
Supplementary Information

Fig S1. TEM-EDS survey scans of selected areas from the BaHEOZndefi nanocomposite: (a) from 3.5 to 
6 keV (b) 1.5 to 2.0 keV. 

Fig S2. (a) DRT analysis of BaHEOZndefi symmetric cell from 400 to 600°C (b) ASR as function of 

temperature from 400 to 600°C for HF, MF and LF processes.
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Fig S3. Cross-sectional image of PCC with (a) BaHEO (b) BaHEOZn (c) BaHEOZndefi



Fig S4. EIS analysis of PCC button cells with various air electrodes (BaHEO, BaHEOZn, and 
BaHEOZndefi) (a) DRT spectrum of BaHEO (b) equivalent circuit fitting results for BaHEO. Blue dots are 
experimental data and the black line is the model fit (c) DRT spectrum of BaHEOZn (d) EIS fitting results 
for BaHEOZn (e) DRT spectrum for BaHEOZndefi (f) EIS fitting results for BaHEOZndefi



Fig S5. DRT peak probability plot as function of log time constant and overpotential. Yellow color 
indicates high likelihood of a “true” DRT peak. Based on the probability map, we divided the DRT 
distributions for each air electrode into 4 major peak regions or relaxation response regions: P1, P2, P3, 
and P4. (a) BaHEO (b) BaHEOZn (c) BaHOEZndefi



Fig S6. EIS analysis of PCC button cell with BaHEOZndefi air electrode at 500, 550, 600 and 650°C 
(a) DRT spectrum at 500°C (b) corresponding EIS model fit at 500°C (c) DRT spectrum at 550°C (d) 
corresponding EIS model fit at 550°C (e) DRT spectrum at 600°C (f) corresponding EIS model fit at 
600°C (g) DRT spectrum at 650°C (h) corresponding EIS model fit at 650°C



0 1000 2000
0.0

0.2

0.4

0.6

0.8

1.0

1.2
 Cell 1
 Cell 2

Po
te

nt
ia

l (
V)

Current density (mA/cm2)

0

200

400

600

800

Pow
er density (m

W
/cm

2)

Fig S7. Reproducibility of duplicated BaHEOZndefi PCCs at 600°C. Cell 1 was used for performance 
measurement and durability testing under fuel cell mode. Cell 2 (~3X larger active area) was used for 
durability testing under electrolysis mode.

Table S1. EIS model fitting parameters for PCC button cells with various air electrodes (BaHEO, 
BaHEOZn, and BaHEOZndefi) at 600°C. R0 = ohmic resistance, L0 = inductance, Rx_HNx = resistance for 
each electrochemical process, Ln(τ)_HNx = value of natural logarithm of time constant of specific 
electrochemical process, α= distribution skew, β= distribution width 





Table S2. EIS model fitting parameters for PCC button cell with BaHEOZndefi air electrode at 500, 550, 
600 and 650°C. R0 = ohmic resistance, L0 = inductance, Rx_HNx = resistance for each electrochemical 
process, Ln(τ)_HNx = value of natural logarithm of time constant of specific electrochemical process, α= 
distribution skew, β= distribution width 


