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Supplementary Experimental Procedures
Materials 
Copper chloride (CuCl2·2H2O, AR), copper bromide (CuBr2, AR), tetrabutylammonium bromide ((C4H9)4NBr, AR), ascorbic acid (AR), 1-dodecanethiol (C12H25-SH, 99.5%), scopoletin (C10H8O4, 98%) and horseradish peroxidase (≥500 units/mg) were purchased from Aladdin. Copper nitrate (Cu(NO3)2·3H2O, AR) and potassium bicarbonate (KHCO3, AR) were purchased from Macklin. Sodium hydroxide (NaOH, AR), ethanol (AR), silvernitrate (AgNO3, >99.0%), and ammonium sulfate ((NH4)2SO4, AR) were purchased from Sinopharm Chemical Reagent Co., Ltd. Polyvinylpyrrolidone (PVP, M.W=30000) was purchased from Shanghai Yuanye Bio-Technology Co., Ltd. Dimethyl sulfoxide (DMSO) was purchased from Sigma-Aldrich. Cy5 NHS ester was purchased from Shanghai So-Fe Biomedicine Co., Ltd. Deionized water (DI water, 18.25 MΩ·cm) supplied by a UP Water Purification System was used in the whole experimental processes. All chemicals were obtained from commercial suppliers and used without further purification. 
Characterizations 
[bookmark: _Hlk40980161][bookmark: _Hlk117067526][bookmark: _Hlk122299174]Transmission electron microscope (TEM) was performed on a JEOL JEM 2100F electron microscope. Scanning electron microscope (SEM) was performed on Hitachi SU8220. Crystalline structures were evaluated by X-ray diffraction (XRD) analysis using a Bruker D8 Focus operating at 40 kV and 40 mA equipped with a nickel-filtered Cu Kα radiation (λ=1.54056 Å). Specific surface areas and pore structures of catalysts were measured using Micromeritics, ASAP 2460 by nitrogen adsorption at 77 K. The specific surface areas were calculated from the isotherms using the BET method. The pore distribution was obtained by the BJH method from the adsorption branch of the adsorption isotherms. Room temperature photoluminescence (PL) spectra were performed on FL 970 fluorescence spectrophotometer under the excitation wavelength of 380 nm with 510 nm filter. UV-vis diffuse reflectance spectra were recorded using UV-2600 under the visible light of 400-800 nm. Here reflectivity was used to detect the light absorption through the conversion of Kubelka-Munk formula and BaSO4 was used as the reference sample. X-ray photoelectron spectroscopy (XPS) was performed on ThermoFischer, ESCALAB 250Xi with Al K X-ray source to reveal chemical states, and the binding energies were calibrated by the C 1s electron peak (BE=284.8 eV). Fourier transform infrared spectroscopy (FTIR) spectra were recorded by Thermo Fisher Nicolet IS10 in absorbance mode. In situ FTIR spectra were performed on Thermo Fisher Nicolet IS50. Water contact angles were measured by SDC-350 instrument with the samples uniformly dispersed on glass substrates using ethanol as solvent. The volume of the water droplet was 7 μL and the final results were average values obtained from more than three positions. Total internal reflection fluorescent microscope (TIRFM) measurements were carried out on Nikon A1.
[bookmark: _Hlk40988027]
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Supplementary Fig. 1 | As-prepared Cu2O photocatalysts. a CHS and O-CHS. b CSS and O-CSS. c O-CNS.
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Supplementary Fig. 2 | SEM image. The SEM image of the obtained O-CHS.
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Supplementary Fig. 3 | TEM and HRTEM images. a-c HRTEM images of CSS (a), O-CSS (b) and O-CNS (c). Insets in a-c are the TEM image of CSS, O-CSS and O-CNS, respectively. The scale bar in the insets is 100 nm.
The lattice spacings of CSS, O-CSS and O-CNS are all 0.244 nm, which are in good agreement with the (111) planes of Cu2O, revealing that these structures are composed of the Cu2O material.
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Supplementary Fig. 4 | XPS results of catalysts. a XPS survey spectra of CHS (1), CSS (2), O-CHS (3), O-CSS (4) and O-CNS (5). b The atomic percentages of S and Cu obtained from XPS measurements for O-CHS, O-CSS and O-CNS. The low atomic percentages of S show the low contents of S, implying the low amount of 1-dodecanethiol used for hydrophobic modification. Meanwhile, the similar atomic percentages of S and Cu for O-CHS, O-CSS and O-CNS also illustrate their similar situations of the hydrophobic modification.
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Supplementary Fig. 5 | The interaction between 1-dodecanethiol and Cu2O. Schematic diagram of 1-dodecanethiol molecule adsorbed on the surface of the Cu2O catalyst.
