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Chemicals

All chemicals and reagents were obtained from commercial sources and used as received without
further purification. Multi-walled carbon nanotubes (CNTs, 10—20 nm in diameter and 0.5—2 pum
in length) were purchased from XFNANO, phosphomolybdic acid hydrate (HsPM012040-nH20),
sodium phosphate dibasic heptahydrate (Na2HPO4-7H20), calcium chloride anhydrous (CaCly),
sodium metavanadate (NaVOs3), sodium molybdate (NazMoQa), dimethylformamide (DMF), nitric
acid (HNOgz, 68 wt.%) and potassium hydroxide (KOH, AR, 90%) were purchased from Aladdin.
sulfuric acid (H2S0a4, 98%) was purchased from Dong Jiang Regent. Nafion solution (5 wt.%) was
purchased from Alfa Aesar China. Cerium sulfate solution (CeS20g, 0.1 N) and ether (CsH100)
were purchased from Macklin.
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Figure S1. (a) Optical photograph, (b) FTIR spectrum of HsPM012040 and HsPMo0gV3040.
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Figure S2. Preparation of the MoVOx NCs/CNTSs catalyst.
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Figure S3. Characterization of MoOx NCs/CNTSs. (a—¢) HAADF-STEM image and corresponding
STEM-EDX elemental mappings of MoOx NCs/CNTs. (d) The corresponding particle size
distribution of MoOx NCs within/on CNTSs.



Figure S4. Additional high-resolution HAADF-STEM images of MoVOx NCs/CNTs.
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Figure S5. Calibration of the Ag/AgCl reference electrode in Ho-saturated 0.1 M KOH with a
sweeping rate of 1 mV/s.
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Figure S6. Calibration of the collection efficiency of the bare RRDE in air-saturated 0.5 M KCI
with 10 mM Ks[Fe(CN)g]. (a) LSV curve obtained at 1600 rpm with keeping the ring potential at
1.2 V (vs. RHE). (b) The corresponding collection efficiency of RRDE.
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Figure S7. Reproducibility of the ORR performance for the catalysts. (a—c) Disk and ring current
of CNTs (a), MoOx NCs/CNTs (b), and MoVOyx NCs/CNTs (c) measured using three

independently prepared samples under identical testing conditions. (d) Reproducibility summary
of current calculated at 0.7 V vs. RHE for three catalysts.
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Figure S8. Stability of catalyst. (a) XPS V 2p spectra of MoVOx NCs/CNTs before and after
electrochemical measurement. (b) The leaching (left) and remaining (right) of VV from MoVOx
NCs/CNTSs as a percentage of the original V mass loading during the stability test monitored by
ICP-MS.
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Figure S9. Normalized XPS C 1s and O 1s spectra of blank carboxylated CNTs and deep-oxidized
CNTs. The spectra were normalized with respect to the C 1s binding energy peak after energy
calibration using SiO> reference.
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Figure S10. (a) Linear sweep voltammetry (LSV) curves of CNTSs, deep-oxidized CNTs, MoOx
NCs/CNTs and MoVOx NCs/CNTs catalysts. (b) Calculated H.O> selectivity and electron transfer
number during the potential sweep.
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Figure S11. 2e- ORR performance of CNTs, MoOx NCs/CNTs and MoVOx NCs/CNTs in 0.05 M
H>SO4. (a) Disk and ring current of the three samples on the RRDE. (b) The corresponding electron
transfer number n and H20O> selection at various potentials. (c) The corresponding Tafel plots. (d)
ORR LSV curves of MoVOx NCs/CNTs before and after 2000 ADT cycles.
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Figure S12. XPS survey spectra of CNTs (a), MoOz (b), MoOx NCs/CNTs (c), and MoVOx
NCs/CNTs (d). (e) High-resolution V 2p XPS spectra of MoOx NCs/CNTs and MoVOx NCs/CNTSs.
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Figure S13. (a) The average valence of MoOs, MoOx NCs/CNTs and MoVOx NCs/CNTSs obtained
from Mo 3d XPS. (b) The distribution of oxygen element in different coordination for MoOs,
MoOx NCs/CNTs and MoVOyx NCs/CNTSs obtained from O 1s XPS.
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Figure S14. (a) N2 adsorption/desorption isotherm curves and the pore size distribution profiles
(insert), (b) TGA curves of three catalysts.

Figure S15. STEM-EELS and corresponding elemental mappings of MoOx NCs/CNTSs.
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Figure S17. The structural model of MoOs (a), MoOx (b), and V-doped MoVOx (c).
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Figure S18. Gibbs free energy of *OOH intermediates on MoOx and MoVOx cluster model

surfaces.
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Figure S19. Convergence testing of MoOs crystal structure.
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Table S1. Performance comparison of electrochemical H2O2 production in alkaline media.

Sample Potential at 1 mA cm2(Vvs. RHE) H2O; selectivity at 0.4 V Ref.
MoVOx NCs/CNTs 0.7 98% This work
HCNFs 0.72 95% 1
O-CNTs 0.7 90% 2
B/N-HCNS@Vo-G 0.79 91% 3
Ox0-G/NHz.H,O 0.68 83 4
0-GOMC-1 0.73 90% 5
BN-C1 0.68 90% 6
MOF-NSs-300 0.66 96% 7
Co-POC-O 0.78 84% 8
NisB 0.7 90% 9
Fe-CNT 0.76 95% 10
Co-N-C 0.8 67% 11
Col-NGO 0.745 80% 12
g-N-CNHs 0.63 65% 13
Meso C 0.72 7% 14
NCMKASIL 0.68 86% 15
PEIS0CMK3_800T 0.72 83% 15
F-mrGO (600) 0.68 100% 16
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