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Table S1 Buckingham type potential parameters used for this project.

Interaction Ai j /eV ρi j /Å Ci j /eVÅ
6

lit.
La3+–O2 – 1516.3 0.3525 0.0 1

Sr2+–O2 – 774.2 0.3538 0.0 1

Fe3+–O2 – 1156.36 0.3299 0.0 2

O2 – –O2 – 22764.3 0.1490 43.0 1
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Fig. S1 Mean-squared displacement of oxygen ions ⟨r2
O⟩ obtained as a function of time from MD simulations of LSF10, nv = 1.66%. Results shown for

various temperatures 1000 < T K < 3000; two simulations with different random initial kinetic energy distributions were carried out at each temperature.
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Fig. S2 Oxygen-vacancy diffusion coefficients Dv as a function of inverse temperature for (a) LSF10 and (b) LSF40: A, this study (orthorhombic); B,
this study (cubic); C, oxygen vacancy concentration reduced to 10%; D, oxygen vacancy concentration reduced to 2 %.
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Fig. S3 Total energy of a representative polycrystalline cell (LSF10, 20 grains) during MMC swapping.
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Fig. S4 Mean-squared displacement of oxygen ions ⟨r2
O⟩ obtained as a function of time from equilibration MD simulations of a polycrystalline LSF10

cell at 2000K with 2 grains after MMC swapping at different temperatures.
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Fig. S5 Oxygen-vacancy diffusion coefficients Dv as a function of inverse temperature for different Sr′La concentrations.
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Fig. S6 Oxygen tracer diffusion coefficients in LSF10. The same figure for LSF40 can be found in the main text as Fig. 10.

Fig. S7 Displacement vectors of oxygen ions a representative polycrystalline LSF10 cell with 2 grains after 1.0 ns at 1400K. From left to right: bulk,
grain boundary core, grain boundary edge. Upper row: 100% oxygen vacancies; lower row: 10% oxygen vacancies (relative to the stoichiometric
oxygen vacancy concentration).
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Fig. S8 Activation enthalpies of oxygen diffusion in LSF10 and LSF40, obtained from diffusion coefficients in Fig. 11 and 12. For LSF10 structures
with low oxygen vacancy concentrations and 2 grains, the activation enthalpy of LFO is sampled (see Fig. S5) due to a nominally Sr free bulk and a
few oxygen vacancies in the bulk regions.
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