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Supplementary Fig. 6 | Water contact angle of O-CHS. a After Xe lamp irradiation for 5 hours. b After a long storage time of 20 days.
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[bookmark: _Hlk119923920]Supplementary Fig. 7 | Results of Ag+ probe experiment for O-CHS. a-c HAADF-STEM image (a), HRTEM image (b), and EDS spectrum (c) of O-CHS loaded with Ag nanopaticles. d-g EDS elemental mapping images for Ag, Cu, O and S of O-CHS loaded with Ag nanopaticles. h Cu and Ag overlap signals of O-CHS loaded with Ag nanopaticles.
A typical lattice distance of 0.235 nm is clearly identified (Supplementary Fig. 7b), which can be assigned to the (111) facet of Ag. Meanwhile, EDS mapping images (Supplementary Fig. 7d-h) display clearly that Ag particles are uniformly distributed on the surface, where photogenerated electrons are accumulated with holes consumed by methanol. More importantly, the ratio of Ag/Cu (1:3.5395) for O-CHS (Supplementary Fig. 7c) is almost equal to that for CHS (1:3.5378) shown in Supplementary Fig. 8c, indicating their similar charge transfer. Thus, the hydrophobic treatment has no obvious effect on the charge transfer from the surface to the adsorbate, which would be due to the small amount of 1-dodecanethiol used.
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Supplementary Fig. 8 | Results of Ag+ probe experiment for CHS. a-c HAADF-STEM image (a), HRTEM image (b), and EDS spectrum (c) of CHS loaded with Ag nanopaticles. d-f EDS elemental mapping images for Ag, Cu, and O of CHS loaded with Ag nanopaticles. g Cu and Ag overlap signals of CHS loaded with Ag nanopaticles.
Similar to Supplementary Fig. 7, a typical lattice distance of 0.235 nm is clearly identified, which can be assigned to the (111) facet of Ag. EDS mapping images display clearly that Ag particles are uniformly distributed on the surface, demonstrating the successful synthesis of CHS loaded with Ag nanoparticles.
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Supplementary Fig. 9 | Spectral characterizations. a-c The normalized UV-vis diffuse reflectance spectra (a), Tauc plots (b) and Photoluminescence (PL) spectra under 380 nm laser irradiation with 510 nm filter (c) of CHS, O-CHS, CSS, O-CSS and O-CNS.
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Supplementary Fig. 10 | The results of nitrogen adsorption-desorption measurements. a Nitrogen adsorption-desorption isotherms and the corresponding BET surface areas of CSS and O-CSS. b Nitrogen adsorption-desorption isotherms and the corresponding BET surface areas of CHS, O-CHS and O-CNS.
CHS and O-CHS have slightly larger surface areas than CSS and O-CSS, and also O-CNS has the largest surface area. In addition, compared with the unmodified structures, the surface areas of modified O-CNS and O-CSS slightly decrease, illustrating the modest impact of hydrophobic modification.
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[bookmark: _Hlk117067424]Supplementary Fig. 11 | Schematic diagram of dye fluorescence. Schematic diagrams of the fluorescence performances for O-CHS (left) and CHS (right) after dyeing with Cy5 NHS ester under 635 nm excitation in TIRFM measurements.
Theoretically, the fluorescent molecule dissolved in water can penetrate into the cavity of CHS through the mesopores and be concentrated inside, especially near the shell due to the adsorption. Thus, the fluorescence signal would appear in both the interior and exterior of CHS, and also the intensity near the shell would be stronger than that of bulk solution. While for O-CHS, because of the superhydrophobic surface, it is difficult for the fluorescent molecules to penetrate the shell into the cavity. It would accumulate in large quantities around the shell, where high fluorescence intensity would be displayed. Then the fluorescence intensity away from the shell gradually weakens due to the diffusion of the fluorescent molecules, resulting in a faint fluorescent ring outside the shell.1
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[bookmark: _Hlk56876078]Supplementary Fig. 12 | The original data obtained from GC. The original data of methanol and ethanol generation over O-CHS detected by GC. The characteristic peaks of methanol and ethanol obviously increased along with reaction time.
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Supplementary Fig. 13 | Standard curves. a-b The standard curves used to calculate the contents of methanol (a) and ethanol (b) generated during photocatalytic CRR. 
