Supplementary Material
Efficient electrochemical methane coupling by stabilizing oxygen species during oxygen evolution in solid oxide electrolyzer incorporated with CO2 electrolysis


[image: Figure S1]Supplementary Figure 1. Reaction pathways of oxygen evolution reaction on LSM surface at 850 °C at a positive potential of 1.0 VSHE. (a) Structures for each reaction step. (b) Free energy diagram.

[image: Figure S2-2]Supplementary Figure 2. Reaction free energy and structures of the reaction step to form O* or O22- species.
[image: SiO2-50]
Supplementary Figure 3. Chronopotentiometry profile of electrolysis at 100 mA cm-2 using SiO2 as support in the anode.


[image: Figure S xrd-0224]Supplementary Figure 4. XRD patterns of the CMW@GDC, LSM and CMW@GDC_LSM catalysts.
[image: Figure SXX]
Supplementary Figure 5. XPS spectra of Ce 3d and W 4f of the GDC-supported Ce-Mn-W catalysts.
[image: LSV IN SI]
Supplementary Figure 6. Comparison of LSV curves between CH4 in the anode and N2 in the anode on composite electrode.

[image: Figure S6]
Supplementary Figure 7. GC profile of methane thermal splitting at 850 ℃.

[image: Figure S7]
Supplementary Figure 8. GC profile of electrolysis of oxidative coupling of methane using CMW@GDC/LSM as catalyst at 850 ℃.

[image: Figure S7-0313]
Supplementary Figure 9. GC profile of CO2 electrolysis coupled with oxidative coupling of methane at 850 ℃.


[image: Figure S10 0408]
Supplementary Figure 10. Comparison of production rates and selectivity of C2 products on Ce-Mn-W, GDC mixed LSM and composite electrode at 200 mA cm-2 electrolysis of electrochemical methane coupling.


[image: Figure S9 0408]
Supplementary Figure 11. Comparison of production rates and selectivity of C2 products when using TS-1, ZSM, TiO, and GDC to support Ce-Mn-W materials at 200 mA cm-2 electrolysis of electrochemical methane coupling.


[image: Figure S10 0408 RamanXX]Supplementary Figure 12. Raman spetra of anode and cathode after electrolysis.


[image: Figure STABILITY]
Supplementary Figure 13. Chronopotentiometry profile of electrolysis as well as C2 product selectivity of electrochemical oxidative coupling of methane at 200 mA cm-2 using CMW@GDC / LSM as catalyst. 
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Supplementary Figure 14. Methane conversion rates at various gas flow rate at 200 mA cm-2 electrolysis.
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Supplementary Figure 15. (a) Structures and (b) reaction free energy of the C-H bond cleavage on Na2WO4@GDC without O22-.



Table S1 Comparison of the electrochemical methane coupling performance between this work and previous studies
	Catalyst
	C2 product production rate 
(μL min-1 cm-2)
	C2 product selectivity (%)
	Reference

	Ce-Mn-Na2WO4@GDC/LSM
	313
	80.3
	This Work

	La0.7Sr0.2TiO3−d 
	163
	72
	[1]

	BaMg0.33Nb0.67−x FexO3−δ
	103.4
	50.3
	[2]

	Ag
	21
	55
	[3]

	Ag+Mn-Ce-Na2WO4/SiO2
	70
	56
	[4]

	La0.3Sr0.7TiO3
	13.44
	40
	[5]

	BaCO3
	8
	86.1
	[6]

	Bi2O3
	4
	76.9
	[6]

	SrZr0.95Y0.05O3−α
	26.88
	40
	[7]

	LiCl-NiO
	44.8
	60
	[8]

	LSCF/Ag
	76.8
	18.3
	[9]
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