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Experimental section
[bookmark: _Hlk161841376]Powder synthesis
The electrode powder is made by the sol-gel approach. Take La0.6Sr0.1Ba0.35Co0.2Fe0.78Mo0.02O3₋δ (LSB0.35CFM0.02) as an example. The molar ratios of La(NO3)3·6H2O (99.9%), Sr(NO3)2 (99.5%), Ba(NO3)2 (99.5%), Co(NO3)2·6H2O (99.9%), Fe(NO3)3·9H2O (99.9%), and (NH4)6Mo7O24·4H2O (99.9%) were weighed according to the target composition of LSB0.35CFM0.02 and were configured as a solution. The citric acid (CA, 99.5%) and ethylenediaminetetraacetic acid (EDTA, 99.5%) were mixed with the molar proportion of EDTA, CA, and metal ions (1:1.5:1). The solution's pH was subsequently raised to ~9. The gel was obtained after continuous heating (90 °C, 10 h), and it was calcined (1000 °C, 5 h) to crystallize the powder. 
Cell fabrication and tests
[bookmark: _Hlk209785401]The Ni-YSZ/Ni-SSZ/SSZ/GDC half-cell, SSZ electrolyte and GDC powder are purchased from SOFCMAN. The GDC ink was made by mixing and milling an appropriate amount of GDC powder containing 6 wt.% ethylcellulose, and then it was subsequently sintered (1300 °C, 5 h) on the SSZ electrolyte. The LSB0.35CFM0.02 ink was prepared using the same method and then sintered onto the GDC layer, obtaining LSB0.35CFM0.02/GDC/SSZ/GDC/LSB0.35CFM0.02 symmetrical half-cell and Ni-YSZ/Ni-SSZ/SSZ/GDC/LSB0.35CFM0.02 single-cell. The I–V and EIS of the cells at various conditions were obtained by Autolab workstation. Silver paste was brushed onto the electrode surfaces, followed by the attachment of silver wires. The assembly was then connected to the Autolab workstation, and a current density of 0.5 A·cm⁻2 was applied during the test. Cr2O3 powder (~10 g) was placed in a separate alumina boat 10 mm from the front of the cell as the Cr source.
Calculations
All spin-polarized periodic density functional theory (DFT) calculations were performed using the Vienna Ab initio Simulation Package (VASP) with the Perdew–Burke–Ernzerhof functional and Grimme's DFT-D3 dispersion correction.1-3 A plane-wave cutoff of 400 eV and a (2 × 2 × 1) k-point mesh were used, with convergence criteria of 1 × 10⁻5 eV for energy and 0.03 eV/Å for forces. Effective Hubbard U values of 4, 6.5, 3, and 2 eV were applied to Fe,4 Co,5 Cr,6 and Mo,7 respectively. The AO-terminated (100) surfaces of LSCF (La0.6Sr0.4Co0.2Fe0.8O3₋δ) were modeled using a supercell size of 7.71 Å ×19.27 Å in the xy-plane with eight atomic layers in the z-direction and a 20 Å vacuum gap to prevent spurious interactions. During structural optimization, the bottom four layers were fixed while the others were fully relaxed. The LSBCF (La0.6Sr0.1Ba0.3Co0.2Fe0.8O3₋δ) surface was created by replacing three-quarters of Sr with Ba in the LSCF lattice, and the LSBCFM (La0.6Sr0.1Ba0.3Co0.2Fe0.78Mo0.02O3₋δ) surface was further generated by substituting one Fe atom with Mo. The top and side views of the three surface models are shown in Figure S15.

















