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Supplementary Figures 

 
Supplementary Figure 1. Rietveld refinement plots of the XRD pattern of BZCYYb-SSR synthesized 

at 1000 ℃. 

  



 

3 

 

 

Supplementary Figure 2. a, b The SEM images of BZCYYb-SSR powder.  
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Supplementary Figure 3. Particle size analysis of BZCYYb-SSR. 

Supplementary Discussion: To investigate the particle size distribution, the BZCYYb-SSR sample 

was investigated by a laser particle size analyzer. And the key parameter D50 of the BZCYYb-SSR 

sample was 1.95 μm. D50 is a typical index for evaluating the particle size of powder and is usually 

used to represent the average particle size of the sample. The particle size distribution of the BZCYYb-

SSR sample was asymmetrical with a large particle size distribution range (0-12 μm), indicating that 

the particle size of BZCYYb powder prepared by traditional solid state reaction method was not 

uniform. 
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Supplementary Figure 4. The N2 adsorption-desorption isotherm of pristine BZCYYb-SSR powder. 
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Supplementary Figure 5. The EDS mapping of Ba, Ce, O, Y, Yb, Zr of BZCYYb-SSR powder. 
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Supplementary Figure 6. Magnified XRD patterns of BZCYYb-SSR pristine sample and after 

quenching at different temperatures. 
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Supplementary Figure 7. Rietveld refinement plots of the XRD patterns of BZCYYb-SSR quenched 

at 1300 ℃.  
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Supplementary Figure 8. Rietveld refinement plots of the XRD patterns of BZCYYb-SSR quenched 

at 1450 ℃. 
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Supplementary Figure 9. XRD patterns of pristine BZCYYb-0.98-SSR and quenched at different 

temperatures. 
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Supplementary Figure 10. Rietveld refinement plots of the XRD pattern of BZCYYb-0.98-SSR 

calcined at 1000 ℃. The as-synthesized BZCYYb-0.98-SSR consists of two different crystalline 

phases, the main phase is BZCYYb-0.98 (space group: Imma), and the other phase is BaZrO3 (space 

group: Pm-3m). 
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Supplementary Figure 11. Rietveld refinement plots of the XRD pattern of BZCYYb-0.98-SSR 

quenched at 1300 ℃. 

  



 

13 

 

 
Supplementary Figure 12. Rietveld refinement plots of the XRD patterns of BZCYYb-0.98-SSR 

quenched at 1450 ℃. 
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Supplementary Figure 13. XRD patterns of pristine BZCYYb-0.95-SSR and quenched at different 

temperatures. 
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Supplementary Figure 14. Rietveld refinement plots of the XRD pattern of BZCYYb-0.95-SSR 

calcined at 1000 ℃. The as-synthesized BZCYYb-0.95-SSR consists of three different crystalline 

phases, of which the main phase is BZCYYb-0.95 (space group: Imma), the second phase is BaZrO3 

(space group: Pm-3m), and the third phase is Y2O3 (space group: Ia-3). 
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Supplementary Figure 15. Rietveld refinement plots of the XRD pattern of BZCYYb-0.95-SSR 

quenched at 1300 ℃. 
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Supplementary Figure 16. Rietveld refinement plots of the XRD patterns of BZCYYb-0.95-SSR 

quenched at 1450 ℃. 
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Supplementary Figure 17. Magnified XRD patterns of BZCYYb-0.93-SSR pristine sample and after 

quenching at different temperatures. 
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Supplementary Figure 18. Rietveld refinement plots of the XRD pattern of BZCYYb-0.93-SSR 

calcined at 1000 ℃. 
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Supplementary Figure 19. Rietveld refinement plots of the XRD pattern of BZCYYb-0.93-SSR 

quenched at 1300 ℃. 
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Supplementary Figure 20. Rietveld refinement plots of the XRD pattern of BZCYYb-0.93-SSR 

quenched at 1450 ℃. 
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Supplementary Figure 21. XRD patterns of BZCYYb, BZCYYb-0.98, BZCYYb-0.95 and BZCYYb-

