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Abstract

The first-principles method based on density functional theory (DFT) was used to study oxygen
vacancy formation and migration energy of Lag.oSro.1GaosMgo203:-5 (LSGM) with different crystal
symmetry (cubic, rhombohedral, orthogonal and monoclinic structures). The results show that the
cubic LSGM has the smallest oxygen vacancy formation energy and migration barrier, while LSGMs
with the other three structures have larger vacancy formation energy and migration barrier,
which means that in LSGM systems with four different crystal structure, the cubic LSGM has the
best oxygen ion conductivity. The calculation results in this paper can not only explain the differ-
ence in oxygen ion conductivity observed in the experiment in the LSGM systems with different
crystal symmetry, but also predict the most ideal crystal structure in the application of solid oxide
fuel cell electrolyte to a certain extent.
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Figure 1. Ball-and-stick primitive cell models of LSGMs with different crystal symmetries (the grey, white and black
spheres represent La/Sr, Ga/Mg and O ions, respectively): (a) C-LSGM ( Pm3m ); (b) R-LSGM (R3c); (c) O-LSGM (Imma);
(d) M-LSGM (12/a)
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(b) R-LSGM (R3¢); (c) O-LSGM (Imma); (d) M-LSGM (12/a)
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Table 1. Calculated and experimental structural parameters of cubic, rhombohedral, orthorhombic and monoclinic LSGM
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Oxygen Vacancies in LSGMs
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Figure 2. Calculated vacancy formation energies (£;) of LSGMs with respect to the calculated energy (1/2)E, for an oxygen
atom in the molecule. C-O and R-O corresponds to oxygen vacancy in cubic and rhombohedral LSGM, respectively. O-Oy,
0-0,, M-0, and M-O, correspond to oxygen vacancy at O, or O, site in orthorhombic and monoclinic LSGM, respectively
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Figure 3. Calculated vacancy migration energies (E£,) of LSGMs along different migration pathways, C-O-O and R-O-O
corresponds to the migration pathways of oxygen vacancy between two neighboring oxygen sites in cubic and rhombohedral
LSGM, respectively. O-0;-O,, 0-0,-0,, M-0;-0, and M-0,-O, correspond to the migration pathways of oxygen vacancy
between neighboring O; and O, sites or two O, sites in orthorhombic and monoclinic LSGM, respectively
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