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Figure S1. TEC curves for LSN, PSN, NSN and LPNBSN.



Figure S2. Interstitial oxygen formation energy for LSN, PSN, NSN and LPNBSN.



Figure S3. O p-DOS for LSN, PSN, NSN and LPNBSN.



Figure S4. ECR curves for LSN, PSN, NSN and LPNBSN measured at 600 oC by 

abruptly changing the testing condition from dry to wet air.



Figure S5. ASR of LSN, PSN, NSN and LPNBSN cathodes obtained from 

symmetrical cell measurements tested under a wet air condition.



Figure S6. (a) EIS plots of LPNBSN symmetrical cell is tested under different oxygen 

partial pressures and (b) the equivalent circuit used to fit the EIS plot. (c) RH, RM and 

RL as a function of pO2 tested at 600 oC.



Figure S7. (a) EIS plots for LSN, PSN, NSN, LPNBSN symmetrical cells tested at 

600 oC and (b) their corresponding RH, RM and RL.



Figure S8. Performance of H-SOFCs using LSN, PSN and NSN cathodes.



Figure S9. XRD patterns for LSN+BCZY, PSN+BCZY, NSN+BCZY and 

LPNBSN+BCZY before and after co-firing at 900 °C for 2 h.



Figure S10. Cross-sectional views for the fuel cells using LSN, PSN, NSN and 

LPNBSN cathodes.



Figure S11. PPD comparison and increment percentage between the cells using (a) 

LSN and LPNBSN, (b) PSN and LPNBSN, (c) NSN and LPNBSN cathodes at 

different temperatures.



Figure S12. EIS plots for the cells using LSN, PSN, NSN cathodes measured at 700 

oC.



Figure S13. (a) DRT plot for the LPNBSN cell at tested 700 °C and (b) the portion of 

each peak.



Figure S14. XRD patterns for LPNBSN before and after the treatment in a 30% H2O-

containing atmosphere at 600 oC for 10 h.



Figure S15. SEM image for the LPNBSN cathode and electrolyte interface after the 

cycling test.



Figure R16. Operational stability of an H-SOFC using the LPNBSN cathode under 

the fuel cell working condition at 600 oC for more than 500 hours.



Figure S17. (a) XPS Sr 3d spectra and (b) the proportion of surface Sr to lattice Sr for 

LSN, PSN, NSN and LPNBSN before and after the thermal treatment.



Figure S18. (a) XPS Ni 3p spectra and (b) the Ni2+/Ni3+ ratio for LSN, PSN, NSN and 

LPNBSN before and after the thermal treatment.



Table S1. Dh and kh values for LSN, PSN, NSN and LPNBSN measured at 600 oC.

LSN PSN NSN LPNBSN

Dh/×10-4 cm2 s-1 1.52 0.95 3.76 4.71

kh/×10-3 cm s-1 1.30 0.84 1.85 3.88


