One-step photodeposition of spatially separated CuOx and MnOx dual cocatalysts on g-C3N4 for enhanced CO2 photoreduction
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Characterization
[bookmark: _GoBack]An X-ray Diffraction (XRD) instrument (D8 Advance, Bruker) with Cu Ka radiation (k = 1.548 Å) was used to determine the crystal phase. The morphology of the material and its elemental distribution of zinc, oxygen, and carbon were characterized by scanning electron microscopy (SEM, MIRA3 TESCAN) and transmission electron microscopy (TEM, JEOL J2100F). XPS instrument (PHI 5000 VersaProbe II), equipped with a monochromatic Al Ka (1486.6 eV) X-ray source. In-situ FTIR spectra of all the samples were recorded via a Nicolet is50 FTIR spectrometer. A UV-vis spectrophotometer (Lambda 950, Perkin-Elmer) was used to obtain the optical properties of the materials. Photoelectrochemical measurements were performed in a three-electrode cell setup. A Pt wire and Ag/AgCl electrode were used as the counter electrode and reference electrode, respectively. For the working electrode, 10 mg of the material powder was dispersed in 0.4 mL of DI water, 0.1 mL ethanol and 0.01 mL of Nafion solution. After ultrasonication for 30 min, the above suspension was dropped onto the surface of an FTO conductor glass slide. The photocurrent was measured using a CHI 760 electrochemical station (Shanghai Chenhua, China) in 0.2 M Na2SO4 solution under the irradiation of a 300W Xe lamp.
CO2 photoreduction experiment
The photocatalytic CO2 reduction measurements were conducted on a Labsolar-6A system (Beijing Perfectlight Technology Co., Ltd.). Typically, a certain amount of catalyst powder was dispersed in water and oven-dried in a circular glass dish. Then, 2 mL deionized water was injected into the reaction chamber and the system was initially vacuum treated. High-purity CO2 gas was then filled in the system to reach a subnormal pressure (80 kPa). Visible light irradiation was provided by a 300 W Xe lamp with a 420 nm cut-off filter (Microsolar 300, Beijing Perfectlight Technology Co., Ltd.). During light irradiation, the gas products were analyzed by a GC 9790Ⅱ gas chromatograph using FID detector. The reaction temperature was controlled at 298 K by a recirculating cooling water system. The product slectivity and electron selectivity are calculated according to the follow equation:

where n is the yield of the product

