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Experimental Section

Catalyst preparation

Pry sBag25S1925C00 sFe,05.5 (denote as Pry sBSCF) was synthesized using a standard combined
EDTA-citrate complexing sol-gel method. Typically, stoichiometric amounts of
Pr(NO3);-6H,0, Ba(NOj),, Sr(NOj),, Co(NO;),"6H,O and Fe(NO;);-9H,O (all are the
analytical grade, Sinopharm Chemical Reagent Co., Ltd.) were completely dissolved in
deionized water. Citrate (C;oH;cN,Og, Sinopharm Chemical Reagent Co., Ltd.) and EDTA
(C¢HgO4, Sinopharm Chemical Reagent Co., Ltd.) were introduced to the above solution at a
molar ratio of 2:1:1 for citrate/EDTA/metal ions and then an aqueous ammonium hydroxide
solution (NHj3, 28%, Sinopharm Chemical Reagent Co., Ltd.) was also added until the solution
pH reached 6. The obtained transparent solution was heated at 90 °C with continuous stirring
to achieve a gel and pre-treated at 250 °C for 5 h to form a solid precursor. The precursor was
finally calcined at 1100 °C for 5 h in air to obtain the final product.

The Prys-Cos0, was prepared by a modified molten-salt method.! Briefly, 0.02 g of CoO
(Aladdin Industrial Corporation.), 0.1 g of PrysBSCF, 0.11 g of KCI and 0.09 g of LiCl were
thoroughly ground in a mortar. The homogenous mixture was transferred into a tube furnace
and calcined at 500 °C for 2 h under Ar atmosphere. After cooling down naturally, the mixture
was washed with water several times to remove the salt (KCI and LiCl) and then dried at 60 °C
to obtain the product.

The Prys-MS was prepared by the same method as Pry5-Co;0,, excepting no CoO was added.
CoO was also treated with the molten-salt method to prepare Co;O4, which acted as the
reference sample during XPS analysis.

To prepare the control samples Prys+Co030, and Prys-MS+Co;0,, the stoichiometric amounts
of Co;04 were added in a mortar and finely ground with PrysBSCF and Prys-MS, respectively
for at least 30 min.

Materials characterization

The phase structures were characterized by powder X-ray diffraction (XRD, Rigaku Smartlab
3kW) equipped with filtered Cu Ka radiation (A = 1.5406 A, 40 kV, 40 mA). XRD Rietveld
refinement was conducted using the GSAS-EXPGUI package. The morphologies and
microstructures were analyzed by scanning electron microscope (SEM, Hitachi S-4800) and
transmission electron microscope (TEM, JEM-2100). The BET surface area was measured by
nitrogen adsorption-desorption isotherms (BELSORP II). The element chemical states on the
catalyst surface were determined by X-ray photoelectron spectroscopy (XPS, PHI 5000
VersaProbe) equipped with an Al Ka X-ray source. The element spectra were fitted by the XPS
Peak software with C 1s peak calibrated to 284.8 eV. TG data was collected by a thermobalance
(STA 449 F3 Jupiter). Raman spectroscopy was performed on a Horiba LabRAM HR Evolution
Raman technique.

Electrochemical measurements

Working electrodes of samples were prepared by a controlled drop-casting method.
Specifically, the catalyst ink was prepared by sufficiently sonicating a mixture of 10 mg of
catalyst, 10 mg of Super P Li and 0.1 mL of 5 wt% Nafion solution dispersed in 1 mL of



absolute ethanol. Afterwards, the 5 pL of homogenous catalyst ink was transferred onto the
polished glassy carbon electrodes (GC, 0.196 cm?, Pine Research Instrumentation).
Electrochemical measurements were conducted with a typical three-electrode electrochemical
cell (Pine Research Instrumentation) with an RDE set-up controlled by an electrochemical
workstation (CHI 760E). Ag/AgCl (3.5 M KCl) and graphite rod were used as the reference
and counter electrode, respectively. The 0.1 M KOH electrolyte was bubbled with O, for at
least 0.5 h to ensure O,-saturated for the O,/H,0O equilibrium at 1.23 V vs. RHE. Polarization
curves were collected at a rotation rate of 1600 rpm with a scan rate of 5 mV s™! from 0.2-1.0
V (vs. Ag/AgCl) range. Ohmic losses were compensated for the polarization curves with iR-
corrected: £ = E,,- iR, in which E,,, is the experimental potential, i represents the tested
current, and R is the solution resistance which is about 40 Q. Electrochemical impedance
spectroscopy (EIS) was performed from 0.1 Hz to 100000 Hz at 0.7 V (vs. Ag/AgCl) with the
influence of an AC voltage of 10 mV. Cyclic voltammetry (CV) was applied to measure the
electrochemical double-layer capacitance (Cq). The potential was swept from 0.2 to 0.3 V (vs.
Ag/AgCl) at different scan rates of 10, 20, 40, 60, 80, 100 and 120 mV s!. For the stability test,
chronopotentiometry was executed under an anodic current density of 10 mA ¢cm™2 on a carbon
cloth with a loading of 1 mg cm™.
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Figure S1. Illustration of molten-salt preparation of Prys-MS.
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Figure S2. The XRD patterns and refinements of (a) Pro sBSCF and (b) Prys-MS. The standard
card number for Pm-3m sapce group is JCPDS No. 01-082-2445.
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Figure S3. The corresponding Barrett-Joyner-Halenda (BJH) pore size distribution plots of
catalysts.
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Figure S4. (a) SEM image, (b) point EDX scanning result, and (c) SEM-EDX result of Pry -
CO304.
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Figure S5. RHE calibration of Ag/AgCl reference electrode under different pH values.
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Figure S6. (a) Polarization curves and (b) Tafel slopes of PrysBSCF, Prys-MS and Pry5-Co304

in 1 M KOH solution.

