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S1 Characterization

The crystal structure and phase of as-prepared samples were measured by XRD using Cu K, radiation (4 = 0.15406 nm) and its
scanning range was from 10° to 80° with the 2. The chemical compositions and valence state were determined by XPS at room
temperature with Al K, radiation as the excitation source. Hel (21.2 ¢V) as monochromatic was adopted as a light source in UPS
measurement. The optical properties of the obtained samples were determined in the wavelength range of 200 to 800 nm via a UV-Vis
spectrometer. Lastly, a conventional three-electrode system was adopted in the measurement process of the photoelectrochemical
spectroscopy, obtained by CHI660E workstation. For further exploring the transition states and intermediate media during the process
of COz conversion over the catalyst surface, the in-situ DRIFTS were measured using an infrared Fourier transform spectrometer
(Nicolet iS50, TMO, USA). In the above test, the prepared samples should be degassed at 120 °C and placed in a specimen chamber.
S2 Photocatalytic performance tests

In the test process of photocatalytic performance, the visible-light source (4 > 400 nm) was provided by 300 xenon arc lamp with
UV cutoff filter. The photocatalyst on FTO substate (2.0 x 2.0 cm?) was placed on specific bracket inside the reactor. Before light
began, the high pressure reactor should be washed by the CO2 gas (99.999%)) for several times. In last process of gas addition, the CO2
reactant gas should firstly go through a water bubbler and then inject into reactor. In the offline analysis system about the gaseous
products, two kinds columns (TDX-01 and Porapak-Q) should be adopted in the GC equipment with FID and GC-MS equipment with
TCD, respectively. For exploring the other hydrocarbons, a capillary column (DB-FFAP) was also used in other GC with TCD. In blank
tests for photocatalytic CO2 conversion, the existence of catalysts and/or illumination was firstly studied under the same reaction
conditions. And then, the photocatalytic activity in Ar atmosphere, instead of CO2 atmosphere, was recorded to eliminate the
disturbance of residual carbon on catalyst surface. No product was detected in above blank test, manifesting that the indispensable
presence of both the irradiation and catalyst for the CO2 conversion in water vapor.

Table S1 Main product yields for photocatalytic CO: reduction over BiOI/Cu20-1500 and BiOI/Cu20-1500m samples.

Photocatalytic activity (umol-m2)

Catalyst
Cco CHa Ha (0)3
BiOI/Cu20-1500 12.47 13.40 1.37 31.56
BiOI/Cu20-1500m 5.61 3.52 0.51 6.53

Table S2 Performance comparison of CO: conversion for the obtained BiOI/Cu;O material and other reported catalysts

Catalyst Catalytic activity Catalytic condition Reference
Ag-Cu20/ZnO CO:3.36 pmol-g™’ UV-visible light 4 h irradiation 1
CdS/BiOI CO: 3.32 pmol-g™! visible light 3 h irradiation 2

CHa: 0.54 pmol-g!

In203/BiOl CO: 11.98 pmol-g "“h! visible light 4 h irradiation 3
CHa: 5.69 pmol-g "-h™! TEOA as sacrificial agent
Bi2WOs-x/BiOl CHa: 18.32 pmol-g™! UV-Vis light 8 h irradiation 4
Cu20@Cu@UiO-66-NH2 CO:20.9 pmol-g "-h™! visible light 5 h irradiation 5
CHa: 8.3 pmol-g "“h'! TEOA as sacrificial agent
Co-MOF/Cu20 CO: 3.83 umol-g "*h™! visible light 4 h irradiation 6
Ag-Cu20/TiO2 CO: 13.19 pmol-g "h™! simulated sunshine irradiation 7
CHa: 1.74 pmol-g "*h™!
g-C3N4/BiOI/RGO CO: 21.85 pmol-g! visible light 8 h irradiation 8
Cu20/BiOl CH;O0H: 609.05 pmol-g™! UV-Vis irradiation 0.1 mol-L™' NaOH with 9
C2Hs0H: 273.96 pmol-g ™! adding CO2(g)
BiOI/Cu20 CO: 10.61 pmol-g h'! visible light 11 h irradiation This work

CHa: 6.15 pmol-g "*h™!
02:16.55 pmol-g "h™!
Ha: 1.70 pmol-g “h!

Table S3 Binding energy and band gap of the BiOI, Cuz0 and BiOI/Cu;0-1500 samples by XPS and DRS measurements.

Sample Bi 4f(eV) Cu2p (eV) VB (eV) Eg/eV
BiOI 159.6 - 1.9 1.8
Cu0 - 931.8 0.8 2.0

BiOI/Cu20-1500 158.9 932.7 - -
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Fig. S1 Survey XPS spectrum of BiOI/Cu20-1500 sample.

Fig. S2 SEM image of Cu20(a) and BiOI(b) samples.
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Fig. S4 HAADF (a) and EDX mapping images (b: Cu element, c: Bi element) of the BiOI/Cu20-2100 sample.
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Firstly, the BiOI component exhibited the nanosheet morphology with thickness of approximately 10 nm based on the SEM images
(Fig. 2a). With the increase of electrodeposition cycles for Cu20, the sheet thickness distinctly increased, reaching approximately 84
nm for the BiOI/Cu20-2100 sample (Fig. 2g). The distribution of Cu element in Fig. S3 covered the whole BiOI nanosheet, which
indicated that Cu20 grew on the whole surface of BiOI nanosheet. Secondly, based on the photocatalytic performance and mechanism,
the oxidation reaction occurred on the surface of BiOI component in the composite. As shown in Fig. 3a, the photocatalytic activity of
BiOI/Cu20-1800 and BiOI/Cu20-2100 were lower than that of BiOI/Cu20-1500, and the difference between hole quantity (Nox) and
electron quantity (Nred) gradually increased, and it was caused by the declined efficiency of H2O oxidation reaction. Hence, the
decreased photocatalytic activity was caused by the coverage of BiOI with Cu20 electrodeposition.
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Fig. S5 UV-Vis absorption spectra with o-tolidine as peroxide indicator for the BiOI/Cu20-1500 catalyst.
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Fig. S6 XRD (a) and XPS (b, ¢) spectra of BiOI/Cu20-1500 photocatalyst before/after cycling experiment (b. Cu 2p and c. I 3d).
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Fig. S7 PL spectra for BiOI, Cu20 and BiOl/Cu2O composites.
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Fig. S8 In situ-XPS spectra of BiOI and Cu2O in dark and light (a. Cu 2p and b. Bi 4f). The characteristic peaks of Cu 2p and Bi 4f for the
bare BiOI and CuzO samples in light slightly shifted toward lower energy compared with those in dark. It was due to that the CB of

Cuz0 and BiOI mainly consisted of Cu sp and Bi sp orbits and the electrons were excited from VB to CB under illumination ',
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Fig. S9 The in-situ DRIFTS of BiOI/Cu20-1500 sample. Several characteristic peaks of co;” (1317 and 1365 cm™), CO2 (1651 and 1516 cm™),
HCOs3 (1625 and 1422 cm™) and HCOO™ (1542 and 1339 cm™) species appeared, and the peak intensities gradually increased with
increasing the light irradiation time '>-'7, It was demonstrated that HCOO" was an important intermediate during the process of
photocatalytic CO; reduction to CO, which was consistent with previous reports '!7. Three peaks of -CH3 (1457 and 1389 cm™') and

-COz (1678 cm™) were identified '®'°, which indicated the production of CHa.
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