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Supplemental Experimental Procedures

Fabrication of cyclic macromolecular Mo-Ce polyoxometalates precursors and 

amorphous Mo-Ce oxides: The cyclic macromolecular Mo-Ce polyoxometalates was 

synthesized in accordance with published procedures 1. Specifically, CeCl3·7H2O (20 

mg, 0.05 mmol, Innochem, China) and hydrazine dihydrochloride (3 mg, 0.02 mmol, 

Innochem, China) were dissolved in 5 mL of deionized water. Then, 1 M HCl (0.4 mL, 

0.4 mmol) were added with stirring. Subsequently, Na2MoO4·2H2O (50 mg, 0.2 mmol, 

Aladdin, China) were added to the mixture. When the pH value of the solution reached 

around 1.8, the mixture was placed in an oven at 100 oC for 3-4 days to form dark blue 

rhombic shaped crystals. After the reaction, the samples were centrifuged and separated 

with a mixture of ethanol and deionized water several times. This material was named 

as Mo-Ce POMs. Afterwards, the synthesized precursor was annealed in N2 at 400 oC 

for 2 h, which named as MoCeOx.

Fabrication of amorphous Mo-Ce oxides supported single-atom Co catalysts: To 

synthesize amorphous Mo-Ce oxides supported single-atom Co oxides, we added 

CoCl2·6H2O as the cobalt source during the synthesis of Mo-Ce polyoxometalates 

precursors. In particular, we dissolved CeCl3·7H2O (20 mg, 0.05 mmol, Innochem, 

China), hydrazine dihydrochloride (3 mg, 0.02 mmol, Innochem, China) and 

CoCl2·6H2O (11.9 mg, 0.05 mmol, Aladdin, China) in 5 mL of deionized water. Other 

synthesis methods are the same as cyclic macromolecular Mo-Ce polyoxometalates 

precursors catalysts. And this sample is named as CoSA-Mo-Ce POMs. To study the 

effect of Co content on the OER activity, 0. 005, 0.05 and 0.15 mmol CoCl2·6H2O were 
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added in 5 mL of deionized water, and the resulting precursors were named as CoSA0.1-

Mo-Ce POMs, CoSA-Mo-Ce POMs, CoSA3-Mo-Ce POMs, which based on the 

proportion of the precursor input. Then, the synthesized precursors were annealed in N2 

at 400 oC for 2 h, and these samples were named as CoSA0.09-MoCeOx, CoSA-MoCeOx, 

and CoSA1.81-MoCeOx, respectively.

Fabrication of bamboo-like carbon nanotubes (BCT): First, dicyandiamide (5.0 g, 

Innochem, China) and CoCl2·6H2O (2.2 g, Aladdin, China) were dissolved in 300 ml 

of deionized water and stirred for dry at 100 oC. Afterwards, the mixture was taken out 

and ground into powder, and then the powders were annealed in Ar at 800 °C for 1 h. 

Subsequently, the heat-treated samples were leached in 2 M HCl for 24 h to remove the 

metal particles remaining in catalysts. Finally, this sample was centrifuged and 

separated with a mixture of ethanol and deionized water several times and dried at 80 

oC.

Fabrication of amorphous Mo-Ce oxides supported single-atom Co catalysts coated 

with bamboo-like carbon nanotubes (CoSA-MoCeOx@BCT): BCT (25 mg) was put into 

a three-necked flask with an air valve, and evacuated to ca. 30 Pa. Then, the ethanol 

mixture (20 ml) dissolved with 25 mg CoSA-Mo-Ce POMs precursor was quickly 

dropped into the three-necked flask and magnetically stirred for 5 h. The sample was 

filtrated and freeze-dried, then washed repeatedly with deionized water and dried under 

vacuum. Then, the as-prepared ground samples were put into a tube furnace and heated 

at 400 °C for 2 hours in a N2 gas flow. This sample was named as CoSA-MoCeOx@BCT.