0.93 prepared by solid state reaction method after quenching at 1300 ℃.  
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Supplementary Figure 22. Crystal structure of BaZr0.2Ce0.8O3- perovskite with an orthorhombic 

structure (Imma). Grey balls: Ba atoms; Red balls: O atoms; Purple/green balls: Ce/Zr atoms, Zr 

replaces 1/5 of the Ce atoms. 
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Supplementary Figure 23. a, b TEM images of BZCYYb-SSR powder calcined at 1000 ℃. Inset 

images are the corresponding fast Fourier transform (FFT) pattern of the area in the red box. 
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Supplementary Figure 24. a, b TEM images of BZCYYb-SSR-0.93 powder calcined at 1000 ℃. 

Inset images are the corresponding fast Fourier transform (FFT) pattern of the area in the red box. 
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Supplementary Figure 25. a, b TEM images of BZCYYb-SSR powder quenched at 1300 ℃. Inset 

images are the corresponding fast Fourier transform (FFT) pattern of the area in the red box. 
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Supplementary Figure 26. a, b TEM images of BZCYYb-SSR powder quenched at 1450 ℃. Inset 

images are the corresponding fast Fourier transform (FFT) pattern of the area in the red box. 
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Supplementary Figure 27. a, b TEM images of BZCYYb-SSR-0.93 powder quenched at 1300 ℃. 

Inset images are the corresponding fast Fourier transform (FFT) pattern of the area in the red box. 
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Supplementary Figure 28. a, b TEM images of BZCYYb-SSR-0.93 powder quenched at 1450 ℃. 

Inset images are the corresponding fast Fourier transform (FFT) pattern of the area in the red box. 
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Supplementary Figure 29. XRD patterns of pristine BZCYYb-1.05-SSR sample and after quenching 

at different temperatures. 
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Supplementary Figure 30. Rietveld refinement plots of the XRD pattern of pristine BZCYYb-1.05-

SSR synthesized at 1000 ℃. 
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Supplementary Figure 31. Rietveld refinement plots of the XRD pattern of BZCYYb-1.05-SSR 

quenched at 1300 ℃. 
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Supplementary Figure 32. Rietveld refinement plots of the XRD pattern of BZCYYb-1.05-SSR 

quenched at 1450 ℃. 
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Supplementary Figure 33. Fourier-transformed EXAFS data measured at the Y K-edge and its fitting 

curve for Y2O3 reference. 
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Supplementary Figure 34. Fourier-transformed EXAFS data measured at the Y K-edge and its fitting 

curve for BZCYYb-SSR. 
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Supplementary Figure 35. Fourier-transformed EXAFS data measured at the Y K-edge and its fitting 

curve for BZCYYb-SSR after quenching at 1300 ℃. 
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Supplementary Figure 36. Fourier-transformed EXAFS data measured at the Y K-edge and its fitting 

curve for BZCYYb-SSR after quenching at 1450 ℃. 
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Supplementary Figure 37. XRD patterns of pristine BZCYb0.2-SSR sample and after quenching at 

different temperatures. 

Supplementary Discussion: BaZr0.1Ce0.7Yb0.2O3-δ sample with Yb content of 20% was prepared by 

solid state reaction method (BZCYb0.2-SSR), and the treatments at the same temperatures as 

BZCYYb-SSR were conducted (Supplementary Figure 37). However, when the temperature reached 

1400 ℃, some impurities were detected, and the impurity phase was Yb2O3 (Supplementary Figure 

38). This result indicated that Yb3+ preferentially precipitates in the form of secondary phase Yb2O3 

during high temperature sintering process.  
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Supplementary Figure 38. XRD pattern of pristine BZCYb0.2-SSR sample after quenching at 

1400 ℃. 
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Supplementary Figure 39. a, b The XPS spectra of O 1s for BZCYYb-SSR before and after 

quenching. 
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Supplementary Figure 40. Different configurations of BaZr0.1Ce0.7Y0.1Yb0.1O3. 
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Supplementary Figure 41. The optimized structural models of (a) BZCYYb, (b) BZCYYb with Y-

substitution defect, and (c) BZCYYb with antisite defect. 
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Supplementary Figure 42. Possible configurations for Y substituted B-site with Ba vacancy (a-f) and 

