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Table S1. Comparison of selected interatomic distances (A) in the structure of LSCF2882 and

LSCF6428 at room temperature.

Interatomic distances (A)

Type of atomic bonding
LSCF2882 LSCF6428
2.490(6) A X 3
Lal/Sr1-O1 2.724(1) A X 12 2.754(H A X 6
3.017(6) A X 3
Col/Fel-0Ol1 1.926(1) A X 6 1.960(1) A X 6
2.755(2) A
01-01 2.724(1) A 2.791(1) A
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Table S2. Comparison of selected interatomic angles (°) in the structure of LSCF2882 and

LSCF6428 at room temperature.

Interatomic angle (°)

Type of atomic bonding

LSCF2882 LSCF6428

- 89.24(2)°

O1- Col/Fel-O1 90.000(1) 90.75(2)°
. 84.52(1)°

Ol-Lal/Sr1-O1 00,0001 60.87(3)
: 63.12(8)°
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Table S3. kepem and Depen, values for LSCF2882 and LSCF6428 as functions of temperature

from 650 to 800 °C.

LSCF2882 LSCF6428

Temperature (°C)
kchem (Cm s-l) Dchem (Cm2 S-l) kchem (Cl’l’l S-l) Dchem (Cm2 S-l)

800 3.24x 10 1.03x 104 1.39x 10 6.69 X 10
750 1.81x 103 6.81 X 10°° 6.74 x 10 428 x 10
700 1.12x 103 5.13x 10 4.57 x 10+ 2.52x 10
650 7.66 X 104 1.76 X 10°° 1.62 x 10+ 1.72x10¢
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Table S4. Calculated volume expansion of the cell for LSCF2882 and LSCF6428 by

introducing oxygen vacancies.

LSCF2882 LSCF6428
Pristine model (A3) 459 448
Vacancy model (A?%) 466 459
Expansion (%) 1.53 2.41
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Table S5. Elementary ORR processes and corresponding reaction orders.

Elementary Reactions Reaction order (n) Ref

Adsorption of oxygen 02(9) 02,44 1 1,2,4

Dissociation of adsorbed oxygen 0540204 1/2 34

Charge Transfer O?d " e' - Oac.i. 1/4 1,4
Orpp + € — Orpp

Oxygen ion incorporation OT;B +V,e 0)0( 1/10 1,3
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Figure S1. (001) view of the observed Fourier map for LSCF2882. The map width is 10.3 A,
and the center is at (a) (Col/Fel) and (b) (O1), respectively. All the densities are at the

Col/Fel, and Lal/Srl planes, respectively.
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Figure S2. (201) view of the observed Fourier map for LSCF6428. The map width is 10.3 A,
and the center is at (a) (Col/Fel) and (b) (O1), respectively. All the densities are at the Col/Fel,

and Lal/Srl planes, respectively.
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Figure S3. Microstructure analysis of (a) LSCF2882 and (b) LSCF6428 oxygen electrodes.
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Figure S4. XRD results of the mixture of LSCF2882 and GDC powders annealed at 900 °C

for 10 h in ambient air.
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Figure S5. XPS spectra of (a) La 3d, and (b) Sr 3d for LSCF2882 and LSCF6428.
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Figure S6. Evolution of unit cell parameters (a, b and c), and volume in LSCF2882 and

LSCF6428 upon temperature increase.
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Figure S7. Comparison of resultant normalized conductivity relaxation curves for LSCF2882

and LSCF6428 at (a) 800, (b) 750, and (c) 650 °C.
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LSCF2882 SQS#1

Figure S8. 31 single vacancy models from three SQS structures for LSCF2882 (first model is

shown in Fig. 4a).
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LSCF6428 SQS#1

Figure S9. 31 single vacancy models from three SQS structures for LSCF6428 (first model is

shown in Fig. 4b).
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Figure S10. Nyquist plots of symmetrical cells at (a) 750, (b) 650, (c) 600, and (c) 550 °C for

LSCF2882 and LSCF6428 oxygen electrodes.
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Figure S11. Cross-sectional SEM image of LSCF6428 cell.
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Figure S12. EDX element (Ni, Zr, Ce, Sr, Co) line spectra of a single cell with the LSCF2882

electrode.
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Figure S13. EDX element (Ni, Zr, Ce, Co, Sr) mapping of a single cell with the LSCF2882

electrode after stability test.
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Figure S14. Electrochemical impedance spectra (Nyquist plots) at OCV for LSCF2882 and

LSCF6428 cells at different temperatures ranging from 600 to 800 °C.
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Figure S15. Cross-sectional surface SEM images of the interfaces between the LSCF2882

oxygen electrode and GDC buffer layer after reversible operation conditions.
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