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Abstract

In the past few decades, with the massive consumption of fossil fuels, the carbon dioxide content in the
air has gradually increased, and environmental problems such as global warming and energy crisis have
become increasingly serious. Using sunlight to photocatalytically reduce CO2 to high value-added prod-
ucts such as CO and CH4 is one of the important means to protect the environment and solve the energy
crisis. Metal-organic frameworks (MOFs) are a kind of crystalline porous structure composed of organic
ligands and inorganic metal ions/clusters. They have the characteristics of high crystallinity, high specific
surface area, flexible and adjustable porous structure, and easy modification, and have broad application
prospects in the field of photocatalysis. In addition, the unique photochemical properties and diverse co-
ordination modes make uranyl ions can be used as both the metal nodes of MOFs materials and the active
centers of photocatalytic reactions. Therefore, uranyl MOFs are expected to become a new type of heteroge-
neous photocatalyst. Here, we designed and prepared a new type of uranium-based MOF material IHEP-101
[(CH3)2NH2][UO2][UO2(L)(DMF)][UO2(L)(H20)]0.5-(DMF)1.5. Among them, the N202 cavity of the Salen
ligand is occupied by uranyl ions to form a linear [UO2L] metallized dicarboxylic acid ligand, and this metal-
lized ligand continues to coordinate with uranyl ions to form a distorted two-dimensional honeycomb network
structure. Adjacent layers are stacked into a three-dimensional framework structure through n - 7 interac-
tions. IHEP-101 shows good photocatalytic CO2 reduction activity. Without adding any sacrificial agent, the
yield of CO can reach 458 pmol-g-1-h-1, and the selectivity of CO can reach 98.6%. The reaction mechanism
of IHEP-101 activating CO2 is further revealed by in situ infrared spectroscopy and DFT calculations. It is
feasible for IHEP-101 to activate CO2 thermodynamically and kinetically, accompanied by the transformation
of the oxidation state of U atoms between +VI and +V. According to the existing experimental data and liter-
ature reports, a possible reaction path for the photocatalytic reduction of CO2 by IHEP-101 is proposed. This
study reveals the potential of UO22+ cations as the active sites for the photocatalytic CO2 reduction reaction,
providing a reference for the design and synthesis of new uranyl MOFs photocatalytic materials.
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