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Supplementary Fig. 14 | Supplemental photocatalytic CRR performance. a Selectivity towards carbon derivatives over CSS, O-CSS, CHS, O-CHS and O-CNS. b Photoluminescence (PL) spectra of the scopoletin assay of the reaction solution after photocatalytic CRR with different catalysts. As the amount of H2O2 in the reaction solution was low, a sensitive chemiluminescence detection method by scopoletin assay was performed. The fluorescent scopoletin could be oxidized by H2O2 in the presence of horseradish peroxidase, leading to the loss of its fluorescence. Thus, the higher intensity of the emission peak for scopoletin at 463 nm in the PL spectra indicates a lower concentration of H2O2 in the reaction solution, and vice versa. Comparing the results between the reference (experiment without reaction solution) and photocatalysts, it can be inferred that a small amount of H2O2 is produced over every photocatalyst. c Control experiments under different reaction conditions for photocatalytic CRR on O-CHS. Several blank experiments were performed to ensure that obtained products were from the photocatalytic CRR. First, a test using CO2 and water as reactants but without the photocatalyst was conducted. No carbon derivatives were detected, indicating that the CRR could not happen in the absence of the photocatalyst. When the test was performed in the existence of the catalyst and CO2 but without Xe lamp irradiation, little-to-no carbon derivatives were obtained, which may result from the CRR triggered by natural light. When the reactor was vacuumed and purged Ar instead of CO2, no carbon derivatives were detected under light irradiation in the presence of water and catalyst, demonstrating that the carbon source for ethanol and methanol production in the CRR was CO2. d Generation rates of carbon derivatives on the O-CHS and CHS as a function of irradiation time. 
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[bookmark: _Hlk124028134]Supplementary Fig. 15 | Performance comparison diagram. Comparison of the ethanol generation rate over different photocatalysts for CRR.
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Supplementary Fig. 16 | Isotope-labelling results. a GC-MS spectra of ethanol, generated from 13CO2 photoreduction and 12CO2 photoreduction experiments over O-CHS. b GC-MS spectra of methanol, generated from 13CO2 photoreduction and 12CO2 photoreduction experiments over O-CHS.
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Supplementary Fig. 17 | Structural characterization and wettability after reaction. a-b SEM images of O-CHS (a) and CHS (b) after reaction. c XRD patterns, d C 1s XPS spectra and e Cu 2p XPS spectra of O-CHS and CHS after reaction. f-g WCAs of O-CHS (f) and CHS (g) after reaction.
[bookmark: _Hlk122462720]The SEM image and XRD pattern of spent O-CHS show that the morphology and structure of O-CHS are maintained after 6 h of reaction. However, for spent CHS, the SEM image displays serious agglomeration. Meanwhile, extra characteristic diffraction peaks at 24.10° and 31.24° in the XRD pattern of spent CHS are observed, which are assigned to the (220) and (201) planes of basic copper carbonate (Cu2(OH)2CO3), respectively (JCPDS Card No. 41-1390)2. The existence of Cu2(OH)2CO3 in spent CHS can be further proved by the C 1s XPS spectra. The sharp peak at 284.8 eV is attributed to carbon-containing contamination, which is adventitious for spectral calibration. The peaks at 286.2 and 289.5 eV are corresponding to O-C=O and C-O, respectively, demonstrating the formation of Cu2(OH)2CO3.3 This transformation could be owing to the reoxidation of reduced copper species generated during CRR, which can occur easily when exposed to air.4, 5 The more Cu2(OH)2CO3 signal for CHS indicates the more reduced copper species formed. Additionally, the high-intensity shake-up satellites at ca. 940.5, 943.9 and 962.7 eV in Cu 2p XPS spectra assigned to CuO for CHS also illustrate the more serious photocorrosion occurred in CHS.6 Conversely, O-CHS shows better stability. This could be attributed to the shield provided by its superhydrophobic surface, which can repel H2O from the surface of O-CHS. Thus, the electron-mediated photocorrosion involving H2O of Cu2O could be weakened.7, 8 Meanwhile, due to the faster reaction rate for O-CHS to consume more photogenerated holes, hole-mediated photocorrosion could also be inhibited.9, 10 What’s more, the wettability is almost unchanged after reaction, indicating the abundant triphase microenvironments can be kept for O-CHS during CRR.
