that serve as substitutes for water splitting. The “soft anion” substitutions were based on the premise of hybridization of the Oxygen 2p orbitals with Nitrogen 2p or Sulfur 3p. Domen [1] did DFT calculations to show that the top of the valence band arises due to Oxygen 2p to Metal d orbital transition and “soft anions”, possibly substitute for oxygen sites, leading to a higher energy levels than corresponding oxides, leaving the bottom of the conduction band unchanged. A logical extension of the work seemed to suggest cation substitution, replacing Sr partially or fully with Ca and/or Ba and K with Na and/or Li. I found it interesting that similar thinking exists among folk looking for ferroics [3] as a student in a Crystal Anisotropy class at PennState [4]. 

Postulates for connecting the dots

· Compositions of interest in ferroics are interesting candidates as photoelectrodes.

· Dipole selection rule for ferroics and photoelectrodes are the same.

· Increased covalency into ionic bonds by addition of “soft anions” increase figure of merit in photoelectrodes and ferroics [3,5].

· Splitting of metal and ligand energy levels in presence of light to move metal d orbitals to the visible energy range and ligand fields to the UV energy range for photoelectrodes using visible light, in direct analogy to molecular systems. I am searching for an equivalent analogy to ferroics. 

Using the “hard & soft” acid/base concepts, we can speculate that metal sulfides are interesting candidates for hydrogen evolution and metal oxides are interesting candidates for oxygen evolution.  
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