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Fig. S1 EELS spectrum and corresponding chemical map of Mo–M and O–K edges for 

LSC/LMO.
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Fig. S2 OER polarization curves of LSC/LMO with different weight ratios.
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Fig. S3 Nyquist plots of LSC/LMO for OER with various weight ratios. Inset: Equivalent 

electrical circuit model used for fitting the Nyquist complex-plane impedance plot.
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Fig. S4 Cyclic voltammetry (CV) curve of various weight ratios of LSC/LMO. Each CV curve 

in the double-layer capacitance region is measured at scan rates from 20 to 160 mV s–1 with a 

20 mV s–1 interval.
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Fig. S5 (a) Double-layer capacitance values (Cdl) and (b) ECSA values of LSC/LMO with 

different weight ratios.
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Fig. S6 High-resolution XPS spectra of Co 2p and Mo 3d of LSC/LMO after the 

chronoamperometric stability test at 100 mA cm−2 for 200 h.
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Fig. S7 XRD spectrum of LSC/LMO after the chronoamperometric stability test at 100 mA 

cm−2 for 200 h.
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Fig. S8 TEM and HR-TEM images of LSC/LMO after the chronoamperometric stability test 

at 100 mA cm−2 for 200 h. Red and yellow boxes correspond to the domain of LSC and Mo 

nanograin, respectively.
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Fig. S9 Polarization curves for the overall water-splitting. The inset image shows the two 

electrodes system for the overall water-splitting.



 11 

Fig. S10 Rietveld XRD refinement patterns of LSC/LMO, LSC, and LMO.
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Fig. S11 UV–Vis–NIR spectra of LSC/LMO, LMO, and 2H-MoSe2 indicating metallic 

features of LSC/LMO and LMO.
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Fig. S12 TGA profile of LSC/LMO without and with exposure wet-air environment.
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Fig. S13 Pore size distribution of LSC/LMO calculated from N2 adsorption isotherms.
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Fig. S14 High-resolution Co 2p XPS core-level spectrum for LSC.



 16 

Fig. S15 High-resolution XPS spectrum of Mo 3d peak for LMO.
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Fig. S16 Non-phase shifted Fourier transform (FT) EXAFS spectra of (a) Co K-edge of 

LSC/LMO, LSC, and Co foil and (b) Mo K-edge of LSC/LMO, LMO, and Mo foil.
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Fig. S17 High-resolution O 1s XPS core-level spectra for (a) LSC and (b) LSC/LMO.
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Fig. S18 Free energy diagrams for (a) LSC and (b) LSC/LMO in adsorbate evolution 

mechanism.
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Table S1. Elemental composition of LSC/LMO determine by ICP-OES.

Element Weight % Atomic %

La 35.54 21.60

Sr 24.57 23.68

Co 35.46 50.81

Mo 4.43 3.91

Se 0.0 0.0

Total 100 100
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Table S2. OER overpotential at 10 mA cm−2 of LSC/LMO with different weight ratios obtained 

from the OER polarization curve in Fig. S2.

Weight ratio 5:4 6:3 7:2 8:1 9:0 0:9

Overpotential at 10 mA cm2 (V) 1.49 1.48 1.47 1.45 1.60 2.39
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Table S3. Charge transfer resistance (Rct) of LSC/LMO with various weight ratios obtained 

from the Nyquist plot analysis in Fig. S3.

Weight ratio 5:4 6:3 7:2 8:1

Rct (Ω cm2) 48.57 11.62 10.89 6.50
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Table S4. Rietveld refined lattice parameters of LSC/LMO, LSC, and LMO.

Catalyst Component Proportion (wt%) Space group a (Å) b (Å) c (Å)

LSC 78.80 Pm3m 3.837 3.837 3.837
LSC/LMO

Li2MoO4 27.20 R3 14.337 14.337 9.589

LSC LSC 100 Pm3m 3.837 3.837 3.837

Li2MoO4 79.23 R3 14.337 14.337 9.589
LMO

MoO3 20.77 Pbnm 3.962 13.858 3.697
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Table S5. Summary of the quantification of Co3+/Co2+ ratios in LSC and LSC/LMO obtained 

from the XPS analysis in Fig. 3g and Fig. S14.

LSC (atomic %) LSC/LMO (atomic %)

Co 2p3/2, Co3+ 61.1 91.1

Co 2p3/2, Co2+ 38.9 8.9

Co3+/Co2+ ca. 1.6 ca. 10.3
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Table S6. Summary of the quantification of Mo4+, Mo5+, and Mo6+ contents in LMO and 

LSC/LMO obtained from the XPS analysis in Fig. 3h and Fig. S15.

LMO (atomic %) LSC/LMO (atomic %)

Mo4+ 3d5/2 (1T) 10.5 2.4

Mo4+ 3d5/2 (2H) 9.3

Mo4+ 3d3/2 (1T) 4.9

Mo4+ 3d3/2 (2H) 0.7

Mo5+ 3d5/2 14.9 48.6

Mo5+ 3d3/2 4.6 35.9

Mo6+ 3d5/2 36.6 11.1

Mo6+ 3d3/2 18.5 2.0

Total  100  100
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Table S7. Summary of the quantification of lattice oxygen (AO), highly oxidative oxygen 

(BO), surface-active oxygen (CO), and adsorbed water (DO) in LSC and LSC/LMO obtained 

from the XPS analysis in Fig. S17.

LSC (atomic %) LSC/LMO (atomic %)

AO 10.1 10.9

BO 50.5 24.9

CO 28.3 48.9

DO 11.1 15.3

CO/AO ca. 2.8 ca. 4.5
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Table S8. Electrolyte resistance of tested catalysts obtained from the Nyquist plot in Fig. 2c.

Catalyst Rs (Ω cm2)

LSC/LMO 1.91

IrO2 2.82

LSC 4.58

LMO 1.95
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Note S1.

OER simulations

The Fig. 4c and Fig. S18 show a comparison between lattice oxygen participation mechanism 

(LOM) and adsorbate evolution mechanism (AEM) for OER free energies in the LSC and 

LSC/LMO systems. The LOM proceeds with elementary reactions below:

OH *   →  (VO + OO) *   +   H +   +   e -

(VO + OO) *   +   H2O(𝑙)  →  (VO + OH) *   +   O2(g)  +     H +   +   e -

(VO + OH) *   +  H2O(𝑙)  →  (HO + OH) *   +   H +   +   e -

(HO + OH) *   →  OH *   +   H +   +   e -

, where OH, VO, OO, and HO indicate OH adsorbates, oxygen vacancies, OO adsorbates, and 

hydrogen atoms adsorbed on lattice oxygen, respectively. * represents that the adsorbates are 

bound to the LSC (001) surface.

The AEM proceeds with elementary reactions below:

 *   +  H2O(𝑙)  →  OH *   +   H +   +   e -

OH *   →  O *   +   H +   +   e -

O *   +   H2O(𝑙) →  OOH *   +   H +   +   e -

OOH *   → *   +   O2(g)  +   H +  +   e -

, where OOH indicates OOH adsorbates.