Y substituted A-site with Y vacancy (g-l) in BZCYYb. 
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Supplementary Figure 43. a, b Surface and c, d cross-sectional SEM images of BZCYYb-SSR 

membrane sintered at 1450 ℃. 
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Supplementary Figure 44. Grain size distribution of BZCYYb-SSR electrolyte membrane sintered 

at 1450 ℃. 
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Supplementary Figure 45. XRD patterns of BZCYYb-MSS calcined at different temperatures in air 

for 5 h. 
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Supplementary Figure 46. XRD patterns of BZCYYb prepared by MSS method with different mass 

ratio of salt-to-nitrate at 850 ℃ in air. 
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Supplementary Figure 47. SEM images of BZCYYb-MSS samples synthesized in different mass 

ratio of salt-to-nitrate. (A, a) 1∶1. (B, b) 3∶1. (C, c) 4∶1. 

Supplementary Discussion: Crystal growth of samples in the molten salt liquid depends on several 

factors, especially the mass ratio of molten salt to metal salt. When the ratio was 1∶1, the particles 

were unevenly dispersed and slightly agglomerated. As the proportion of salt further increased to 3∶

1 and 4∶1, particles agglomerated significantly and became irregular. The above results show that 

molten salt plays an important role in synthesis process, and excessive or insufficient is not conducive 

to morphology control. 
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Supplementary Figure 48. SEM image of BZCYYb-MSS sample synthesized with the 2:1 salt-to-

nitrate mass ratio. 
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Supplementary Figure 49. Particle size analysis of BZCYYb-MSS. 
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Supplementary Figure 50. The N2 adsorption-desorption isotherm of pristine BZCYYb-MSS powder. 
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Supplementary Figure 51. Rietveld refinement plots of the XRD pattern of the pristine BZCYYb-

MSS sample.  
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Supplementary Figure 52. SEM image of BZCYYb-MSS single-particle (a) and corresponding EDS 

mapping of Ba (b), Ce (c), O (d), Y (e), Yb (f), Zr (g). 
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Supplementary Figure 53. Magnified XRD patterns of BZCYYb-MSS pristine sample and after 

quenching at different temperatures. 
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Supplementary Figure 54. Rietveld refinement plots of the XRD pattern of BZCYYb-MSS quenched 

at 1300 ℃. 
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Supplementary Figure 55. Rietveld refinement plots of the XRD pattern of BZCYYb-MSS quenched 

at 1450 ℃. 
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Supplementary Figure 56. a, b TEM images of BZCYYb-MSS powder quenched at 1300 ℃. Inset 

images are the corresponding fast Fourier transform (FFT) pattern of the area in the red box.  
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Supplementary Figure 57. a, b TEM images of BZCYYb-MSS powder quenched at 1450 ℃. Inset 

images are the corresponding fast Fourier transform (FFT) pattern of the area in the red box.  
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Supplementary Figure 58. Fourier-transformed EXAFS data measured at the Y K-edge and its fitting 

curve for BZCYYb-MSS. 
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Supplementary Figure 59. Fourier-transformed EXAFS data measured at the Y K-edge and its fitting 

curve for BZCYYb-MSS after quenching at 1300 ℃. 
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Supplementary Figure 60. Fourier-transformed EXAFS data measured at the Y K-edge and its fitting 

curve for BZCYYb-MSS after quenching at 1450 ℃. 
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Supplementary Figure 61. The spectra of Ce L3 edge XANES for BZCYYb-MSS and BZCYYb-SSR 

before and after quenching at 1300 ℃. 

