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Section S1. Experimental section

Chemicals. 

All chemicals were of analytical grade and used without further purification. Sr(NO3)2, 

Co(NO3)2·6H2O, Fe(NO3)3·9H2O, citric acid were purchased from Macklin Chemical 

Reagent Co., Ltd. KOH, ethylene glycol (C2H4O2H2), acid (HNO3), and absolute 

alcohol were purchased from Sinopharm Chemical Reagent Co., Ltd. Nafion were 

obtained from Alfa Aesar. 

Characterization of SCFO and SCFO-x. 

Powder X-ray diffraction (XRD) spectra of SCFO and SCFO-x were obtained with 

a D8 powder XRD system (Bruker) using Cu Kα (λ = 1.5418 Å) as the X-ray source. 

Symmetric θ/2θ measurements were performed in the 2θ range of 10−80° with at the 

scan rate 1° per minute. The microscopic morphology of the electrocatalyst and energy-

dispersive X-ray spectroscopy (EDS) data were measured using a field emission 

scanning electron microscope (SEM, FEI Inspect F50). The transmission electron 

microscopy (TEM, FEI Tecnai F30 Twin) was used to characterize the interplanar 

spacings and the microscopic structure. The surface valence of elements was 

investigated from X-ray photoelectron spectra (XPS, Thermo Fisher, Escalab 250Xi). 

Binding energy of C1s, located at 284.8 eV, was taken as the reference standard. The 

specific surface area of as-prepared catalyst samples was measured by the low-

temperature nitrogen adsorption and desorption (Quantachrome Instruments) and 

calculated according to Brunauer-Emmett-Teller (BET) method. The molar ratio of the 

sample elements was determined by inductively coupled plasma atomic emission 

spectrometry (ICP).

Electrochemical Performances of SCFO and SCFO-x. 

Electrochemical measurements were performed on an electrochemical workstation 

(CHI 760E) in a standard three-electrode system. A graphite rod and an Hg/HgO 

electrode were used as the counter and the reference electrodes, respectively. All tests 

were measured in a solution of 1.0 M KOH (pH = 14). The working electrodes were 

prepared by loading the catalyst inks onto glassy carbon. The catalyst inks were 
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prepared using a typical method as follows: 10 mg of materials were dispersed in a 

mixed solution containing 1 mL of ethanol and 70 μL of a Nafion solution (5 wt %, 

Sigma-Aldrich). The mixture was then sonicated for 30 min to form a homogeneous 

ink. Then, 3 μL as-prepared ink was dropped and then dried on a mirror-polished glassy 

carbon electrode (GCE), giving rise to a catalyst mass loading of 0.397 mg cm−2. 

The O2-saturated 1.0 M KOH solution was used as an electrolyte. During the test, 

magnetic stirring (400 r·min-1) was used to remove the formed O2 bubbles on the 

working electrode. Before the test, the cyclic voltammetry (CV) activation was 

performed from 1.03 to 1.13 V (vs reversible hydrogen electrode, RHE) at a scanning 

rate of 10 mVs-1 until the material reached a stable state. All potentials were converted 

to a RHE scale through the following equation: E (vs. RHE) = E (vs. Hg/HgO) + 0.098 

+ 0.0591 × pH. Linear sweep voltammetry (LSV) was tested at a scan rate of 5 mVs-1 

and without internal resistance (iR) compensation. The Tafel slopes of the catalysts 

were obtained to study the electrocatalytic kinetics of the OER through the equation η 

= a + blog j. In which j, a, b, and η represented the current density, fitting parameter, 

Tafel slope, and overpotential respectively. The electrochemical double-layer 

capacitance (Cdl) can be obtained by measuring the current density at different scan 

rates (20, 40, 60, 80, 100 mVs-1) on the non-Faraday region by cyclic voltammetry. 

Then, the plots of half of the capacitive current (ΔJ, (Janodic − Jcathodic)/2) against the scan 

rate were plotted, and the slope was calculated and defined as the double-layer 

capacitance (Cdl). Therefore, the current was expected to be linearly proportional to the 

active surface area owing to the charging of the double layer. Electrochemical 

impedance spectroscopy (EIS) was recorded at open circuit potential with an amplitude 

of 10 mV and the frequency from 106 to 10-2 Hz. Chronopotentiometry measurement 

was used to evaluate the stability of the catalysts a constant current density of 10 mA 

cm−2.
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Table S1. Comparison of OER activities of our catalyst with those of previously 

reported catalysts.

Catalysts Electrolyte overpotential 
@10 mA cm-2 

(mV)

Tafel
(mV dec-1)

Reference

SCFO-24 1M KOH 300 59.62 This work

Sr6(Co0.8Fe0.2)5O15 1M KOH 318 54 1

La0.9Sn0.1NiO3−δ 1M KOH 318 74 2

LaFe0.2Ni0.8O3 1M KOH 302 50 3

La0.6Sr0.4Co0.8Fe0.2O3 1M KOH 353 63 4

La0.6Sr0.4Co0.2Fe0.2Mn0.2

Ni0.2Mg0.2O3

1M KOH 320 45 5

KNi0.8Co0.2F3 1M KOH 310 49 6

LaCo0.8V0.2O3 1M KOH 306 40 7

GdCoO3 1M KOH 320 53.5 8

Table S2. Relative oxygen concentration of SCFO and SCFO-24 catalysts.

Lattice O O2
2−/O− Surface OH−/O2 Surface H2O

SCFO 0.069 0.118 0.694 0.118

SCFO-24 0.047 0.442 0.274 0.236



S6

Figure S1. SEM images of (a) SCFO, (b) SCFO-3, (c) SCFO-6, (d) SCFO-12, (e) 

SCFO-24, and (f) SCFO-28.

Figure S2. (a) SEM image and (b) N2 adsorption/desorption isotherms and the 

corresponding surface area of SCFO-28.
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Figure S3. SEM-EDS mapping for SCFO and SCFO-x.



S8

Figure S4. (a-b) TEM image of SCFO, (c) lattice diffraction pattern of SCFO, (d-f) 

TEM images of SCFO-24.

Figure S5. CVs of SCFO and SCFO-x at different scan rates (20, 40, 60, 80, 100 mV/s) 

under nonfaradaic region in O2-saturated 1.0 M KOH solution.
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Figure S6. ECSA-corrected LSV curves of SCFO and SCFO-x.

Figure S7. Chronopotentiometry curve of SCFO-24 for 20 h.
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Figure S8. XPS spectra of (a) Co 2p and (b) Fe 2p of SCFO and SCFO-24 catalysis.

Figure S9. TGA curve of SCFO-24.
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