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ABSTRACT:

Carbon capture, utilization, and storage and green (or low carbon) hydrogen have been

recently identified by the International Energy Agency as two key technologies to

decarbonize the energy and industrial sectors. Although most of the captured CO2 would

need to be permanently stored, part of it can be converted into value-added products adding

economic incentive for CO2 capture while also reducing the environmental footprint of

hard-to-abate sectors. Among the CO2 utilization technologies, carbon dioxide reduction

reaction (CO2RR) involves converting CO2 into value-added products. This can be done by

electrochemical or photocatalytic processes. The main advantages of photocatalytic CO2

conversion versus electrochemical conversion are that it operates at ambient temperatures

and pressures and photocatalyst can be designed with high efficiency and tuning selectivity,

making it a promising approach for converting solar energy into chemical fuels. Furthermore,

the use of hydrogen as a clean and renewable energy source is expected to significantly

increase in the foreseeable future, in line with many countries' efforts to compensate for the

declining fossil fuel reserves, together with the search for cleaner sources of energy and

energy storage at large scale. Hydrogen can be produced by water splitting using

electrochemical or photocatalytic processes.

In order to develop and select efficient photocatalysts for CO2 reduction or hydrogen

generation (by water or H2S splitting), it is essential, among other features, to understand the

interaction of the molecules with catalyst surfaces, mechanism of splitting or conversion, and

the limiting barriers; properties that can be provided by quantum methods. After a general

introduction, we will showcase the use of DFT for understanding the mechanisms of H2S

adsorption and dissociation on CdS surfaces to produce hydrogen, as well as

experimental-modeling results on the photocatalytic conversion of gaseous and liquid CO2

on graphene-impregnated Pt/Cu-TiO2, discussing the critical role of Cu dopant. Furthermore,

we will present some examples of the use of DFT combined machine learning to guide the

selection of efficient photocatalysts for CO2 reduction and hydrogen generation, focused on



a systematic screening of (1) transition-metal-doped Hydroxyapatite for efficient

photocatalytic CO2 reduction and (2) transition metal-doped CdS for photocatalytic

hydrogen production. The overall objective is to show how computational modeling tools

and ML can help to speed up the development of photocatalytic materials for the desired

applications.
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