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Supplementary Fig. 18 | CO2 dissolution rate in the suspension of catalysts. a Testing device. b The enlarged view of the temperature and pressure displayed on the actuator. The actuator can display the real-time CO2 pressure in the gas phase of the system and the temperature of the connected Labsolar 6A. c The reactor used in the tests. d The changes of relative amounts of CO2 in the gas phase in the CO2 photoreduction test system with the dissolution time over O-CHS and CHS. e The changes of relative amounts of CO2 in liquid phase in the CO2 photoreduction test system with the dissolution time over O-CHS and CHS.
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[bookmark: _Hlk118813272][bookmark: _Hlk118813938]Supplementary Fig. 19 | Top and side views of different configurations. a-d Slab model of the ideal Cu2O (111) surface (a), Two different adsorption sites of Cu on Cu2O (111) surface (b), Slab model with CO adsorbed on the site of CuCUS (c), and Slab model with CO adsorbed on the site of CuCAS (d). The brown, gray, and red balls represent Cu, C, and O atoms, respectively.
[bookmark: _Hlk118818417]The surface of Cu2O (111) is described by a periodic (3×3) slab and three layers thick (Supplementary Fig. 19a). In order to display the different coordination situations of Cu atoms clearly, the ball-stick model is used for the first layer and the other two layers are replaced by line segments. As shown in Supplementary Fig. 19b, CuCUS represents the coordinatively unsaturated surface Cu atom marked with blue circles, and the other Cu atoms are coordinatively saturated Cu atoms (CuCAS). CO can bond with CuCUS stably (Supplementary Fig. 19c), but not with CuCAS (Supplementary Fig. 19d). Thus, CuCUS is selected as the active site for the DFT calculation and there are nine CuCUS sites on the Cu2O (111) slab (marked with blue circles in Supplementary Fig. 19b).
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Supplementary Fig. 20 | The configurations with different *CO coverages. a high *CO coverage. b low *CO coverage of Cu2O. The brown, gray, and red balls represent Cu, C, and O atoms, respectively.
[bookmark: _Hlk118816132][bookmark: _Hlk118816530]Four CO molecules are placed on CuCUS sites of the Cu2O model, representing the high *CO coverage of O-CHS. In contrast, low *CO coverage of CHS with two CO molecules placed on CuCUS sites is adopted. The Gibbs free energy change (ΔG) of CO adsorption on CuCUS at different *CO coverages are then calculated. The results of -2.450 and -2.398 eV at high *CO coverage and low *CO coverage, respectively, illustrate the stable binding of CO with CuCUS (Supplementary Table 1).
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Supplementary Fig. 21 | Top and side views of different configurations. a-l Top and side views of optimized adsorption configurations for main reaction intermediates during CRR to ethanol on Cu2O (111) surface at high *CO coverage. The brown, gray, red, and white balls represent Cu, C, O and H atoms, respectively. TS means transition state; * represents surface adsorption.
[image: ]
Supplementary Fig. 22 | Top and side views of different configurations. a-l Top and side views of optimized adsorption configurations for main reaction intermediates during CRR to ethanol on Cu2O (111) surface at low *CO coverage. The brown, gray, red, and white balls represent Cu, C, O and H atoms, respectively. TS means transition state; * represents surface adsorption.
[image: ]
Supplementary Fig. 23 | Top and side views of different configurations. a-h Top and side views of optimized adsorption configurations for main reaction intermediates during CRR to methanol on Cu2O (111) surface at high *CO coverage. The brown, gray, red, and white balls represent Cu, C, O and H atoms, respectively. TS means transition state; * represents surface adsorption.
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[bookmark: _Hlk116568323][bookmark: _Hlk115710354]Supplementary Fig. 24 | Top and side views of different configurations. a-h Top and side views of adsorption configurations of main reaction intermediates during CRR to methanol on Cu2O (111) surface at low *CO coverage. The brown, gray, red, and white balls represent Cu, C, O and H atoms, respectively. TS means transition state; * represents surface adsorption.


