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General context:

Per- and polyfluoroalkyl substances (PFAS) are around 5,000 synthetic chemical molecules with carbon
chains of varying lengths and fluorine atoms with the most known PFOA (CsF150,H), PFOS (CsF17,S03H)
or PFBS (C3FsSOsH). These molecules are used in a wide range of industries, including automotive,
textiles, food packaging, non-stick pans, cosmetics and electronics [1]. PFAS are today omnipresent in
the environment, where they are released throughout their life cycle, from production to the
destruction of products containing them [2]. Resistant to many forms of degradation, PFAS are highly
persistent in the environment (from a few decades to several centuries), hence their nickname of
“eternal pollutants” [3]. Recently, in SPMS laboratory at CentraleSupélec, University of Paris-Saclay,
we developed a new and advanced oxidation process that is piezo-photocatalysis using laboratory-
designed oxide nanoparticles [4,5] which are capable to efficiently degrade many antibiotics or
endocrine disruptors including PFAS molecules. This piezo-photocatalysis technique exploits
mechanical and light energy to activate the piezo-photocatalysts, yielding to the oxidation and
hydrolysis of pollutant molecules like PFAS. For instance, light irradiation induces electrons in the
valence band to move to the conduction band, generating photo-induced electron and hole pairs.
These electron-hole pairs react then with available oxygen, water, and hydroxyl groups, leading to the
formation of reactive oxygen species, namely ROS, such as hydroxyl radicals (OH) and superoxide
radical anions (05). These reactive species attack and degrade, in their turn, pollutant molecules,
tackling thus the challenge of persistent pollutants.
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While our preliminary experimental results on piezo-photodegradation of PFAS using our
nanoparticles are promising, still computational modeling are crucial in understanding the complex
mechanisms that govern piezo-, photocatalysis, a prerequisite for the strategic design and engineering
of effective semiconductor piezophotocatalyst systems.

Description of the work:

This project aims therefore to investigate the oxidation of PFAS pollutants under different species such
as OH, or 05 and its possible degradation pathways in order to bring a deeper understand on the
mechanisms involved and to identify the intermediates to improve the piezo-photocatalysts,
employed at SPMS. Theoretical studies will be conducted during this PhD work using different
techniques that would provide a more realistic description of piezo-photocatalysis process of PFAS.
The obtained results will be compared to experiments carried out at SPMS. To meet the challenge of
simulating catalysis of pollutant molecules such as PFAS, multiscale modeling based on sophisticated
computational techniques will provide a solution by combining the results at different scales. On the
atomistic level, methods such as Coupled cluster (CCSD(T)) or Density Functional Theory (DFT) provide
fundamental parameters, such as geometries, reaction barriers, bond dissociation energies and
reaction kinetics or overpotentials, including excited states involved in the piezo-photocatalytic
process. This approach combined to Molecular Dynamics (MD) methods will be then used to describe
the emerging chemical environment and reconstruction of nanocatalysts while Coarse-grained
approaches for mesoscale modeling provide the dynamics of reactions and allow for identifying rate-
limiting reactions. See for example this review [6].

The PhD candidate will join a dynamic and world recognized team on both modelling and experiments.
The PhD work will be also carried out in close collaboration with the US theoretical group of Prof.
Abelardothe Ramirez-Hernandez at the University of Texas at San Antonio, UTSA. exchange and long
term stay in the US institution is planned during the PhD.
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