Fabrication of CoSA-MoCeOx@BCT loaded electrodes: The electrocatalysts (5 mg) and 
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Vulcan XC-72 carbon powder (5 mg) were dispersed in a mixture of 1 ml of deionized 

water and isopropanol (Aladdin, China) with a volume ratio of 3: 1, with 40 μl of 5% 

Nafion solution as a binder. After ultrasonication for 30 minutes, 30 μl of homogeneous 

ink was dropped on a carbon paper substrate (Fuel Cell Earth, TGP-H-060) (area, 0.25 

cm2) and fully dried in air at room temperature. The mass loadings of the 

electrocatalysts onto carbon paper were controlled at approximately 0.6 mg cm−2.

Fabrication of IrO2/C and Pt/C loaded electrodes: IrO2/C commercial catalysts 

(Aladdin, China, 99%) or 20% Pt/C commercial catalysts (Johnson Matthey, USA, 

99%) were dispersed in 1 ml of isopropanol with 40 μl of 5% Nafion and ultrasonicated 

for 30 minutes. Later, the solution was loaded on the surface of a carbon paper substrate 

(Fuel Cell Earth, TGP-H-060) (area, 0.25 cm2) with a loading of 0.6 mg cm-2 for IrO2 

or 20% Pt/C catalysts.

Material characterizations: Infrared spectroscopy were collected in transmission mode 

using an ATR fitted Nicolet iS50R spectrometer (Thermo Scientific, USA). UV-vis 

spectra were recorded on a Lambda 35 spectrophotometer (PerkinElmer, USA) using 1 

cm pathlength cuvettes. Thermogravimetric analysis characterizations were performed 

on a Pyris1 TGA Thermogravimetric analyzers (PerkinElmer Instruments, China) 

under N2 atmosphere with a heating rate of 10 oC min-1. Mass spectrometry 

characterization were performed on a bruker ultraflextreme MALDI-TOF/TOF 

instrument (Bruker, USA). Transmission electron microscopy (TEM) characterizations 

were obtained on a Tecnai G2 transmission electron microscope (FEI, USA). High-

resolution transmission electron microscope (HR-TEM) was carried out by a Talos 
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F200X transmission electron microscope (FEI, Netherlands). X-ray diffraction (XRD) 

patterns were obtained using a DMAX-2400X-ray diffractometer (Rigaku, Japan). 

Raman measurements were performed using a LabRAM HR Evolution (Horiba 

JobinYvon, France) with 532 nm excitation wavelength. X-ray photoelectron 

spectroscopy (XPS) was carried out with an Axis-Ultra DLD-600W X-ray 

photoelectron spectrometer (Shimazu, Japan). X-ray fluorescence (XRF) patterns were 

obtained from EAGLE III operated at 40 kV. Inductively coupled plasma-optical 

emission spectrometry (ICP-OES) were carried out by an iCE 3000 Series AA 

spectrometer (Thermo Scientific, USA). X-ray absorption spectroscopy (XAS) was 

determined by the XAS measurement at the beamline BL11B1 of the shanghai 

Synchrotron Radiation Facility (SSRF). 

Electrochemical characterization: The OER polarization curves were carried out with 

a CHI 760D (Chenhua, China) electrochemical workstation in 0.5 M H2SO4 electrolyte 

in a typical three-electrode system with a scan rate of 5 mV s-1 at room temperature. 

The as-prepared CoSA-MoCeOx@BCT sample was used as the working electrode for 

electrochemical characterizations, the Ag/AgCl reference electrode was used as 

reference electrode and a commercial carbon rod was used as counter electrode. The 

potential was calibrated to reversible hydrogen electrode (RHE) through measuring the 

potential difference between the Ag/AgCl reference electrode and RHE. The Faraday 

efficiency of MoCeOx, CoSA-MoCeOx and CoSA-MoCeOx@BCT samples were carried 

on a Shimadzu GC-2014 gas chromatograph (Shimadzu, Japan) in 0.5 M H2SO4 

electrolyte to analyze the composition of gas products by using a two-electrode system 
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(Pt/C catalysts as the cathode). The long-time overall acid solution water splitting 

stability curves were carried on a LAND C3001B battery measurement system (Wuhan, 

China) in 0.5 M H2SO4 electrolyte and the CoSA-MoCeOx@BCT electrodes and 

commercial Pt/C materials were used as anode and cathode, respectively. All 

electrochemical measurements do not have any iR compensation.