[bookmark: _Hlk119423314]Supplementary Table 1. Gibbs free energy change (∆G) of CO adsorption on the ordered Cu2O(111) surface at different *CO coverages.
	*CO coverage
	∆G (eV)

	high *CO coverage
	-2.44952

	low *CO coverage
	-2.39796


Supplementary Table 2. Different intermediates possibly formed under different numbers of H+ transferred and the corresponding energies during ethanol generation at high *CO coverage. 
	Number of H+ transferred
	Intermediate
	Energy（eV）

	1
	CHO
	-805.29535

	
	COH
	-803.35949

	2
	COCHOH
	-808.62853

	
	COCH2O
	-808.55206

	
	COHCHO
	-808.01623

	
	CHOCHO
	-808.25042

	3
	CHOCHOH
	-812.61667

	
	COCH2OH
	-812.40418

	
	COCH + H2O
	-812.08371

	
	COHCHOH
	-811.85635

	4
	CHOHCHOH
	-817.08981

	
	CHOCH2OH
	-816.21638

	
	CH2OCHOH
	-815.88745

	
	CHOCH + H2O
	-815.44839

	5
	CH2OHCHOH
	-820.14588

	
	CHOHCH2OH
	-820.12281

	
	CHOHCH + H2O
	-819.41174

	
	CHCHOH + H2O
	-819.24416

	6
	CH2CHOH + H2O
	-824.7696

	
	CH3OHCHOH
	-823.5143

	
	CH2OHCH2OH
	-823.97908

	
	CH2OHCH + H2O
	-822.48591

	7
	CH3CHOH
	-813.61466

	
	CH2CH2OH
	-813.43481

	
	CH2CH + H2O
	-812.60829


In a series of continuous H+ transfer processes, different hydrogenation positions are considered, and the state with the lowest energy is selected and marked in bold and blue (shown in Supplementary Table 2). The initial step is the hydrogenation of *CO. It can be seen that the total energy for the addition of one *H to the carbon atom of *CO to form *CHO is lower than that for the addition of *H to oxygen of *CO to form *COH. Therefore *CHO is considered as the result of *CO hydrogenation. Then *CO-*CHO coupling occurs and hydrogenation processes continue. The different situations of the hydrogenation of *CO-*CHO illustrate that *COCHOH is the state with the lowest energy. In the same way, *CHOCHOH, *CHOHCHOH, *CH2OHCHOH, *CH2CHOH, *CH3CHOH are the results of a series of cascading hydrogenerations.
[bookmark: _Hlk119921946]Supplementary Table 3. Different intermediates possibly formed under different numbers of H+ transferred and the corresponding energies during ethanol generation at low *CO coverage. 
	Number of H+ transferred
	Intermediate
	Energy（eV）


	1
	CHO
	-772.54737

	
	COH
	-770.28191

	2
	COCHOH
	-775.72891

	
	COCH2O
	-775.69805

	
	COHCHO
	-775.44682

	
	CHOCHO
	-775.38418

	3
	CHOCHOH
	-779.74153

	
	COCH2OH
	-779.66037

	
	COCH + H2O
	-779.23103

	
	COHCHOH
	-778.82308

	4
	CHOHCHOH
	-784.22011

	
	CHOCH2OH
	-783.28004

	
	CH2OCHOH
	-783.26036

	
	CHOCH + H2O
	-781.78617

	5
	CH2OHCHOH
	-787.22776

	
	CHOHCH2OH
	-787.1894

	
	CHOHCH + H2O
	-786.53899

	
	CHCHOH + H2O
	-786.26208

	6
	CH2CHOH + H2O
	-791.88701

	
	CH3OHCHOH
	-791.37778

	
	CH2OHCH2OH
	-791.21733

	
	CH2OHCH + H2O
	-789.58538

	7
	CH3CHOH
	-780.716

	
	CH2CH2OH
	-780.51346

	
	CH2CH + H2O
	-779.70392


The optimal hydrogenation results for ethanol path at low *CO coverage are similar with those at high *CO coverage and displayed in Supplementary Table 3 with bold and blue.
Supplementary Table 4. Different intermediates possibly formed under different numbers of H+ transferred and the corresponding energies during methanol generation at high *CO coverage.
	Number of H+ transferred
	Intermediate
	Energy（eV）

