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Abstract: Transition metal (TM) activators have been widely studied for their extraordinary optoelectronic proper-
ties and great potential application in near-infrared luminescence or persistent luminescence, infrared laser, phos-
phor-converted white light-emitting diodes, luminescence thermometry and so on. However, due to the multiple va-
lence states and multiple site occupancies, and the strongly local-environment-dependent optical properties, it is
challenging to determine the sites and valences of the luminescent center, to decipher the luminescent mechanisms
and to predict the photoluminescence properties of TM activators in solids. Here, first-principles calculations have
been performed to study the thermodynamic and optical properties of TM ions in solids. The defect formation energies
are calculated to analyze the effects of intrinsic defects and the site occupancies, valence states, distribution and con-
centration of TM ions in host. The local environment dependent luminescence is analyzed by calculating the excited-
state energy levels of TM activators in various lattice environment. The configuration coordinate diagrams are con-

structed to analyze the excitation, relaxation and emission processes. Then, a theoretical scheme is proposed to regulate
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the site-occupancy, valence states and optical transitions of TM ions in solids via tuning the sintering atmosphere, co-
existence conditions, and especially co-doping impurities. We select several typical systems to show the rationality
and effectiveness of first-principles calculations, which include the mechanisms of residual infrared absorption in Ti:
Al,O5 crystal and the method of mitigating or eliminating the infrared absorption, the site occupancies and optical
transitions of Mn® , Mn™, Mn" in typical spinel and garnet hosts, the site occupancies, valence states and optical

sax

transitions of Cr’™ ions in oxide compounds. The results show that first-principles calculations form effective ap-

proaches for elucidating the multi-site and multi-valence nature of TM ions in solids and predicting their optical tran-

sitions, which are beneficial for the rational design and optimization of related optical materials.
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Fig.1 (a)Primitive cell of the spinel ZnGa,0, crystal, which
consists of [Zn04] tetrahedrons and [Caoé] octahe-
drons. (b) Formation energies of intrinsic defects and
Mn impurities as a function of Fermi energy under the
condition of moderate oxygen and the equal distribu-

tion of the formation enthalpy to raw materials'*®’.
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Fig.3 (a) Partial charge density distribution of the highest
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atmosphere condition Au, = —0.5 eV, and the hollow rhombus is under the reducing atmosphere condition Au, = =2.5eV.
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