Supplementary Discussion: To investigate the possibility of Ce migration, X-ray absorption near-

edge structure (XANES) analysis was performed at the Ce L3 edge of all BZCYYb samples as shown 

in Supplementary Figure 61, along with reference CeO2 with local 8-fold coordination and SrCeO3 

with local 6-fold coordination. All feature and energy position of the Ce-L3 XANES spectrum of 

BZCYYb before and after quenching at 1300 ℃ are almost same to those of SrCeO3, confirming that 

Ce exists in a Ce4+ state with local octahedral coordination in all BZCYYb samples and exists in the 

B site of perovskite. The splitting of each peak at the Ce-L3 edge due to 5d crystal field slitting reduces 

with increase in coordination number from CeO6 in SrCeO3 to CeO8 in CeO2
1, and will be further 

narrower at A site for CeO12. Therefore, for both BZCYYb-MSS and BZCYYb-SSR samples, we can 

exclude meaningful mount of Ce ions at the A-site. 
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Supplementary Figure 62. a, b The XPS spectra of O 1s for BZCYYb-MSS before and after 

quenching. 
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Supplementary Figure 63. XRD pattern of BZCYYb-0.93-SSR synthesized at 1000 ℃. 
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Supplementary Figure 64. XRD patterns of pristine BZCYYb-SG sample and after quenching at 

different temperatures. 
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Supplementary Figure 65. Rietveld refinement plots of the XRD pattern of the pristine BZCYYb-SG 

sample. 
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Supplementary Figure 66. Rietveld refinement plots of the XRD pattern of BZCYYb-SG quenched 

at 1300 ℃. 
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Supplementary Figure 67. Rietveld refinement plots of the XRD pattern of BZCYYb-SG quenched 

at 1450 ℃. 
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Supplementary Figure 68. a, b Surface SEM images of BZCYYb-MSS membrane sintered at 

1450 ℃. 

  



 

70 

 

 
Supplementary Figure 69. Grain size distribution of BZCYYb-MSS electrolyte membrane sintered 

at 1450 ℃. 
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Supplementary Figure 70. Arrhenius plots of BZCYYb-MSS and BZCYYb-SSR electrolytes. 
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Supplementary Figure 71. Illustrations of proton positions along different orientations and 

corresponding proton adsorption energies in BZCYYb for Y substituted B-site. 
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Supplementary Figure 72. Illustrations of proton positions along different orientations and 

corresponding proton adsorption energies in B site in BZCYYb for Y substituted A-site. 
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Supplementary Figure 73. a, b Diffusion path of proton between adjacent lattice oxygen sites and 

corresponding migration energy barriers for Y substituted B-site in BZCYYb. 
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Supplementary Figure 74. Diffusion path of proton between adjacent lattice oxygen sites and 

corresponding migration energy barriers for Y substituted A-site in BZCYYb. 
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Supplementary Figure 75. XRD patterns of quenched BZCYYb-SSR and quenched BZCYYb-MSS 

samples calcined at 700 ℃ for 120 hours in air. 
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Supplementary Figure 76. In situ HT-XRD patterns for BZCYYb-MSS in 5% CO2 balanced argon 

from 150 to 650 ℃. 
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Supplementary Figure 77. Thermal expansion curve of BZCYYb-MSS. 
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Supplementary Figure 78. The XRD measurement of chemical compatibility between BZCYYb-

MSS electrolyte and PBCCF5 electrode. The mixed powder (1:1 wt.%) was calcined at 1000℃ in air 

for 5 h. 
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Supplementary Figure 79. Electrochemical impedance spectra of the cell with BZCYYb-MSS (a) 

and BZCYYb-SSR (b) as electrolyte from 500 to 650 ℃. 
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Supplementary Figure 80. Impedance stability of the cell with BZCYYb-MSS (a) and BZCYYb-

SSR (b) as electrolyte at 600 ℃. 
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Supplementary Figure 81. a Cross-sectional SEM image of BZCYYb-MSS-based single cell after 

the 2000 h long-term stability test. b High-magnification SEM image of BZCYYb-MSS electrolyte.  

Supplementary Discussion: As shown, cross-section SEM images of the respective three layers of 

BZCYYb-MSS based single cell, including a Ni-BZCYYb anode, a dense BZCYYb electrolyte layer, 

and a PBCCF5 cathode layer. And the three layers were adhered well with no cracks or delamination 

after 2000 h long-term fuel cell operation. The high density BZCYYb electrolyte membrane confirmed 

that the BZCYYb electrolyte prepared by molten salt synthesis method did not have obvious grain 

boundaries and porous structure. 
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Supplementary Figure 82. FIB-SEM image of BZCYYb-MSS-based single cell with super dense 

electrolyte layer and two porous electrode layers after the 2000 h long-term stability test. 

