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Abstract: Geometric and electronic structures and oxygen ion migrations of CaO or BaO and Sm,0; co-doped
Ce0, systems were studied using a GGA+U method. The calculated results showed that the BaSmCesQOg; structure
in which Ba and Sm were close to the oxygen vacancy was the most stable, and the CaSmCe;Os; structure was
the most stable when Sm was close to the oxygen vacancy and Ca was far from it. There was no the valence
change of Ce* in the CaSmCe30g and BaSmCeyOg systems. In the CaSmCes Qg system the order for migration
energies of the six oxygen ions to oxygen vacancy, K, (3—V)<E, (1—V)<E, (4—V)<E, (2—V), was obtained, which
was due to the repulsion interaction between the oxygen ion and the negative potential induced from the doping

of dopants with the low valence. In the CaSmCe;Qs system the order for migration energies of the oxygen
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vacancy to six oxygen ions, K, (V—23)<E, (V—5)<E, (V—1), was obtained, which was due to the attractive

interaction between the positive potential induced from oxygen vacancy and the negative potential induced from

the doping of dopants with the low valence. In addition, the smallest migration energy of the CaSmCesOg system

was smaller than that of the SmCe;Og; system, in agreement with the fact that the ion conductivity of the CeO,-

Sm,0;-Ca0 system was higher than that of the CeO,-Sm,0; system in experiment.

Keywords: cerium dioxide; dope; electronic structure; oxygen ion migration; first principle
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Fig.1 Geometric structure of the BaSmCe30g; or CaSm
Cey0Og system, and M1, M2, M3, M4 and M5

note doped sites of Ca’* or Ba’*; spheres with

dark color note O atoms, ones with light color
note Ce atoms, and there are similar notation in

the following figures
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Oxygen lon vacancy is noted as V; Arrow directions indicate moving ones of atoms after the optimization

52 BaSmCesOg (a) ! CaSmCeyOg (bR F 5 AL 1Y I A2 5 LA #4) Y
Fig.2 Most stable geometric structure of the BaSmCe3Og (a) and CaSmCesOg (b) systems
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Fig.4 Electron density distribution for the BaSmCe3Og; (a) and CaSmCe;Og; (b) systems
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Fig.5 Possible migration routes and corresponding energies for the BaSmCe3Og (a) and CaSmCe;Og; (b) systems
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Table 1 Migration energies (E,,) of oxygen ions for the BaSmCe;Og and CaSmCe; O systems

Systems Migration modes E./leV Migration modes E,/leV
BaSmCe30g 3-V 4.20 V—3 2.04
5-V 3.40 V—35 3.40
1-V 3.96 V—1 3.71
CaSmCe30g 3V 0.30 V—3 3.48
1-V 0.63 V—1 3.60
2V 1.32 V—2 1.32
4—V 0.92 V—4 3.71
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