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Experimental Section 

Materials: CF was purchased from Ailantian Advanced Technology Materials Co. 

Ltd (Dalian, China). NaOH, RuCl3·3H2O, and Co(NO3)2·6H2O were purchased from 

Aladdin Ltd. (Shanghai, China). Hydrochloric acid (HCl) and ammonium persulfate 

(APS) with analytical grade were purchased from Tianjin Fuchen Chemical Reagent 

Factory. Nafion (5 wt%) was purchased from Sigma-Aldrich. All reagents were used 

as received. The water used throughout all experiments was purified through a 

Millipore system. 

Preparation of Cu(OH)2 NA/CF and CuO NA/CF: CF was firstly washed with HCl, 

water several times to remove the surface oxide. Then it was rapidly immersed into an 

aqueous solution with 0.92 g APS, 3 ml ammonia (14 mol L-1) and 3.2 g NaOH at 

room temperature for 20 min. Following this, the Cu(OH)2 NA/CF was dried at 70 ℃ 

for 10 h in vacuum oven for use. To obtain CuO NA/CF, Cu(OH)2 NA/CF was placed 

in the furnace, heated to 300 ℃ under air atmospheres for 2 h.  

Preparation of Co-CuO NA/CF: To obtain Co-CuO NA/CF, CuO NA/CF and 38 

mL ethylene glycol with 1 mM Co(NO3)2•6 H2O were placed to a 40 mL Teflon-lined 

stainless-steel autoclave and heated at 120 ℃ for 2h, and the resulting material was 

then rinsed with deionized water for several times and then dried at 60 °C for 12 h in 

vacuum oven.  

Electrochemical measurements: Electrochemical measurements were performed 

with a CHI 760E electrochemical analyzer (CH Instruments, Inc., Shanghai) in a 

conventional three-electrode system. Graphite rod, Hg/HgO, and Co-Cu NA/CF were 

used as counter, reference and working electrodes, respectively. Overpotentials (η) 

were calculated by the following equation: η = E (RHE) – 1.23 V, where E (RHE) = E 

(Hg/HgO) + (0.098 + 0.059 pH) V. All experiments were carried out at room 

temperature (298 K).  

TOF calculation: To calculate TOF, the surface concentration of active sites needs to 

be quantified by electrochemistry. we make a rough estimation of TOF for each active 

site using the following equation:  
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TOF = JA/4F m    (1) 

Where J is current density (A cm-2) at defined overpotential during the LSV 

measurement in 1 M KOH; A is the geometric area of the electrode; 4 indicates the 

mole of electrons consumed for evolving one mole of O2 from water; F is the Faradic 

constant (96485 C mol-1); m is the number of active sites (mol), which can be 

extracted from the linear relationship between the oxidation peak current and scan rate 

using the following equation: 

Slope = n2F2m/4RT  (2) 

Where n is the number of electrons transferred; F is the Faradic constant; A is the 

surface area of the electrode; R and T are the ideal gas constant and the absolute 

temperature, respectively. 

FE determination: The FE was calculated by comparing the amount of measured O2 

generated by potentiostatic anodic electrolysis with calculated O2 (assuming 100% 

FE). GC analysis was carried out on GC-2014C (Shimadzu Co.) with thermal 

conductivity detector and nitrogen carrier gas. Pressure data during electrolysis were 

recorded using a CEM DT-8890 Differential Air Pressure Gauge Manometer Data 

Logger Meter Tester with a sampling interval of 1 point per second. 

Characterizations: Powder XRD data were collected on Bruker D8 ADVANCE 

Diffractiometer (λ=1.5418 Å). SEM measurements were performed on a XL30 ESEM 

FEG scanning electron microscope at an accelerating voltage of 20 kV. TEM 

measurements were performed on a HITACHI H-8100 electron microscopy (Hitachi, 

Tokyo, Japan) with an accelerating voltage of 200 kV. XPS spectra were acquired on 

a Thermal ESCALAB 250 spectrometer using an Al Kα X-ray source (1486.6 eV 

photons). To determine the contents of Co2+ and Cu2+ by ICP-OES, the material was 

completely dissolved in 10 mL diluted hydrochloric acid (0.1 M) and then the solution 

was diluted to 50 mL by deionized water, which was analyzed by a Perkin Elmer 

2000 DV ICP Optical Emission Spectrometer. The samples were collected from the 

films prior to the measurement and BET surface areas were measured by N2 

adsorption and desorption at 77 K on a Quadrasorb SI-MP Analyser from 
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Quantachrome Instrument Company and analysed by means of computer using 

quadrasorb win software.  
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Figure. S1 EDX spectrum of Co-CuO NA/CF. 
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Figure S2. XPS survey spectrum for Co-CuO. 
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Figure S3. XPS spectra in the (a) Cu 2p region for CuO and (b) Co 2p region for 

CoO.   
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Figure S4. (a) XRD and (b) TEM analyses for Co-CuO after OER test. 
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Figure S5. N2 adsorption/desorption isotherms of (a) CuO and (b) Co-CuO.  
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Figure S6. LSV curve normalized by BET surface area for Co-CuO NA/CF. 
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Figure S7. (a) CVs of Co-CuO NA/CF at different scan rates in 1 M KOH. (b) Plot of 

oxidation peak current vs. scan rate for Co-CuO NA/CF. (c) The relationship between 

potentials and TOF recorded from Co-Cu NA/CF. 
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Table S1. Comparison of OER performance for Co-CuO NA/CF with other OER 

electrocatalysts in alkaline media. 

Catalyst j (mA cm
-2
) η (mV) Electrolyte Ref. 

Co-CuO NA/CF 
50 299 1 M KOH 

This work 
100 330 1 M KOH 

Cu3P NB/Cu NB 10 380 1 M KOH 1 

Cu3P 50 412 0.1 M KOH 2 

CuOx 50 707 0.1 M KOH 2 

CoOx@CN 10 260 1 M KOH 3 

Nitrogen-doped 

crumpled 

graphene CoO 

10 340 1 M KOH 4 

CuxCo3-xO4 100 367 1 M KOH 5 

Cu(OH)2@CCHH 

NW/CF 
50 270 1 M KOH 6 

Co-P 50 420 1 M KOH 7 

Co-S 50 410 1 M KOH 8 

ETC-Co0.5Fe0.5O 50 290 1 M KOH 9 

Cu@NCNT/CoxOy 10 370 1 M KOH 10 

Ir-Cu nanoframe 
structures 

10 340 1 M KOH 11 

NiCuP  10 292 1 M KOH 12 
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