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Abstract

The growing need for renewable energy sources as well as the environmental challenge of reducing CO2 content in the atmosphere represent crucial issues for next future world. In this scenario, an efficient conversion of carbon dioxide into value-added chemicals and liquid fuels by means of electrochemical and photochemical processes is very attractive. In particular, the rational design of transition metal complexes with polypyridyl ligands, working as molecular catalysts for the CO2 reduction process has become a central topic in scientific research in the last decade.[1] 
The fac-Re(bpy-R)(CO)3X compounds (bpy-R = 2,2’-bipyridine or its 4,4’-substituted derivatives, X = anionic ligands or solvent molecule) are undoubtedly one of the most studied categories of molecular electro- and photocatalysts for CO2 reduction, as they are capable to catalyse highly selective reduction of carbon dioxide to CO by applying suitable potentials as well as by absorption of UV-visible radiation.[2] Among them, we have recently reported the electro- and photocatalytic performances of a series of novel chlorotricarbonyl Re(I) complexes containing a highly fluorescent group, covalently attached to common polypyridyl ligands.[3]  

Nevertheless, the design of catalysts based on rare precious transition metals represents a crucial economic limitation to the widespread usage of these systems. Thus, a growing interest in studying fac-Mn(bpy-R)(CO)3Br coordination compounds has been reported in recent years, as they were found to be efficient electrocatalysts able to reduce CO2 to CO with high faradaic efficiencies and at lower overpotentials, in comparison with the Re(I) counterparts.[4] A Mn(I)-based catalyst, bringing an asymmetric bipyridyl ligand with intramolecular phenolic groups, has recently revealed excellent electrocatalytic properties in organic solvents even in absence of an explicit amount of Brønsted acid in solution: this provided new insights about the effect of a local proton source on the activity of a bromotricarbonyl Mn(I) redox catalyst for CO2 reduction.[5]
Lastly, concerning a more sustainable research, we also investigated tetracarbonyl low-valent Group VI metal complexes with polypyridyl ligands, M(CO)4(α,α’-diimine) (M = Mo, W), as potential electrocatalysts for CO2 reduction, as this represents an almost unexplored area of research.[6] Furthermore, such α,α’-diimine ligands alternative to the more common bipyridyl ones as 2,2’-dipyridylamine, were unexpectedly found to provide good electrocatalytic activities in Mo and W-based complexes, even though at high overpotentials. 
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