
 

In an advance for solar fuels, hybrid
materials improve photocatalytic carbon
dioxide reduction
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Depiction of light absorption by carbon nitride followed by electron transfer to a
cobalt catalyst. The catalyst then reduces CO2 to CO. Acid-base interactions
between the carbon nitride semiconductor and catalyst promote even coverage.
Credit: Daniel Kurtz and Hailiang Wang.
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Carbon dioxide (CO2) is a greenhouse gas that forms when producing
energy using fossil fuels. Scientists are working to transform CO2 into
valuable chemicals or fuels using sunlight.

To convert carbon dioxide into more useful carbon monoxide (CO),
researchers have identified a new hybrid material that consists of a light-
absorbing semiconductor and a cobalt catalyst. To synthesize this hybrid
system, researchers had to develop a better way to attach the catalyst to
the surface of the material. They also studied how the hybrid material
performs light-driven chemistry. This will help scientists develop more
efficient and durable systems to convert carbon dioxide into useful
products.

This study, published in the journal ACS Energy Letters, contributes to
ongoing scientific efforts to find new ways to store energy. Converting
CO2 into CO using sunlight could be a step toward storing solar energy
in the form of a chemical fuel. This process could complement batteries
and other energy storage technologies. To make these solar chemical
fuels practical and viable, scientists must develop fast and efficient
catalytic systems. This study advances the fundamental understanding of
how light-absorbing hybrid systems can drive the catalytic production of
chemical fuels using solar energy.

Hybrid materials for photocatalysis could leverage the high selectivity
and efficiency imparted by a molecular catalyst synergistically with the
durability of a solid material support. This research, carried out at the
Center for Hybrid Approaches in Solar Energy to Liquid Fuels
(CHASE) headquartered at the University of North Carolina at Chapel
Hill, integrates a known cobalt catalyst onto the surface of a light-
absorbing carbon nitride material. The research team included
researchers from Yale University, Emory University, and North Carolina
State University.
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The attachment strategy results in a high surface coverage of catalyst,
and it arranges the molecules uniformly on the surface of the hybrid
material. These two properties are key to high catalytic performance of
this hybrid material, which very rapidly produces nearly exclusively CO
from CO2.

Development of a high-performing photocatalytic system is a significant
advance. To improve upon this discovery, scientists need to understand
the material's shortcomings and the way it promotes reactivity. These
new investigations both identify the active state of the molecular catalyst
and study the process that forms this active catalyst, revealing that it
takes some time to generate the active and highly reduced form of the
catalyst. Additionally, this research correlates a decrease in catalyst
efficiency with decomposition of the catalyst itself, not the integrity of
the entire hybrid system.

  More information: Bo Shang et al, Monolayer Molecular
Functionalization Enabled by Acid–Base Interaction for High-
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