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The mounting threat of climate change expediates the necessity to eliminate fossil fuel 
emissions, a task that requires the development of carbon-neutral fuel alternatives. Current 
carbon-neutral fuels, such as hydrogen, suffer from low energy density, making meaningful 
storage impractical. A proposed alternative is to react hydrogen with carbon dioxide to produce a 
liquifiable hydrocarbon fuel with a similar energy density to fossil fuels. This reaction, however, 
proceeds unreasonably slowly, thus requiring a catalyst to provide a faster route to fuel 
production. 

Our catalysts are designed to create a H+ and an H- species based on the hard-soft acid-
base mismatch theory. In essence, we will create a catalyst with a soft acid and a hard base, that 
will correspond to H2 which consists of a hard-acid and soft-base pair. The like species will bond 
to each other, creating a hard-hard match (H+ carrier) and a soft-soft match (H- carrier). Due to 