Supplementary Discussion: FIB-SEM and EDS mapping of the BZCYYb-MSS-based single cell 

after the long-term stability test were also investigated, as shown in Supplementary Figures 82-84. 

The FIB-SEM images illustrate that both the anode and cathode are well combined with the electrolyte 

without any cracks and precipitates at the interfaces after the stability test. The EDS mapping clearly 

shows the uniform distribution of elements in the three layers, which indicates that no chemical 

reactions and element diffusion occurred during the stability test.  
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Supplementary Figure 83. SEM image of PBCCFe5 cathode and the corresponding EDS mapping of 

Pr, Ba, Ca, Co, Fe near the interface at position a in supplementary Figure 82. 
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Supplementary Figure 84. SEM image of Ni-BZCYYb anode and the corresponding EDS mapping 

of Ba, Ce, Zr, Y, Yb near the interface at position b in supplementary Figure 82. 
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Supplementary Figure 85. a Cross-sectional SEM image of the BZCYYb-SSR-based single cell after 

stability test. b FIB-SEM image of BZCYYb-SSR electrolyte. 
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Supplementary Tables  

Supplementary Table 1. Cation compositions of BZCYYb-MSS and BZCYYb-SSR powders from 

HR-ICP-MS.  

 Ba Ce Zr Y Yb 

              Atomic ratio over (Ce + Zr +Y + Yb) 

BZCYYb-MSS 0.93 0.71 0.08 0.11 0.10 

BZCYYb-SSR 1.01 0.71 0.10 0.10 0.10 
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Supplementary Table 2. Cation compositions of BZCYYb-MSS and BZCYYb-SSR powders from 

EDS mapping. 

 Ba Ce Zr Y Yb 

              Atomic ratio over (Ce + Zr + Y + Yb) 

BZCYYb-MSS 0.93 0.71 0.10 0.10 0.10 

BZCYYb-SSR 1.00 0.70 0.10 0.10 0.10 
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Supplementary Table 3. XRD refinement parameters of BZCYYb samples before and after 

quenching. 

Samples Rp (%) Rwp 

(%) 

Rexp 

(%) 

Space 

group 

a (Å) b (Å) c (Å) Volume 

(Å3) 

BZCYYb-MSS 5.38 9.91 6.04 Imma 6.21 8.74 6.22 338.0 

BZCYYb-MSS-1300 ℃ 9.60 13.63 9.03 Imma 6.21 8.74 6.21 337.5 

BZCYYb-MSS-1450 ℃ 13.18 17.43 7.76 Imma 6.21 8.73 6.21 337.1 

BZCYYb-SSR 7.49 10.86 5.56 Imma 6.21 8.81 6.22 340.3 

BZCYYb-SSR-1300 ℃ 4.79 6.37 3.72 Imma 6.15 8.87 6.15 335.8 

BZCYYb-SSR-1450 ℃ 8.03 11.73 4.25 Imma 6.15 8.85 6.15 335.4 

BZCYYb-0.98-SSR 11.23 15.63 13.39 Imma 6.21 8.81 6.21 339.6 

BZCYYb-0.98-SSR-1300 ℃ 8.21 11.20 5.42 Imma 6.15 8.86 6.15 335.5 

BZCYYb-0.98-SSR-1450 ℃ 7.46 10.52 5.19 Imma 6.15 8.84 6.15 335.2 

BZCYYb-0.95-SSR 11.90 16.94 13.27 Imma 6.20 8.81 6.21 339.5 

BZCYYb-0.95-SSR-1300 ℃ 6.56 9.91 5.53 Imma 6.15 8.87 6.15 335.6 

BZCYYb-0.95-SSR-1450 ℃ 7.94 11.30 5.69 Imma 6.15 8.84 6.15 335.2 

BZCYYb-0.93-SSR 12.06 17.25 14.05 Imma 6.17 8.81 6.21 337.4 

BZCYYb-0.93-SSR-1300 ℃ 10.07 12.60 4.50 Imma 6.15 8.71 6.21 335.5 

BZCYYb-0.93-SSR-1450 ℃ 8.40 11.96 4.93 Imma 6.15 8.84 6.16 335.3 
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Supplementary Table 4. XRD refinement parameters of BZCYYb-1.05-SSR samples before and 

after quenching. 

