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Cerium, praseodymium, and terbium stand out among other rare-earth systems because they exhibit two possible oxidation states that produce a series of anion deficient phases
that are fluorite-related and have a generic formula Ln,0,,.,. Since the seminal works of Eyring, and the valuable contributions of many other scientists, many of the occurring
phases were determined using scattering techniques. It was then possible to propose a paradigm for the particular oxygen vacancy order that is observed in most of these phases
We would like to discuss how the structural characteristics of these systems can affect their radiation tolerance. In this contribution, we analyze using Bader’s analysis the charge
density and the chemical bonds of the A-type, B-type, and the 1 phase, which corresponds to the generic compound formula with n=7. Then we try to correlate these results with
irradiation experiments on simple lanthanide oxides and with the behavior of the broad family of & phases that are pseudo-binary compounds with generic formulas A¢BO;, or
&6\483012 that share many structural features. /
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As d-electrons in many transition-metal oxides, the f-electrons play an important role for the
transport properties in rare-earth oxides. We investigate how the local environments change the

charge density in various reference structures. It is common belief (e.g. CeO,) that in LnO, 4 valence Topologigal charges and bond strength [3]

electrons nominally leave the lanthanide atoms and transfer into the p-bands of two oxygen atoms

while in Ln,0; f-electron localization occurs. The O vacancy formation process involves the 0.28 ! ' ‘ ' '
localization of 2 electrons into f-level traps onto two lanthanide atoms. This implies a strong & 026 3 gg 1
correlation between formation, migration, and ordering of virtual Ln"-vacancy complexes [1,2]. Results of the AIM Bader S 024} o e 83 )
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configurations (Eu' can reduce, Nd"' cannot, and Mn is a compound with only d-states) still leave this 2.55 2.60 2.65 2.70 2.75 280 2.85

) ) .. Distance (A
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Larger charges at the BCPs are representative of shared contributions among

the atoms.
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rearrangement of the anion sublattice as the
diffusion barriers are known to be low.
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On the other hand, ordered 8 phase structures (REgBY'O4,) can experience higher migration entalpies || The predicted strength of the 7th bond (and of all bonds) is significantly
\@ause of the cation selectivity and this justifies the easy amorphization of these compounds [6]. / weaker in Th-based compounds. /
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