Electrochemical impedance spectroscopy measurements: To evaluate the charge 

transfer resistance, electrochemical impedance spectroscopy measurements were 

carried out by applying an AC voltage of 10 mV in the frequency range of 100000-0.1 

Hz at 1.47 V (vs RHE).

Proton exchange membrane water electrolyzers (PEMWEs): Membrane electrode 

assemblies (MEAs) were prepared using a Nafion®117 polymer membrane (DuPont, 

thickness 177.8 µm, N117). Before MEAs preparation, the N117 membrane was boiled 

separately for half an hour in the following solutions to remove possible contaminants 

and ensure complete protonation: first 3 wt.% H2O2, then Milliq ultra-pure water, then 

1.0 M H2SO4, and finally Milliq ultra-pure water. Finally, the N117 film is dried in a 

40 °C oven for several hours before use. CoSA-MoCeOx@BCT materials and the 

commercial Pt/C catalysts were used as the anode and cathode, and the mass loadings 

were controlled at 3.2 mg cm−2 of CoSA-MoCeOx@BCT and 0.2 mg cm−2 of 

commercial Pt/C catalysts, respectively. The effective area of the MEA was 5 cm2. 

Electrolysis tests were conducted using a single cell PEMWE. The titanium meshes 

were used as gas diffusion layers for both the anode and cathode. During the test, the 

cell was maintained at room temperature, and the pre-heated DI water was fed to the 
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anode at a flow rate of 10 ml min−1 (pipe diameter 4.8 mm).

In situ Raman experimental details: Raman measurements were performed using a 

LabRAM HR Evolution (Horiba JobinYvon, France) with 532 nm excitation 

wavelength. Before the test, the samples and Vulcan XC-72 carbon powder were 

dropped on a carbon paper substrate (Fuel Cell Earth, TGP-H-060) (area, 1 cm2) at a 

ratio of 1:1 and fully dried in air at room temperature. The mass loading of the 

electrocatalysts on the carbon paper were controlled at about 0.6 mg cm−2. All the in 

situ spectra were collected in an in situ Raman gas diffusion H-type electrolytic cell 

(gaossunoin, China) with 0.5 M H2SO4 as the electrolyte after the samples were 

operated at constant voltage for 5 min.

Operando x-ray absorption structure (XAS) spectroscopy experimental details: The 

operando Co K-edge XAS spectroscopy of the CoSA-MoCeOx electrocatalyst were 

collected on the beamline BL11B1 of the shanghai Synchrotron Radiation Facility 

(SSRF). A cobalt foil is used to calibrate the energy. During the operando XAS 

measurements, the method of constant potential is applied. Operando XAS 

spectroscopy signals were collected in fluorescence mode using an in situ 

electrochemical cell with polyimide film windows (XAFS-2, gaossunoin, China). To 

monitor the changes of electrodes during the OER process, anodic voltages from 1.1 to 

1.5 V versus RHE are applied for CoSA-MoCeOx catalysts, respectively. For each XAS 

spectroscopy collection, the selected constant potential is first applied to the electrodes 

in 0.5 M H2SO4 electrolyte for 10 min as the pretreatment step. Subsequently, the XAS 

spectra of electrocatalysts are collected through a fluorescence mode within 30 min. It 
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would take about 40 min for the XAS measurement under each constant potential 

applied. The data reductions of the experimental spectra to normalized XANES and 

Fourier-transformed radial distribution functions (RDFs) were performed through the 

standard XAS procedure.

Lattice oxygen ion diffusion coefficients measurement: The same three-electrode 

configuration was used for the measurement, and the LSV scanning was performed in 

sulfuric acid solutions with pH=0, 1, 2, and 3 respectively to obtain the OER 

polarization curves with a scan rate of 5 mV s-1 at room temperature. The electrolytic 

current density of water splitting was recorded under the voltage of 1.6 V, and linear 

fitting was performed to estimate the oxygen ion diffusion coefficient of different 

samples.