Supplementary Figures
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Figure S1. HT-XRD pattern of LSB0.35CFM0.02 powder.
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Figure S2. DRT curves of symmetric cells with LSB0.35CFM0.02 under various pO2 at 750 ℃.
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[bookmark: _Hlk198396364]Figure S3. EIS curves of symmetric cells with LSBxCFMy (x=0, 0.3, 0.35; y=0, 0.02) at 650~800 ℃.
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Figure S4. DRT curves of symmetric cells with LSBxCFMy (x=0, 0.3, 0.35; y=0, 0.02) at 650~800 ℃.
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Figure S5. Structure of LSB0.3CF during the Ab Initio Molecular Dynamics (AIMD) simulations (2 ps) at 750 ℃.
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Figure S6. Structure of LSCF during the Ab Initio Molecular Dynamics (AIMD) simulations (2 ps) at 750 ℃.
The structural evolution of LSCF and LSB0.3CF models at 750 °C was investigated by DFT-based AIMD simulations. The simulations were executed by the VASP code within the MedeA environment, utilizing the Projector Augmented-Wave approach and each system was equilibrated for 2 ps.1-3 AIMD simulations quantitatively confirm this stabilization effect: LSB0.3CF exhibits minimal atomic displacement (MSD < 0.2 Å2) and stable A–O coordination (~12), with the system energy converging within ±0.02 eV per atom after 2 ps. In contrast, LSCF shows markedly higher MSD values (>0.4 Å2 for Co), reduced A–O coordination, and energy fluctuations exceeding ±0.06 eV per atom, indicative of structural instability and Co segregation (Figure S6).

                            (S1)
where rA: ionic radii of A-site cation, rB: ionic radii of B-site cation and rX: ionic radii of anion.8
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[bookmark: _Hlk187095396]Figure S7. EIS curves of symmetric cells with LSB0.3CF at OCV under Cr poisoning at 750 °C for 120 h.
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Figure S8. EIS curves of symmetric cells with LSB0.35CF at OCV under Cr2O3 exposure at 750 °C for 120 h.


[bookmark: _Hlk180786971][bookmark: _Hlk187261227]Figure S9. SEM images of LSB0.35CFM0.02 cathode at 750 ℃ (a) before and (b) after Cr2O3 exposure for 120 h.
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[bookmark: _Hlk197781757][bookmark: _Hlk174889143]Figure S10. XRD of LSB0.35CFM0.02-Cr2O3 mixtures (4:1 weight ratio) after sintering at 750℃ for 5 h.
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Figure S11. I-V-P curves of LSCF cell in FC mode at 700~800 ℃. 
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Figure S12. PPD comparison of LSB0.35CFM0.02 cell with other literature at 750 ℃.
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Figure S13. I-V curves of LSCF cell in EC mode at 700~800 ℃.
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Figure S14. Electron charge density difference isosurface for CrO3 adsorbed on the LSBCFM surface. Charge depletion and accumulation are represented by blue and yellow regions, respectively. The isosurface value is set to ±0.005 e/Å.
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Figure S15. The side (lower) and top (upper) views of (a) LSCF, (b) LSBCF and (c) LSBCFM surface.
[bookmark: OLE_LINK5]The adsorption energy of CrO3 was defined as Eads = ECrO3+surface– ECrO3–Esurface, where ECrO3+surface, ECrO3, and Esurface denote the total energies of the adsorbed system, isolated CrO3 in vacuum, and clean surface, respectively. The adsorption Gibbs free energy was calculated as Gads = Eads + ΔEZPE – TΔS, where zero-point energy (ΔEZPE) and entropy (ΔS) contributions were included. All Gibbs free energies were evaluated at 750 °C.
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[bookmark: _Hlk156383110]Table S1. Crystal structure parameters of materials obtained from Rietveld XRD refinements.
	Material
	LSB0.35CFM0.02
	BaCoO3

	Phase structure
	Pbnm
	P63/mmc

	a(Å)
	5.4998
	5.6552

	b(Å)
	5.5412
	5.6552

	c(Å)
	7.7923
	4.9643

	V(Å3)
	237.47
	158.76

	Fract(%)
	97.48
	2.52

	Rp
	5.51
	5.25

	Rwp
	6.88
	6.45

	χ2
	3.35
	3.26
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