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Details for the calculation of oxygen vacancy formation energy

Spin-polarized density functional theory (DFT) calculation was used to study the effect of Bi 

doping on oxygen vacancy formation energy. The theoretical calculation is based on the 

Materials Studio software package, and is carried out using pseudopotential and plane wave basis 

set. The generalized gradient functional PBE functional in density functional theory (DFT) is 

chosen as the exchange correlation energy. U values for both the d-orbitals of Mn and the f-

orbitals of Pr set at 3.0 and 6.0 eV, respectively, and the cutoff for kinetic energy at 630 eV. The 

tolerance for self-consistency was selected to be 1.0 × 10−5 eV per atom, 0.03 eV Å−1 for force, 

0.05 GPa for maximum stress, and 0.001 Å for the maximum displacement. The primitive cells 

of L-PBM and L-Bi-PBM were Pr4Ba4Mn8O23 and Pr3Bi1Ba4Mn8O23. The oxygen vacancy 

formation energy was calculated according to:

 ∆Evac = E(defect) – E(perfect) + 0.5E(O2, g)                                              (1) 

where ∆Evac is oxygen vacancy formation energy, E(defect) is the total energy of the non-

stoichiometric structure, E(perfect) is the total energy of stoichiometric structures, and E(O2, g) 

is the total energy of a triplet O2 molecule. 



Fig. S1 HADDF and mapping result of the Bi-PBM electrode powder prepared in air.



Fig. S2 Polarization resistance of L-PBM and L-Bi-PBM obtained at different temperature.



Fig. S3 Ohmic resistance of L-PBM and L-Bi-PBM at different temperature.



Fig. S4 EDS mapping results of L-Bi-PBM electrode after stability test



Table 1 The comparison of polarization resistances with the reported electrodes
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Electrode Electrolyte Temperature
(°C)

Rp 
(air, Ω 
cm2)

Rp 
(H2, Ω 
cm2)

Ref.

PrBaMn1.5Fe0.5O5+δ LSGM 800 0.22 0.68 1

SmBaMn2O5+δ LSGM 850 0.13 0.57 2

Pr-PrBaMn2O5+δ LSGM 800 0.016 0.20 3

SmBaMn1.9Mg0.1O5+δ LSGM 900 0.073 0.263 4

La0.75Sr0.25Cr0.5Mn0.5O3-δ YSZ 900 0.35 0.3 5

Pr0.7Ca0.3Cr0.6Mn0.4O3-δ YSZ 800 4 30 6

La0.8Sr0.2FeO3-δ YSZ 800 0.31 0.58 7

Sr2Fe1.5Mo0.5O6-δ LSGM 800 0.24 0.27 8

La0.4Sr1.6MnO4±δ LSGM 800 0.87 2.07 9

GdBaFe2O5+δ LSGM 800 0.073 1.911 10

PrBaMn2O5+δ 850 0.13 0.67

Pr1.8Bi0.2BaMn2O5+δ
ScSZ

850 0.11 0.37
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