In situ 18O isotope labeling differential electrochemical mass spectrometry (DEMS) 

experimental details: The in situ DEMS experiments of the CoSA-MoCeOx@BCT 

electrocatalyst on an in situ differential electrochemical mass spectrometer provided by 

Linglu Instruments (QAS100, Shanghai) Co. Ltd. First, pristine samples were 

isotopically labeled with 18O in 18O-labeled 0.5 M H2SO4 solution at 1.5 V for 10 min. 

The resultant electrodes were then rinsed several times with H2
16O and dried in an oven 

to remove residual H2
18O. After these processes, the samples were subjected to 

chronoamperometry at 1.5 V for in situ DEMS measurements. To exclude the influence 

of 18O natural abundance, the mass signal of 34O2 is normalized by the total signal 

intensity of 36O2 obtained in the same test, and the total signal intensity of 32O2 and 34O2 

is defined as the integrated area of the intensity curve.
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Computational methods: Spin-polarized DFT calculations were performed using the 

Vienna ab initio simulation package (VASP). 2 3 The generalized gradient 

approximation proposed by Perdew, Burke, and Ernzerhof (GGA-PBE) is selected for 

the exchange-correlation potential. 4 The pseudo-potential was described by the 

projector-augmented-wave (PAW) method. 5 The geometry optimization is performed 

until the Hellmann–Feynman force on each atom is smaller than 0.02 eV·Å-1. The 

energy criterion is set to 10−6 eV in iterative solution of the Kohn-Sham equation.



10

Fig. S1 XRD patterns of Mo-Ce POMs and CoSA-Mo-Ce POMs, respectively.
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Fig. S2 TEM images of Mo-Ce POMs and CoSA-Mo-Ce POMs, respectively.
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Fig. S3 IR spectrum of Mo-Ce POMs and CoSA-Mo-Ce POMs, respectively.
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Fig. S4 UV-VIS spectrums of Mo-Ce POMs and CoSA-Mo-Ce POMs, respectively.
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Fig. S5 XRD patterns of MoCeOx, CoSA-MoCeOx, BCT, MoCeOx@BCT and CoSA-

MoCeOx@BCT.
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Fig. S6 TEM images of (a) MoCeOx, (b) CoSA-MoCeOx, (c) BCT and (d) 

MoCeOx@BCT, respectively.
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Fig. S7 XRD patterns of CoSA0.09-MoCeOx and CoSA1.81-MoCeOx, respectively.
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Fig. S8 TEM images of CoSA0.09-MoCeOx and CoSA1.81-MoCeOx, respectively.
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Fig. S9 Fourier transforms of k3-weighted Mo K-edge EXAFS spectra for k space of 

MoO2, MoCeOx, CoSA-MoCeOx and MoO3, respectively. 
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Fig. S10 k3-weighted EXAFS. (a) r space, (b) k space fitting curves of MoO2.
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Fig. S11 k3-weighted EXAFS. (a) r space, (b) k space fitting curves of MoCeOx.
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Fig. S12 k3-weighted EXAFS. (a) r space, (b) k space fitting curves of CoSA-MoCeOx.
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Fig. S13 k3-weighted EXAFS. (a) r space, (b) k space fitting curves of MoO3.
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Fig. S14 Fourier transforms of k3-weighted Co K-edge EXAFS spectra for k space of 

CoO, CoMoCeOx and Co2O3. 
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Fig. S15 k3-weighted EXAFS. (a) r space, (b) k space fitting curves of CoO.
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Fig. S16 k3-weighted EXAFS. (a) r space, (b) k space fitting curves of CoSA-MoCeOx.
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Fig. S17 k3-weighted EXAFS. (a) r space, (b) k space fitting curves of Co2O3.
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Fig. S18 (a) Mo K-edge XANES spectra of CoSA-MoCeOx and CoSA-MoCeOx@BCT. 

