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Experimental section 

Catalyst preparation. The catalyst powders NaCo1-xFexO2 (x=0, 0.05, 

0.1) were prepared via a facile combined EDTA-citrate complexing sol-gel 

method. In a typical synthesis, the required stoichiometric transition metal 

nitrates (all analytical grade, Sinopharm Chemical Reagent Co., Ltd.) as raw 

materials were dissolved in deionized water under stirring. Then, the 

complexing agents of EDTA and citrate acid were poured into the obtained 

solution in a 1:1:2 molar ratio of total transition metal cations:EDTA:CA, 

followed by adding NH3 aqueous solution to adjust the pH to 5. During the 

entire process, continuous stirring and heating at 90 °C were necessary to 

obtain a transparent gel. The resulting solid precursor was acquired by heating 

the gel at 250 °C for 5 h in a furnace. In the end, NaCo1-xFexO2 powders were 

obtained by calcining the solid precursors at 800 °C for 5 h in air. 

Material Characterizations. To determine and evaluate the crystal 

structure and phase purity, XRD patterns of the resultant powders were 

collected by X-ray powder diffraction (XRD, Rigaku Smartlab) with Cu Kα 

radiation (λ=1.5418 Å) in the 2θ range of 10 to 90° at room temperature with a 

tube voltage of 40 kV, tube current of 40 mA and an interval of 0.02°. Further 

crystal structure parameters were explored by Rietveld refinement of the XRD 
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patterns, assisted by the general structure analysis system (GSAS) program and 

EXPGUI interface. The chemical compositions of the as-prepared samples 

were determined by applying inductively coupled plasma-optical emission 

spectrometry (ICP-OES, PerkinElmer). The specific surface areas of the 

catalyst powders were investigated using a nitrogen adsorption-desorption 

analyser (BELSORP II) and calculated by the Brunauer-Emmett-Teller (BET) 

method. The morphologies of the powders were inspected by using an 

environmental scanning electron microscope (ESEM, QUANTA-2000). The 

surface chemical states of the samples were obtained by X-ray photoelectron 

spectroscopy (XPS, PHI5000 VersaProbe spectrometer) equipped with an Al 

Kα X-ray radiation source, where the binding energies were corrected to the 

adventitious C 1s peak at 284.6 eV and the data were fitted by the public 

software package XPSPEAK. 

Electrochemical measurements. All electrochemical measurements were 

conducted using a typical three-electrode system, in which a platinum plate, 

Ag|AgCl (3.5 M KCl), and a rotating risk electrode of glassy carbon (GC-RDE, 

5 mm diameter, 0.196 cm2) coated with the electrocatalyst suspension acted as 

the counter, reference, and working electrode, respectively. The working 

electrode was connected to an electrochemical workstation (PARSTAT 2273, 

Princeton Applied Research) and tested in O2-saturated 0.1 M KOH electrolyte 

(99.99% metal purity, pH ~12.6) at room temperature. The GC substrate was 

pre-polished by α-Al2O3 (50 nm) before each test. Note that working electrodes 
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were fabricated in two steps: a mixture of the catalyst powder (10 mg), 

conductive carbon (Super P Li, 10 mg), Nafion solution (5 wt%, 100 µL), and 

absolute ethanol (1 mL) were homogeneously dispersed by sonication to obtain 

the required electrocatalyst suspension; a 5 µL aliquot of the resultant 

suspension was loaded on the surface of the GC substrate, which generated an 

approximate catalyst loading of 0.232 mgoxide cm-2
disk; and the obtained 

working electrode was dried for 1 h. The GC-RDE rotation speed was set at 

1600 rpm to eliminate the influence of oxygen bubbles on the GC surface 

during electrochemical measurement. Linear sweep voltammetry was carried 

out at a scan rate of 5 mV s-1 with voltages ranging from 0.2 to 1.0 vs. 

Ag|AgCl (3.5 M KCl). Cyclic voltammetry measurements were carried out at a 

scan rate of 100 mV s-1 with voltages ranging from 0.2 to 0.8 vs. Ag|AgCl (3.5 

M KCl). The mass activity normalized to the catalyst mass loading (MA) and 

specific activity normalized to the surface area (SA), shown in Fig. 2, were 

calculated by the following equations: MA=J/m and SA=J/(10×m×as, BET), 

where J is the current density at η=0.45 V and m is the catalyst loading on the 

working electrode. All potential values were iR-corrected by the calculation: 

iR-corrected E=E-iR, where i represents the current and the electrolyte 

resistance R approximately equals ~45 ohm, measured by high-frequency AC 

impendence under the above-mentioned test conditions. Electrochemical 

impedance spectroscopy (EIS) was recorded at 0.7 V vs. Ag|AgCl (3.5 M KCl) 

from 105 to 0.1 Hz at an amplitude of 10 mV. Durability tests were measured 
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using the chronopotentiometry method with a current density of 5 mA cm-2 for 

3 h. 

