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            Abstract
The photoelectrochemical (PEC) production of syngas from water and CO2 represents an attractive technology towards a circular carbon economy. However, the high overpotential, low selectivity and cost of commonly employed catalysts pose challenges for this sustainable energy-conversion process. Here we demonstrate highly tunable PEC syngas production by integrating a cobalt porphyrin catalyst immobilized on carbon nanotubes with triple-cation mixed halide perovskite and BiVO4 photoabsorbers. Empirical data analysis is used to clarify the optimal electrode selectivity at low catalyst loadings. The perovskite photocathodes maintain selective aqueous CO2 reduction for one day at light intensities as low as 0.1 sun, which provides pathways to maximize daylight utilization by operating even under low solar irradiance. Under 1 sun irradiation, the perovskite–BiVO4 PEC tandems sustain bias-free syngas production coupled to water oxidation for three days. The devices present solar-to-H2 and solar-to-CO conversion efficiencies of 0.06 and 0.02%, respectively, and are able to operate as standalone artificial leaves in neutral pH solution.
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                    Fig. 1: Architecture of the standalone perovskite–BiVO4 PEC tandem device for bias-free syngas production.[image: ]


Fig. 2: Electrocatalysis of CoMTPP@CNT electrodes.[image: ]


Fig. 3: PEC performance of the perovskite|CoMTPP@CNT photocathode.[image: ]


Fig. 4: PEC of the BiVO4–perovskite|CoMTPP@CNT tandem device.[image: ]
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The raw data that support the findings of this study are available from the University of Cambridge data repository53: https://doi.org/10.17863/CAM.44164.
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