(b) The average oxidation state of Mo atoms of CoSA-MoCeOx and CoSA-

MoCeOx@BCT. (c) Fourier transforms of k3-weighted Mo K-edge EXAFS spectra for 

r space of CoSA-MoCeOx and CoSA-MoCeOx@BCT. (d) Co K-edge XANES spectra of 

CoSA-MoCeOx and CoSA-MoCeOx@BCT. (e) The average oxidation state of Co atoms 

of CoSA-MoCeOx and CoSA-MoCeOx@BCT. (f) Fourier transforms of k3-weighted Co 

K-edge EXAFS spectra for r space of CoSA-MoCeOx and CoSA-MoCeOx@BCT.
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Fig. S19 Fourier transforms of k3-weighted Mo K-edge EXAFS spectra for k space of 

CoSA-MoCeOx and CoSA-MoCeOx@BCT, respectively.
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Fig. S20 k3-weighted EXAFS. (a) r space, (b) k space fitting curves of CoSA-

MoCeOx@BCT.
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Fig. S21 Fourier transforms of k3-weighted Co K-edge EXAFS spectra for k space of 

CoSA-MoCeOx and CoSA-MoCeOx@BCT, respectively.
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Fig. S22 k3-weighted EXAFS. (a) r space, (b) k space fitting curves of CoSA-

MoCeOx@BCT.
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Fig. S23 XPS survey spectra for (a) MoO3, (b) MoCeOx, (c) CoSA-MoCeOx. 
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Fig. S24 XPS characterization of MoO3, MoCeOx and CoSA-MoCeOx samples. (a) Mo 

3d XPS spectra for MoO3, MoCeOx and CoSA-MoCeOx. (b) O 1s XPS spectra for 

MoO3, MoCeOx and CoSA-MoCeOx. (d) Co 2p XPS spectra for CoSA-MoCeOx.
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Fig. S25 XPS survey spectra for CoSA-MoCeOx@BCT. 
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Fig. S26 XPS characterization of (a) Co 3d, (b) O 1s, (c) Mo 2p XPS spectra for CoSA-

MoCeOx and CoSA-MoCeOx@BCT.
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Fig. S27 Tafel plots of BCT, MoCeOx, CoSA-MoCeOx and CoSA-MoCeOx@BCT.
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Fig. S28 OER activity of (a) Mo-based catalysts and (b) Co-based oxides in 0.5 M 

H2SO4. 
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Fig. S29 Electrochemical cyclic voltammetry scans recorded for (a) MoCeOx, (b) CoSA-

MoCeO and (c) CoSA-MoCeOx@BCT. Scan rates are 20, 40, 60, 80 and 100 mV s-1. 

(d) Linear fitting of the capacitive currents versus cyclic voltammetry scans for these 

catalysts. (f) The calculated electrochemical active surface area values for MoCeOx, 

CoSA-MoCeOx and CoSA-MoCeOx@BCT.
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Fig. S30 The calculated turnover frequency values for Co sites on MoCeOx, CoSA-

MoCeOx and CoSA-MoCeOx@BCT from the current density at overpotential of 

250 mV.
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Fig. S31 Electrochemical impedance spectra at the 1.47 V vs. RHE for MoCeOx, CoSA-

MoCeOx and CoSA-MoCeOx@BCT.
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Fig. S32 OER activity of MoCeOx@BCT and CoSA-MoCeOx-BCT in 0.5 M H2SO4.
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Fig. S33 OER activity of MoCeOx, CoSA0.09-MoCeOx, CoSA-MoCeOx, and Co SA1.81-

MoCeOx in 0.5 M H2SO4.
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 Fig. S34 Durability tests of BCT, MoCeOx, CoSA-MoCeOx, CoSA-MoCeOx@BCT, 

MoSA-CeOx@BCT and CoSA-MoCeOx-BCT (mechanically mixed) electrodes under a 

constant current density of 10 mA cm-2 for 12 h in 0.5 M H2SO4.
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Fig. S35 Normalized residue of Co in CoSA-MoCeOx and CoSA-MoCeOx@BCT after 

stability testing measured by ICP-OES.
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Fig. S36 The amount of oxygen theoretically calculated and experimentally measured 

versus time for MoCeOx, CoSA-MoCeOx and CoSA-MoCeOx@BCT at a current density 

of 10 mA cm-2.
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Fig. S37 O2 Faraday efficiency for OER of CoSA-MoCeOx@BCT at a current density 

of 2 and 10 mA cm-2 in acidic solution of 0.5 M H2SO4, respectively.
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Fig. S38 Schematic diagram of the PEMWE.