Samples Rp (%) Rwp 

(%) 

Rexp 

(%) 

Space 

group 

a (Å) b (Å) c (Å) Volume 

(Å3) 

BZCYYb-1.05-SSR 7.84 10.59 5.68 Imma 6.22 8.80 6.22 340.2 

BZCYYb-1.05-SSR-1300 ℃ 13.40 18.52 14.05 Imma 6.17 8.87 6.15 336.6 

BZCYYb-1.05-SSR-1450 ℃ 6.65 8.96 4.55 Imma 6.16 8.87 6.15 336.2 
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Supplementary Table 5. The structural parameters of the samples derived from R-space fitting curves 

of EXAFS on Y K-edge. 

Samples  bond type CN* R (Å) σ2
 (10-3Å2)** R factor 

Y2O3 Y-O 6 2.29±0.02 4.3±1.3 0.001 

BZCYYb-MSS Y-O 6.3±0.7 2.31±0.01 6.8±1.5 0.015 

BZCYYb-MSS-1300 ℃ Y-O 6.4±0.5 2.29±0.02 7±1.0 0.011 

BZCYYb-MSS-1450 ℃ Y-O 6.4±0.6 2.29±0.01 6.6±1.3 0.014 

BZCYYb-SSR- Y-O 6.0±0.5 2.33±0.02 6.1±1.3 0.007 

BZCYYb-SSR-1300 ℃ Y-O 6.6±0.8 2.27±0.02 7.3±0.6 0.004 

BZCYYb-SSR-1450 ℃ Y-O 6.6±0.7 2.27±0.01 6.6±1.4 0.010 

* CN: coordination number; S0
2 was fixed to be 0.97 obtained from the fitting of Y2O3 reference. 

** σ2: Debye−Waller factors. 
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Supplementary Table 6. The total energy of different BaZr0.1Ce0.7Y0.1Yb0.1O3 configurations obtained 

by DFT and DFT+U methods. 

 DFT DFT+U 

Type 1 -414.67 -396.18 

Type 2 -414.67 -396.18 

Type 3 -414.67 -396.18 

Type 4 -414.67 -396.18 

Type 5 -414.66 -396.09 

Type 6 -414.62 -396.09 

Type 7 -414.65 -396.11 

Type 8 / -396.11 

Type 9 / -396.08 

Type 10 / -396.16 
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Supplementary Table 7. Configuration parameters of theoretical model of BZCYYb. 

B
Z

C
Y

Y
b-

th
eo

re
tic

al
 

Lattice parameter 

a (Å) b (Å) c (Å) α (°) β (°) γ (°) Volume (Å3) 

19.42 9.1 6.39 90.3 90 90 1128.48 

M-O bond length (Å) 

Ba-O7 Ba-O1 Ba-O2 Ba-O3 Ba-O4 Ba-O5 Ba-O6 

2.75 2.70 2.79 3.25 2.88 2.85 2.98 
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Supplementary Table 8. Configuration parameters of BZCYYb with Y-substitution defect, where Y 

occupies the Ba site, and the Y original position is empty. 

B
Z

C
Y

Y
b-

m
od

el
 1

 
Lattice parameter 

a (Å) b (Å) c (Å) α (°) β (°) γ (°) Volume (Å3) 

19.45 9.08 6.34 91.2 90.1 89.8 1118.65 

M-O bond length (Å) 

Y-O7 Y-O1 Y-O2 Y-O3 Y-O4 Y-O5 Y -O6 

2.39 2.45 2.52 2.47 2.33 2.33 2.38 
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Supplementary Table 9. Configuration parameters of BZCYYb with antisite defect, where Y occupies 

the Ba site and Ba occupies the Y site. 

