First principles modeling of oxygen vacancy formation
and mobility in (Ba,Sr)(Co,Fe)O, sperovskites
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Computational details

* VASP 4.6 + PAW and plane wave basis set

* PBE-type exchange-correlation GGA functional

* 4x4x4 k-point mesh in the Brillouin zone
(Monkhorst-Pack scheme)

* jon charges calculated by the Bader method

* energy cut-off 520 eV

* Ba,Sr,(Co,Fe),0,, 5 supercells (2x2x2)

* Fe: high spin state, Co: intermediate spin

different vacancy configurations in supercell E. A. Kotomin et al., Solid State lonics 188 (2011) 1

Electronic structure

spin-projected density of states (DOS) for
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cartoon of the BSCF band structure (density of states)
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oxygen loss for = 1/8: excess electrons
distributed mainly to Co and O

cf. XAS study for Ba ;Sry oC0, gFe ,05 5

charge distribution depends delicately on &
(more e to Fe at low T, high pO,)

significant (Fe,Co)-O covalency (t,,)

Fe: 1 eV gap between occupied t e; and empty | e, D.N. Mueller et al.,

J. Mat. Chem. 19 (2009) 1960

Oxygen vacancy formation — og*+2My = 050,+Vy +2 M,
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Fe fractiony trend of smaller E,, for Co-rich materials confirmed

Summary

*vacancy formation energy increases linearly with Fe content
« difference in band structure

* vacancy migration barriers in good agreement with experiments

* barriers are determined by combination of
geometrical constraints (da-.o+ IN transition state)

and electronic contribution (vacancy formation energy)

Oxygen vacancy migration
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electronic factors:
vacancy formation energy
(cf. SrBa barriers for BSC, SCF, BSF)

geometric factors:
daor compared to BSC*
(cf. SrSr, SrBa and BaBa barriers for BSC)

barriers DFT expt. good
BSCF 0.44ev  05ev* agreement
BSF 0.72 eV 1.0ev*
*L.Wang et al., JES 157 (2010) B1802
SCF 0.64eV  0.65eV**  xv, Teraokaetal., Mat. Res. Bull. 23 (1988) 51

Vacancy formation energy E,,, migration barrier E,,, and structural parameters of oxygen migration.

*indicates the migrating O and directly connected cations. Italic numbers give the change in the transition state relative to the ideal structure.
Aq(O¥) is the change of O* ion charge in the transition state relative to the initial state. For BSCF and SCF, the geometry and barrier from a
Co-V,, -Co iniial state to a Co-V,,"-Co final state as well as for Fe-V,,"-Co to Fe-V,"-Co (Fe*-O* transition state) is given

Ev Em B-0" [B-0, [B-Oy | q(©O) |[B-B* [A0" [AA*
Aq(OY) Sr Ba
eV eV /A 1A 1A /e 1A 1A 1A 1A
BSC BaSr |1.70 |1.77 |195 |-097 |568 237 258 412
121 040 |-13% |-9% | 0% |+0.10 |[+3% 6%
SrSr 171 179 |195 |-0.96 |5.48 2.41 4.19
103 043 |-12% |-8% | +0% | +0.11 |-1% %
BaBa |1.68 [1.76 | 195 |-0.95 |5.63 249 412
128 075 |-14% |-10% | 0% | +0.12 |+2% 6%
BSCF Basr
134 042 |169 |177 198 |-098 (575 2.38 259 410
CVC>C'VC | -13% |-9% | +1.5% | +0.09 | +4% 5%

1.40 046 |1.69 |1.76 |191 |-0.95 5.65 239 257 415
CVF*->CVF* | -13% |-10% |-2% +0.13 +2% 8%
BSF BaSr (1.68 |1.78 |1.95 |-0.96 5.68 240 257 4.14

222 0.72 -14% | -9% +0% | +0.12 +3% 6%

SCF  sSrSr

158 060 170 | 1.79 192 | -097 5.56 2.38 4.08
CVC->C'VC | -11% | -7% +0% +2% 6%

169 067 170 | 1.77 191 | -097 5.52 2.38 411
CVF->CVF* | -11% | -8% -2% +2% %
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