48

Fig. S39 In situ Raman spectra of (a) MoO2, (b) CoSA-MoCeOx and (c) MoO3 under the 

applied potential range from 1.1 V to 1.6 V in acidic solution of 0.5 M H2SO4.
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Fig. S40 Fourier transforms of k3-weighted Co K-edge EXAFS spectra for r space of 

CoSA-MoCeOx at applied voltages from 1.1 to 1.5 V.
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Fig. S41 Fourier transforms of k3-weighted Co K-edge EXAFS spectra for k space of 

CoSA-MoCeOx at applied voltages from 1.1 to 1.5 V.
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Fig. S42 k3-weighted EXAFS. (a) r space, (b) k space fitting curves of CoSA-MoCeOx 

at 1.1 V vs. RHE.
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Fig. S43 k3-weighted EXAFS. (a) r space, (b) k space fitting curves of CoSA-MoCeOx 

at 1.2 V vs. RHE.
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Fig. S44 k3-weighted EXAFS. (a) r space, (b) k space fitting curves of CoSA-MoCeOx 

at 1.3 V vs. RHE.
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Fig. S45 k3-weighted EXAFS. (a) r space, (b) k space fitting curves of CoSA-MoCeOx 

at 1.4 V vs. RHE.
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Fig. S46 k3-weighted EXAFS. (a) r space, (b) k space fitting curves of CoSA-MoCeOx 

at 1.5 V vs. RHE.
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Fig. S47 OER activity of (a) MoO3, (b) MoCeOx, (c) CoSA-MoCeOx and (d) CoSA-

MoCeOx@BCT in acidic solutions with different pH.
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Fig. S48 The OER process follows LOM on MoO3. (a) 2O*, (b) O2*+VO, (c) O2+VO, 

(d) OH*+VO, (e) O*+VO, and (f) O*+OH*, and the Mo, O, H are colored by green, 

white and purple, respectively. Red circles represent the intermediates on MoO3 

following the LOM.
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Fig. S49 The OER process follows LOM on MoCeOx. (a) 2O*, (b) O2*+VO, (c) O2+VO, 

(d) OH*+VO, (e) O*+VO, and (f) O*+OH*, and the Mo, Ce, O, H are colored by green, 

blue, white and purple, respectively. Red circles represent the intermediates on 

MoCeOx following the LOM.
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Fig. S50 The OER process follows LOM on CoMoCeOx. (a) 2O*, (b) O2*+VO, (c) 

O2+VO, (d) OH*+VO, (e) O*+VO, and (f) O*+OH*, and the Mo, Ce, Co, O, H are 

colored by green, blue, red, white and purple, respectively. Red circles represent the 

intermediates on CoSA-MoCeOx following the LOM.
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Fig. S51 (a) Calculation models and the electronic distributions of CoSA-

MoCeOx@BCT. (b) OER calculation results of CoSA-MoCeOx and CoSA-

MoCeOx@BCT.
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Fig. S52 The OER process follows LOM on CoSA-MoCeOx@BCT. (a) 2O*, (b) 

O2*+VO, (c) O2+VO, (d) OH*+VO, (e) O*+VO, and (f) O*+OH*, and the Mo, O, H are 

colored by green, white and purple, respectively. Red circles represent the intermediates 

on CoSA-MoCeOx@BCT following the LOM.
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Table S1. Co content in metallic elements of amorphous Mo-Ce oxides supported 

single-atom Co catalysts coated with bamboo-like carbon nanotubes according to XRF 

characterization. 

Sample Chemical composition Co (At %) Mo (At %) Ce (At %)

1 MoCeOx 0 86.04 13.96

2 CoSA0.09-MoCeOx 0.09 88.49 11.42

3 CoSA-MoCeOx 1.77 88.34 9.89

4 CoSA1.81-MoCeOx 1.81 82.90 15.29

5 CoSA-MoCeOx@BCT 1.71 86.59 11.70
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Table S2. EXAFS fitting parameters at the Mo K-edge for various samples. 