	1
	CHO
	-805.29535

	
	COH
	-803.35949

	2
	CH2O
	-809.35756

	
	CHOH
	-808.78468

	3
	CH3O
	-813.23303

	
	CH2OH
	-813.00428


In a series of continuous H+ transfer processes, different hydrogenation positions are considered, and the state with the lowest energy is selected and marked in bold and blue (shown in Supplementary Table 4). The initial step is the hydrogenation of *CO. It can be seen that the total energy for the addition of one *H to the carbon atom of *CO to form *CHO is lower than that for the addition of *H to oxygen of *CO to form *COH. Therefore *CHO is considered as the result of *CO hydrogenation. Then hydrogenation of *CHO continues. The different situations of the hydrogenation of *CHO illustrate that *CH2O is the state with the lowest energy. In the same way, *CH3O is the result of next hydrogeneration.
Supplementary Table 5. Different intermediates possibly formed under different numbers of H+ transferred and the corresponding energies during methanol generation at low *CO coverage.
	Number of H+ transferred
	Intermediate
	Energy（eV）

	1
	CHO
	-772.54737

	
	COH
	-770.28191

	2
	CH2O
	-776.45335

	
	CHOH
	-775.8547

	3
	CH3O
	-780.4859

	
	CH2OH
	-780.39353


The optimal hydrogenation results for methanol path at low *CO coverage are similar with those at high *CO coverage and displayed in Supplementary Table 5 with bold and blue.
Supplementary Table 6. The possible reaction paths during photocatalytic CRR to ethanol on the catalyst.
	Ethanol reaction path

	CO2 + e- → CO2-

	CO2- + H+ + e- → *COOH

	*COOH + H+ + e- → *CO + H2O

	*CO + H+ + e- → *CHO

	*CO + *CHO + e- → *COCHO + *

	*COCHO + H+ + e- → *COCHOH

	*COCHOH + H+ + e- → *CHOCHOH

	*CHOCHOH + H+ + e- → *CHOHCHOH

	*CHOHCHOH + H+ + e- → *CH2OHCHOH

	*CH2OHCHOH + H+ + e- → *CH2CHOH + H2O

	*CH2CHOH + H+ + e- → *CH3CHOH

	*CH3CHOH + H+ + e- → *CH3CH2OH

	*CH3CH2OH → CH3CH2OH (g) + e- + *


Supplementary Table 7. The possible reaction paths during photocatalytic CRR to methanol on the catalyst.
	Methanol reaction path

	CO2 + e- → CO2-

	CO2- + H+ + e- → *COOH

	*COOH + H+ + e- → *CO + H2O

	*CO + H+ + e- → *CHO

	*CHO + H++ e- → *CH2O

	*CH2O + H+ + e- → *CH3O

	*CH3O + H+ + e- → *CH3OH

	*CH3OH → CH3OH (g) + e- + *


Supplementary Table 8. Typical photocatalytic systems for reduction of CO2 to ethanol11, 12, 13
	Photocatalyst
	Formation rate (μmol g−1 h−1)
	Light source, reaction mode
	Ref.

	
	Methanol (CH3OH)
	Ethanol (CH3CH2OH)
	
	

