Excitons and optical absorption of interstitial anions in a nano-porous complex oxide 12CaO ( 7Al2O3
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A novel complex oxide 12CaO·7Al2O3 (C12A7) has an unusual structure, which comprises a positively charged framework of 12 nano-sized cages per cubic unit cell compensated by extra-framework O2– ions, which can be considered as a disordered sublattice, located in every sixth cage. It has been demonstrated that extra-framework O2– ions can be replaced by other species including, but not limited to, H–, O– and e– present at concentrations of up to 2(1021 cm–3 [1,2]. Relative concentrations of extra-framework species determine many exciting properties of C12A7. For example, recent experimental studies have demonstrated that stoichiometric C12A7 can sustain a significant radiation dose (up to 600 dpa) induced by bombardment with energetic Ar+, Xe+ or Au+ ions without apparent damage of the lattice structure. C12A7 containing extra-framework H– ions can be converted from an insulator to a transparent conductor via irradiation with UV light, while extra-framework Au– exhibit photo-luminescence (PL) not associated with intra-atomic transitions. 

In this contribution we employ a combination of classical Molecular Dynamics simulations and ab initio embedded cluster and periodic calculations to reveal the nature of excitons and excited states of several extra-framework species in C12A7. We demonstrate that electron-hole pairs induced by electronic excitations relax so as the holes become trapped on the extra-framework O2– ions, while the electrons occupy states at the bottom of the narrow conduction band formed by s-like states associated with empty cages. The electrons and holes comprise excitons, which recombine via non-radiative charge transfer transitions without formation of framework defects. UV-irradiation of extra-framework H– results in their photo-ionization and formation of H0 atoms and extra-framework electrons, which makes the material conductive. Au+ ion implantation leads to formation of Au– ions incorporated into the C12A7 lattice accompanied by conversion of some of the extra-framework O2– ions into O– ions and formation of two new PL bands. Studies of this novel and poorly understood material provide a deeper insight into radiation effects in complex oxides and modifications of materials properties using electronic excitations.
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