Sample Path C.N. R (Å) σ2 (Å2) R-factor

Mo-O 6 1.60 0.0128MoO2

Mo-Mo 6 2.20 0.0056

0.00071

MoCeOx Mo-O 5.22 1.16 0.0136 0.00078

CoSA-

MoCeOx

Mo-O 5.15 1.15 0.0094 0.00061

Mo-O 6 1.13 0.0030MoO3

Mo-Mo 6 1.70 0.0055

0.00053
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Table S3. EXAFS fitting parameters at the Co K-edge for various samples. 

Sample Path C.N. R (Å) σ2 (Å2) R-factor

Co-O 4 1.71 0.0138CoO

Co-Co 12 2.70 0.0053

0.00088

CoSA-

MoCeOx

Co-O 5.08 1.69 0.0135 0.00114

Co-O 6 1.50 0.0093Co2O3

Co-Co 12 2.51 0.0081

0.00086
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Table S4. EXAFS fitting parameters at the Mo K-edge for CoSA-MoCeOx@BCT. 

Sample Path C.N. R (Å) σ2 (Å2) R-factor

CoSA-

MoCeOx@BCT

Mo-O 5.09 1.16 0.0136 0.00089
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Table S5. EXAFS fitting parameters at the Co K-edge for CoSA-MoCeOx@BCT. 

Sample Path C.N. R (Å) σ2 (Å2) R-factor

Co-N 3.89 1.40 0.099CoSA-

MoCeOx@BCT Co-O 5.09 1.67 0.078

0.000106
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Table S6. Comparison of OER performance for CoSA-MoCeOx@BCT and recently 

reported catalysts in acidic solution of 0.5 M H2SO4.

Catalysts Electrolyte j (mA/cm2) ŋ required 

(mV)

Stability (at 

10 mA cm-2)

Ref

CoSA-

MoCeOx@BCT

0.5 M 

H2SO4

10 239 60 h This 

work

La/Mn co-doped 

cobalt spinel 

(LMCF)

0.1 M 

HClO4

10 353 360 h 6

Co2MnO4 0.5 M 

H2SO4

10 395 320 h at 100 

mA cm-2
geo

7

CoFePbOx 0.05 M 

H2SO4

10 700 10 h 8

Ba[Co-POM] 1 M H2SO4 10 500 24 h at 250 

mV

9

CeO2/Co3O4 0.5 M 

H2SO4

10 347 50 h 10

Mn7.5O10Br3 0.5 M 

H2SO4

10 295 300 h at 100 

mA cm-2

11

Co3-xBaxO4 0.5 M 

H2SO4

10 278 110 h 12

Ni0.5Mn0.5Sb1.7Oy 1 M H2SO4 10 672 168 h 13

γ-MnO2/FTO 1 M H2SO4 10 428 8000 h at 

100 mA cm-

2

14

Mo-Co9S8@C 0.5 M 

H2SO4

10 370 24 h 15

NiCo-

nitrides/NiCo2O4/

0.5 M 

H2SO4

10 432 --- 16
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GF

CeO2/Co2NiP0.03

Ox

0.5 M 

H2SO4

10 262 50 h at 5 mA 

cm-2

17

Mn0.67Sb0.33O2 1 M H2SO4 10 520 ~30 h 18

C coated Co3O4 0.5 M 

H2SO4

10 370 86.8 h at 

100 mA cm-

2

19

Ag doped Co3O4 0.5 M 

H2SO4

10 470 10 h 20

Co3O4/FTO 0.5 M 

H2SO4

10 570 10 h 21
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Table S7. EXAFS fitting parameters at the Co K-edge for CoSA-MoCeOx at applied 

voltages from 1.1 to 1.5 V. 

Sample Path C.N. R (Å) σ2 (Å2) R-factor

CoSA-

MoCeOx (1.1 

V)

Co-O 5.02 1.64 0.0112 0.00113

CoSA-

MoCeOx (1.2 

V)

Co-O 4.94 1.61 0.0141 0.00129

CoSA-

MoCeOx (1.3 

V)

Co-O 4.91 1.58 0.0126 0.00120

CoSA-

MoCeOx (1.4 

V)

Co-O 4.88 1.54 0.0170 0.00145

CoSA-

MoCeOx (1.5 

V)

Co-O 4.80 1.52 0.0109 0.0097
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