 
 

 

 
Figure S1 (a) Nitrogen adsorption-desorption isotherm curves of NC catalyst, 
suggesting that the BET surface area is 0.71 m2 g-1. (b) Nitrogen 
adsorption-desorption isotherm curves of NCF0.05 catalyst, suggesting that the BET 
surface area is 0.99 m2 g-1. 

 

Figure S2 Properties of IrO2 catalyst (Aladdin Industrial Corporation) (a) SEM image. 
(b) Nitrogen adsorption-desorption isotherm curves (as, BET=141.79 m2 g-1). 
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Figure S3 RHE calibration of the Ag/AgCl reference electrode in 0.1 M KOH. The 
calibration was performed on the working electrode of a platinum rotating disk 
electrode (PINE, 4 mm diameter, 0.126 cm2) in the high purity hydrogen-saturated 0.1 

M KOH electrolyte. Cyclic voltammetry (CV) was run at a scan rate of 1 mV s-1, and 
the average of the two potentials at which the current crossed over zero, which was 
approximately 0.947 V, was taken to be the thermodynamic potential for the hydrogen 
electrode reaction. In 0.1 M KOH solution, ERHE = EAg|AgCl (3.5 M KCl) +0.947 V, η = 
ERHE-1.23 V= EAg|AgCl (3.5 M KCl)-0.283 V. 

 

 
Figure S4 (a) OER polarization curves of IrO2 with a scan rate of 5 mV s-1 at the 
rotation speed of 1600 rpm in O2-saturated 0.1 M KOH electrolyte on the RDE. (b) 
Corresponding Tafel plots. 
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Figure S5 CV measurements in a non-faradic current region (1.147-1.197 V vs. RHE, 
no iR-corrected) at scan rates of 10, 20, 40, 60 and 80 mV s-1 for NC. 

 

 

Figure S6 XPS survey spectra of as-obtained Na0.86CoxFe1-xO2 electrocatalysts. a. NC 
powders, b. NCF0.05 powders. 
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Figure S7 XPS Co 2p spectra of as-obtained Na0.86CoxFe1-xO2 electrocatalysts. 

 

Figure S8 Schematic illustration of single-metal-site mechanism for OER on the 

surface of NC, where blue and yellow represents species in the solution and on the 
catalysts surface, respectively. 
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Table S1 Rietveld refinement results of NC and NCF0.05. 

Sample Structure 
Space 
group 

Lattice parameters 
Rp Rw χ2 

a(Å) c(Å) c/a 

NC layered P63/mmc 2.8324 10.9439 3.864 1.45 2.50 1.45 
NCF0.05 layered P63/mmc 2.8301 10.9937 3.885 1.26 2.56 1.26 

 

Table S2 Bulk and surface compositions of as-prepared NC and NCF0.05 
electrocatalysts in assistance of ICP-OES. 

Nominal 
composition 

Metal ions 
concentrations 

(mg L-1) 
ICP-OES compositions 

Na Co Fe 

NaCoO2 18.73 55.86 \ Na0.86CoO2 
NaCo0.95Fe0.05O2 18.83 53.03 2.66 Na0.86Co0.95Fe0.05O2 

 
Table S3 Comparison of catalytic activity of as-prepared NCF0.05 oxides towards 

OER with non-precious electrocatalysts. 

Catalyst Electrolyte 
Overpotential 

 (V) 
Tafel slope 
 (mV dec-1) 

Refs. 

NCF0.05 0.1 M KOH 0.45 60 This work 
NC 0.1 M KOH 0.54 77 This work 

LiCoO2 0.1 M KOH 0.43 83 1 

CoFeOx 0.1 M KOH 0.49 89 2 
Fe doped nanocast 

Co3O4 
0.1 M KOH 0.49 N/A 3 

CoFe2O4/biocarbon 0.1 M KOH 0.42 N/A 4 
Microsphere 

NiCo2O4/rGO 
0.1 M KOH 0.51 62 5 

PNC/Co 1 M KOH 0.37 76 6 
Mn3O4/CoSe2 

Nanocomposite 
0.1 M KOH 0.45 49 7 

CoO(OH) 0.1 M KOH 0.44 N/A 8 

CoMnO 0.1 M KOH 0.43 N/A 9 
O2-BSCF 0.1 M KOH 0.42 130 10 

nsLaNiO3/NC 0.1 M KOH 0.43 42 11 
NiCo2O4/G 0.1 M KOH 0.55 164 12 

CoNP@NC-NG-800 0.1 M KOH 0.46 89 13 

NiCo2S4@N/S-rGO 0.1 M KOH 0.47 N/A 14 
Co0.5Fe0.5S@NMC 1 M KOH 0.41 159 15 
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Table S4 O 1s XPS peak deconvolution results 

Electrocatalysts Lattice O2- O2
2-/O- -OH/O2 H2O/CO3

2- 

NC 32.06% 26.34% 26.19% 15.41% 
NCF0.05 26.36% 30.49% 27.57% 15.58% 
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