a 0.34

0.2
o3 0.1
§ ool

= -0.14
-

-0.24

0.3 T ™ T T T
114 116 1.18 120 1.22 124 1.26
E without iR-corrected (V vs. RHE)

-2
dlsk)

j(mA cm

o
s

114 1.16 118 120 122 124 126
E without iR-corrected (V vs. RHE)

—10mve" Bomvs'
.8 —20mvs' ——100mvs’
——d0mvs' 120mve’—

—eomvs'
e

-0.8 - - - - -
1.14 1.16 1.18 1.20 1.22 1.24 1.26
E without iR-corrected (V vs. RHE)

Figure S7. CV scans recorded for (a) PrysBSCF, (b) Prys-MS and (c¢) Prys-Co;0, at different

scan rates.

ECSA was reckoned by the non-faradic double layer capacitance (Cq4) method and calculated
with the following equation: ECSA = C4/C,, where C, represents specific capacitance, and it is
generally assumed that C; of the oxide is 40 uF cm™.
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Figure S8. (a) XRD pattern of Prys-Co;0, after longtime work. (b-c) SEM images of Pr -

Co;0, after longtime work.
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Figure S9. Raman spectra of Pr, 5-Co30, after longtime work.

izigure S10. TEM images of Pro‘5-Co3O.4 after longtime work.
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Figure S11. (a) Co 2p/Ba 3d XPS and (b) Fe 2p spectra of Pry5-Co;04 sample before and after

longtime work.
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Figure S12. Raman spectra of PrysBSCF, Prys-MS and Pr; 5-Co30,.
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Figure S13. XRD pattern of Co;04 which prepared with CoO via the molten-salt treatment.
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Figure S14. C1 2p XPS spectra of (a) Prys-MS and (b) Pry5-Co;0,.
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Figure S15. O 1s XPS spectra of (a) PrysBSCF, (b) Prys-MS, and (c) Prys5-Cos0, after OER.
The peak at ~535.5 eV is originated from the CFOCHF of Nafion solution, which was

introduced during electrode preparation.? 3
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Figure S16. In situ Raman spectra of Co30, at 0.8 V vs Ag/AgCl.
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Figure S17. (a) XRD patterns of catalysts with different initial CoO doping content. The X in
Pry5-Co3;04-X represents the CoO doping content of 0.01g and 0.02g. (b) Polarization curves
of three samples in 0.1 M KOH solution. (¢) Oxygen evolution activity as a function of initial

CoO doping content.
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Figure S18. The EIS Nyquist plots for three catalysts. The configuration is Ri-(R,,;-CPE;)-(R;-

CPE,), in which R; represents the ohmic resistance of electrolyte, while CPE, and CPE, are
constant phase parameters.
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Figure S19. XRD patterns of control samples (a)Pr, s+Co03;0, and (b) Prq s-MS+Co30, fabricated
by physical mixing. (c) Polarization curves of samples in 0.1 M KOH solution. SEM images of

(d)Pry5+Co0304, (€) and (f) Prys-MS+Co030,.

Table S1. XRD Rietveld refinement judgmental parameters of three samples.

Catalysts R, (%) R,(%) Ry (%0) GOF
PrysBSCF 5.37 4.25 348 1.46
Pros-MS 5.38 431 3.46 1.45
3.9 2.92 2.82 1.38

Proé-C0304

Table S2. Tafel slopes and overpotential required to achieve a current density of 10 mA cm?

for the related OER catalysts.

Catalysts Electrolyte #10 (mV) Tafel slop1§ (mV dec Reference
Pro.s-C0304 0.1M KOH 360 S8 This work
1 M KOH 342 51

PrBao_5Sr0_5C01_5Feo,505+5—III 0.1 M KOH 358 52 Ref*
PrBay sSr; sCo, sFeysOs4s film 1 M KOH 460 94 Ref®
PrBaCo0,0s 75 1 M KOH 360 70 Ref®
Bag,58r045C0048Feo_203_5 0.1 M KOH 490 84 Ref?
LaSr3C01_5Fel_5010_5 0.1 M KOH 388 84 Ref?
Bao‘35Sr0‘65C00.gFeo.2O3_5 0.1 M KOH 260 N.A. Ref®
Co;0,4 nanotubes 1 M KOH 390 76 Ref!0
Co030347F 13 0.1 M KOH 430 56 Ref!!
V-LaCo0;_5/Co050,4 1 M KOH 354 73 Ref!2
Co0;0./Co-Fe oxide 1 M KOH 297 61 Ref!3
Co0304/Lag3Sry7,C005 0.1 M KOH 380 75 Ref!4

N.A. =Not available.



Table S3a. The relative amounts of the four different surface oxygen species of three samples
before OER.

Catalysts Ohastice (%) 0,2/0(%) OH/0,(%) H,0(%)
Pr,sBSCF 22.1 19.0 53.2 5.7
Pr,-MS 32.9 10.1 44.5 12.5

Prys-C030, 43.6 13.3 34.1 9.0

Table S3b. The relative amounts of the four different surface oxygen species of three samples
after OER.

Catalysts Ohattice (%) 0,2/0(%) OH/0,(%) H,0(%)
Pr,sBSCF 15.2 11.2 17.8 55.8
Prys-MS 19.4 13.9 28.4 38.3

Pry5-C0;0, 28.4 20.7 35.8 15.1

The content of CHFCFO was excluded for the convenient comparison with the sample states
before OER.
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