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[bookmark: _heading=h.gjdgxs]Supplementary Figure 1. TEM and HRTEM images of g-C3N4/Cu2O.
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Supplementary Figure 2. The histogram for the edge sizes of the Cu2O nanocubes formed on the g-C3N4 surface.
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Supplementary Figure 3. Elemental analysis. (a) HAADF image and (b-d) elemental mapping of g-C3N4/Cu2O.
Supplementary Table 1. Comparison of photocatalytic CO2RR performances under the specified reaction conditions without sacrificial reagents.
	Catalyst
	Light source
	Reaction medium
	Product
(Selectivity)
	Activity
	Ref

	g-C3N4/Cu2O
	300 W
Xe lamp
	Saturated CO2 in water
	CH4 
(98%)
	5400 μmol gcat-1h-1
QE = 3.7%
	this work

	ZnO-Cu2O
	300 W
Xe lamp
	Saturated CO2 in water
	CH4 
(99%)
	1080 μmol gcat-1h-1
QE = 1.5%
	Song et al.1

	S-doped CoO/Co3O4
	300 W
Xe lamp
	Saturated CO2 in water
	CH4 
(98%)
	10000 μmol gcat-1h-1 QE = 2.3%
	Song et al.2


	3DOM CdSQD/NC
	300 W 
Xe lamp
420 nm ≤ λ
	Saturated CO2 in water
	CO
	10 μmol gcat-1h-1
4280 μmol gcat-1h-1 
(with TEOA)
	Wang et al.3


	Co2N/BiOBr
	300 W
Xe lamp
	Saturated CO2 in water
	CO
	67.8 μmol gcat-1h-1
	Liu et al.4

	Bi12O17Cl2
	300 W
Xe lamp
	Saturated CO2 in water
	CO
	48.6 μmol gcat-1h-1 
QE = 0.14%
	Liu et al.5

	VBi-BiOBr UNs
	300 W
Xe lamp
	Saturated CO2 in water
	CO
	20.1 μmol gcat-1h-1 
	Xia et al.6

	(Au/Cu 1:2)
TiO2
	0.21 Wcm−2
Xe lamp
400 nm ≤ λ
	Saturated CO2 in water
	CH4
	2200 μmol gcat-1h-1
	Garcia et al.7

	PCN-224(Cu)/TiO2
	300 W
Xe lamp
300 nm ≤ λ
	Saturated CO2 in water
	CO
	37.21 μmol gcat-1h-1 

	Wang et al.8

	3D-SiC/2D-MoS2
	300 W
Xe lamp
420 nm ≤ λ
	CO2 and H2O vapor

	CH4
	323 μmol gcat-1h-1 
QE = 1.75%

	Li et al.9 

	Graphene wrapped Pt/TiO2
	300 W
Xe lamp
	CO2 and H2O vapor

	CH4
(99%)
	41.3 μmol gcat-1h-1 
QE = 1.93%
	Zhao et al.10 
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Supplementary Figure 4. XPS spectra of g-C3N4/Cu2O. The spectra in Cu 2p3/2 and Cu LMM regions (a) before and (b) after three repetitive photocatalytic reaction cycles.
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Supplementary Figure 5. TEM images of g-C3N4/Cu2O after three repetitive photocatalytic reactions.
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Supplementary Figure 6. Control experiments. Photocatalytic CO2RR without CO2, light irradiation, and the catalyst.
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Supplementary Figure 7. Photocatalytic CO2RR with isotopes. GC-MS analysis of 13CH4 evolved as the irradiation time from the photocatalytic reduction of 13CO2 with the g-C3N4/Cu2O catalyst. 
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Supplementary Figure 8. Activity using visible light. Photocatalytic production of CH4 and CO by the irradiation of visible light (λ > 420 nm) using a cut-off filter as a function of irradiation time.
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[bookmark: _heading=h.30j0zll]Supplementary Figure 9. Band energy analysis. Tauc plots for (a) g-C3N4 and (b) Cu2O. Mott-Schottky plots for (c) g-C3N4 and (d) g-C3N4/Cu2O.
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Supplementary Figure 10. Photoresponses by visible light. Current-time response curves at the visible region of g-C3N4 (black line) and g-C3N4-Cu2O (red line) in 0.1 M phosphate buffer solution.
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Supplementary Figure 11. Comparison of photoresponses. Current-time response curves of ZnO-Cu2O (black), ZnO (red), g-C3N4 (blue), and g-C3N4-Cu2O (green) in a 0.1 M phosphate buffer solution by the irradiation in the (a) full-wavelength and (b) visible (λ ≥ 420 nm) regions.

Supplementary Table S2. TCSPC analysis. Fit parameters of TCSPC kinetic profiles in Figure 4d.
	
	A1 (counts)
	τ1
(ns)
	A2 (counts)
	τ2
(ns)
	A3 (counts)
	τ3
(ns)
	τave
(ns)

	g-C3N4
	3760
[±60]
	18.6
[±0.2]
	38400
[±300]
	4.42 
[±0.03]
	70100 
[±1000]
	1.23
[±0.02]
	2.91 
[±0.04]

	g-C3N4/ Cu2O
	2350 
[±50]
	15.1
[±0.2]
	30200
[±400]
	3.33 
[±0.03]
	70600 
[±1300]
	0.82 
[±0.01]
	1.88 
[±0.03]
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Supplementary Figure 12. XPS spectra. (a) g-C3N4 in the N 1s region, (b) Cu2O in the Cu 2p3/2 region, and g-C3N4/Cu2O in the (c) N 1s and (d) Cu 2p3/2 regions.
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