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Solar fuel synthesis refers to the process of using renewable energy sources such as solar
energy, along with carbon dioxide and water, to synthesize hydrocarbon fuels. This is a type of
energy storage technology that converts intermittent and dispersed renewable energy into
storable forms. Currently, solar fuel synthesis technologies are divided into three main routes:
photocatalysis, photoelectrocatalysis, and photovoltaic-electrocatalysis. From a fundamental
perspective, the first step in each of these routes is the absorption of light energy and its
conversion into electrical energy within a semiconductor, forming electron-hole pairs. This step
determines the number of charge carriers available for subsequent catalytic reactions, thereby
setting the upper limit of the solar fuel synthesis efficiency for each route. Therefore, high-
quality semiconductor materials, characterized by a wide light absorption range, high charge
mobility, and long migration distances, are essential for achieving efficient solar fuel synthesis.
For semiconductors, their "structure" is crucial to their properties and performance. However,
the current field encompasses a broad and rich understanding of structure, including but not
limited to molecular structure, band structure, micro/nano morphology, crystal structure, and
electronic structure. So, which aspect of structure is the key factor influencing the properties
and performance of semiconductors? To answer this question, the presenter conducted related
research from the perspective of the molecular structure of organic semiconductors and the
micro/nano morphology of inorganic semiconductors, focusing on how to enhance the light
absorption and charge transport capabilities of semiconductor materials, thereby improving the
efficiency of solar fuel synthesis [1-6].
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