Electrochemical Reduction of Carbon Dioxide on Molybdenum Disulfide Edges
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Abstract:

During the last few decades, the amount of carbon dioxide (CO,) has reached the highest level (396.80 ppm) of the
last 20 million years', causing radical and largely unpredictable changes in the environment***. Recent efforts have
revealed that CO, can be converted by electrochemical reduction processes using renewable energy sources into
energy-rich modules, offering an efficient path for both CO, remediation and an alternative energy source®®"®, In
this study, we found that MoS, catalyst with molybdenum (Mo) terminated edges exhibits higher CO, reduction
performance compared to the noble metals (e.g. gold and silver) with a significantly high current density and low
overpotential (54 mV). The catalysts’ overall performance by multiplying current density and faradaic efficiency as
the two major electrochemical parameters at different overpotentials shows that MoS, exhibits the highest
performance at each overpotential. The exceptionally high catalytic activity of MoS, is attributed to the Mo
terminated edges, where the Mo atoms possess approximately one order of magnitude higher electronic (d orbital)
density than noble metals. Moreover, the lower work function (3.9 eV) also promotes the advanced performance of
the MoS, catalyst. The performance of the MoS, catalyst is further improved by designing an atomic edge
terminated surface via synthesizing vertically aligned MoS,. This finding exhibits a non-precious and earth abundant
MoS, catalysts can successfully replace expensive noble metal electrodes, with the promise of higher CO,
conversion rates and selectivity.
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