	O-CHS
	1073.04
	996.18
	Xe lamp (> 420 nm), Solid-liquid
	This work

	Red phosphorus/Bi2MoO6 
	30.2
	51.8
	Xe lamp (> 400 nm), Solid-liquid
	14

	u-g-C3N4
	6.3
	4.5
	Xe lamp (> 420 nm), Solid-liquid
	15

	m-g-C3N4
	-
	3.6
	Xe lamp (> 420 nm), Solid-liquid
	15

	Monoclinic BiVO4
	-
	101
	Xe lamp (> 400 nm), Solid-liquid
	16

	Tetragonal BiVO4
	-
	5.6
	Xe lamp (> 400 nm), Solid-liquid
	16

	1 wt% Co-doped TiO2
	26
	18
	Hg lamp (> 380 nm), Solid-vapour
	17

	Cu2+-doped TiO2
	24
	47
	365 nm LED lamp, Solid-vapour
	18

	TiO2
	6.7
	6.3
	365 nm LED lamp, Solid-vapour
	18

	AgBr-NG-g-C3N4
	21
	51
	Xe lamp (> 420 nm), Solid-liquid
	19

	GO-TiO2
	12
	145
	Hg lamp, Solid-liquid
	20

	Rh nanowires/TiO2
	-
	12.1
	Xe lamp (< 400 nm), Solid-vapour
	21

	TiO2-Pd nanowires
	-
	13
	Xe lamp (< 400 nm), Solid-vapour
	21

	NiO/Na1-xLaxTaO3+x
	60
	19
	Hg lamp (300-700 nm), Solid-liquid
	22

	MWCNTs/TiO2(anatase)
	-
	29.9
	UV lamp (365 nm), Solid-vapour
	23

	Cu2O/ml-G
	-
	545 
	UV lamp (254 nm), Solid-liquid
	24

	Pt/TaON
	-
	2.03
	Xe lamp (> 420 nm), Solid-liquid
	25

	TiO2/Ni(OH)2 
	0.58
	0.37
	Xe lamp (Simulated sunlight), Solid-vapour
	26

	1.5 wt%Ni2+–TiO2
	5.58
	13.2
	Halogen and mercury lamp, Solid-vapour
	27

	5%GQDs/V-TiO2
	22.5
	13.5
	Xe lamp (Simulated sunlight), Solid-liquid
	28

	23.2% AgBr/TiO2
	77.87
	13.28
	Xe lamp (> 420 nm), Solid-liquid
	29

	ZnO/g-C3N4
	19.0
	2.5
	Xe lamp (Simulated sunlight), Solid-liquid
	30

	Ag3PO4/g-C3N4
	-
	1.3
	Xe lamp (Simulated sunlight), Solid-liquid
	31

	5.8wt%Pd/g-C3N4
	-
	2.18
	Xe lamp (> 420 nm), Solid-vapour
	32

	Cu/Pt-HCa2Ta3O10
	7.4
	113.2
	Xe lamp (Simulated sunlight), Solid-vapour
	33

	BiVO4/RGO
	-
	5.15
	Xe lamp (Simulated sunlight), Solid-liquid
	34

	Ag@AgBr/CNT
	17.21
	2.94
	Xe lamp (> 420 nm), Solid-liquid
	35

	Red Ag/AgCl
	29.2
	44.6
	Xe lamp (> 420 nm), Solid-liquid
	36

	Sr3Ti(2-x-y)FexSyO(7-z)Nz
	60.1
	9.9
	Hg lamp (300-700 nm), Solid-liquid
	37

	Zn0.8Cd0.2S
	2.5
	6.0
	Xe lamp (> 400 nm), Solid-liquid
	38

	Pd/Mn-TiO2
	0.104
	5.699
	Xe lamp (UV light), Solid-liquid
	39

	Na(1−x)LaxTaO(3+x)
	35.0
	3.1
	Hg lamp (300-700 nm), Solid-liquid
	40

	CoTPP/Na(1−x)LaxTaO(3+x)
	36.2
	21.4
	Hg lamp (300-700 nm), Solid-liquid
	40

	Cu SAs/UiO-66-NH2
	5.33
	4.22
	Xe lamp (400 nm), Solid-liquid
	41

	Trimodal silica/g-C3N4
	-
	90
	Xe lamp (λ > 420 nm), Solid-liquid
	42

	g-C3N4 (Defect)
	3.85
	1.98
	Xe lamp (λ > 420 nm), Solid-vapour
	43

	SnxNb1−xO2
	5.25
	130.36
	Xe lamp, Solid-vapour
	44

	SrTiO3(La Cr)/Cu @ Ni/TiN
	-
	21.3
	Xe lamp, Solid-liquid
	45

	Cu/Cd0.5Zn0.5S
	-
	2.26 μmol/h
	Xe lamp, Solid-liquid
	46

	Cu2O/Pt/NH2-MIL-125(Ti)
	144.82
	239.49
	Xe lamp (400 nm), Solid-liquid
	47

	Cu2O/g-C3N4
	-
	375.66
	Xe lamp (> 420 nm), Solid-liquid
	48

	1.0 wt% AuCu/g-C3N4
	-
	211.9
	Xe lamp (> 420 nm), Solid-liquid
	49

	Cu2O-modified layered BiOI
	152.26
	68.49
	Xe lamp, Solid-liquid
	50

	1%CeO2/3%CuO/TiO2
	-
	30.5
	UV lamp (254 nm), Solid-liquid
	51

	InCu/PCN
	-
	28.5
	Xe lamp, Solid-liquid
	52

	PdxIny@N3-COF
	24.605
	8.645
	Xe lamp (400 nm), Solid-liquid
	53
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