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Catalysts for for the reduc on of CO2 are of interest in the produc on of solar fuels, and as a means of mi ga ng atmospheric 
CO2.  The ques on of which solar fuels should be made from CO2 is an important one.  Unlike water spli ng (H2O ® H2 + ½ O2) 

where a single reduced product (H2) is obtained, the reduc on of CO2 can produce a variety of different chemical reduc on 
products, CO, HCOOH, H2CO, CH3OH, CH4, to name a few, as well as C2 and higher products.  Which product(s) will be produced 

from solar energy, and then be used as building blocks to manufacture higher fuels and specialty chemicals is not presently 
known.  Indeed, the ques on of whether CO2 should be reduced electrochemically to an organic molecule, or instead, hydrogen 
produced by water spli ng, should be used to hydrogenate CO2 to organic products is not clearly understood at this me. There 
are very few known catalysts for the efficient hydrogena on of CO2, so whether electrochemical reduc on or hydrogena on of 
CO2 is ul mately prac ced on an industrial scale, the development of new catalysts will be required to enable new technology.  

Several recent advancements in the ac va on and electrochemical reduc on of CO2 have been achieved.  These include the use 
of earth‐abundant metals including manganese, in place of rhenium and ruthenium, and the use of ar ficial co‐factors to  

promote catalysis.  The general proper es of molecular catalysts on conduc ng substrates under bias as probed by surface  
spectroscopies pose challenges to researchers a emp ng to do catalysis at an electrified interface.  Surface spectroscopies can 

provide detailed informa on about the electronic structure and environmental effects of catalysts opera ng within the diffusion 
layer of an electrode under bias. Recent studies of the effects of high electric fields on molecular catalysts supported on  

electrode surfaces will be presented.  The rates of catalysts opera ng at different applied voltages (without current flow) will be  
discussed within the context of Stark Effect tuning of catalyst orbital energies.  Recent results of achieving highly ac ve hybrid 
electrocatalyst materials based on molecular catalysts and graphi c carbon supports for selec ve reduc on of CO2 in water at 

neutral pH will also be presented. 
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