B
Z

C
Y

Y
b-

m
od

el
 2

 
Lattice parameter 

a (Å) b (Å) c (Å) α (°) β (°) γ (°) Volume (Å3) 

19.47 9.12 6.38 90.2 90.3 90.1 1132.69 

M-O bond length (Å) 

Y-O7 Y -O1 Y-O2 Y-O3 Y-O4 Y-O5 Y-O6 

2.24 2.32 2.38 2.81 2.30 2.37 2.50 
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Supplementary Table 10. The total energies (eV) for different configurations of Y substituted B-site 

and A-site in BZCYYb. 

 Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 

B site  -385.9749 -386.0016 -386.0950 -385.8773 -386.0586 -385.9062 

A site  -385.4496 -385.8894 -385.6135 -385.9061 -386.1093 -385.6173 
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Supplementary Table 11. Cation compositions of BZCYYb-MSS and BZCYYb-SSR powders after 

quenching at different temperatures from HR-ICP-MS.  

 Ba Ce Zr Y Yb 

              Atomic ratio over (Ce + Zr +Y + Yb) 

BZCYYb-MSS-1300 ℃ 0.92 0.71 0.09 0.11 0.10 

BZCYYb-MSS-1450 ℃ 0.92 0.72 0.08 0.10 0.09 

BZCYYb-SSR-1300 ℃ 0.97 0.72 0.09 0.10 0.10 

BZCYYb-SSR-1450 ℃ 0.95 0.71 0.09 0.10 0.10 
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Supplementary Table 12. XRD refinement parameters of BZCYYb-SG samples before and after 

quenching. 

Samples Rp (%) Rwp 

(%) 

Rexp 

(%) 

Space 

group 

a (Å) b (Å) c (Å) Volume 

(Å3) 

BZCYYb-SG 7.89 11.45 5.50 Imma 6.21 8.79 6.25 341.0 

BZCYYb-SG-1300 ℃ 7.05 9.74 5.00 Imma 6.15 8.86 6.15 335.4 

BZCYYb-SG-1450 ℃ 7.69 10.60 4.38 Imma 6.15 8.84 6.15 335.2 
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Supplementary Table 13. Comparison of Ro, peak power densities of different single cells at different 

temperatures. 

Electrolyte Cathode Thickness 

(μm)   

Ro  

(Ω cm2) 

PPDs 

(mWcm-2) 

Tem. 

(℃) 

Ref. 

BZCYYb LSCF-

BZCYYb 

/ 0.5 326 700 Ref. 2 

BZCYYb PBCCZ15-

BZCYYb 

17 0.3 449 650 Ref. 3 

BZCYYb SCF 38 0.29 551 650 Ref. 4 

BZCYYb PBC-

BZCYYb 

30 0.63 170 600 Ref. 5 

BZCYYb LSCF-

BZCYYb 

25 0.55 362 650 Ref. 6 

BZCYYb LSCF-

BZCYYb 

12 0.59 232 650 Ref. 7 

BCZY7 LSN 15 0.28 330 650 Ref. 8 

BZCYYb BZFN 15 0.59 273 650 Ref. 9 

BZCYYb-

0.95 

BCFZY 12 0.29 790 650 Ref. 10 

BZCYYb PBCCF5 20 0.27 946 650 This work 

 PBCCF5 20 0.35 663 600 This work 

Notes: BZCYYb=BaZr0.1Ce0.7Y0.1Yb0.1O3−δ; LSCF=La0.6Sr0.4Co0.2Fe0.8O3−δ; PBCCZ15=PrBa0.9Ca0.1Co1.85Zn0.15O5+δ; 

SCF=SrCo0.8Fe0.2O3−δ; BCZY7=BaCe0.7Zr0.1Y0.2O3−δ; PBC=PrBaCo2O5+δ; LSN=Ln1.2Sr0.8NiO4; 

BZFN=Ba0.9Co0.7Fe0.2Nb0.1O3−δ; BCFZY= BaCo0.4Fe0.4Zr0.1Y0.1O3−δ. 
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