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Photochemical reactions
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Photochemical reaction is complicated

1) Optical transition
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2) Charge transport
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Metal vs semiconductors
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General modeling & DF T approach
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Correction of adsorption energy calculations for
semiconductors

<Real Nature> <DFT Calculation>
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Needs a new theoretical scheme!!



Corrections for theoretical photochemical
reaction prediction

1. Fermi-level-dependency of adsorption energy

2. Coverage-depdency of adsorption energy



Fermi level dependent adsorption energy
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For varying Fermi level Correction energy
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Example1. CeO,
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Example1. CeO,
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Example1. CeO,

Examples of P-type dopants
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Example2. TiO,
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H.Choi*, J. K. Kim*, J. H. Park*, et al., Chem. Eng. J. 2020, 126929.

Why reduction (more oxygen
vacancy) on TiO, makes better

photoelectrochemical water
splitting activity?

Why reduction make the water
splitting performance less pH-
dependent



Example2. TiO,
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Example2. TiO,
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Adsorption energy correction

Fermi level variation:

AG = (Esubstrate+adsorbate _ Esubstrate _ Eadsorbate) + q(gF + EVBM) + Eiso _ Eper +4q AV

For varying Fermi level Correction energy

pH-variation in water:

Modified model for aqueous H* ion adsorption

K — [Substate — H +] 0 ”_ K10-PH
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pH = _loglo[H+]




Adsorption energy
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* Photochemical reaction activities on semiconductor surfaces have
not been successfully predicted or analyzed.

« Surface reaction activity on semiconductors could be well predicted
and explained with modified model: Fermi-level-dependent
adsorption energy

« Considering the potential difference of band levels and redox levels,
photoexcitation effects can be expressed in accurate reaction
pathway prediction.



