How to Model the Oxygen Evolution at the Solid-liquid Interface?
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The design of highly efficient electrodes for photoelectrochemical (PEC) water splitting is of
both fundamental and practical importance.1-4 The solid-gas model simulations of the oxygen
evolution reaction (OER) have demonstrated that the water splitting activity can be enhanced
strongly by tuning of surface properties,5-6 such as surface orientation, surface steps, nanostructure (nano-cluster and nano-cavity), co-catalyst and oxygen vacancies.5-7 This is how the
electrode morphology affects the adsorption energies of the intermediate species during the
OER. However, it is a solid-liquid (usually semiconductor-water for the PEC cell) interface at
experimental condition. Therefore, to simulate the experimental PEC condition the solid-liquid
interface, as shown in Figure 1 (a), should be considered instead of state-of-the-art solid-gas
interface. This is very challenging, since we are dealing here with a photo-activated system and
semiconductor materials in a reacting solid-liquid environment. To stimulate the discussion in
this field of research, we propose here the rump discussion of oxygen evolution at the solidliquid interface within the topic of solute/electrode interaction. Our preliminary ab-initio
molecular dynamics simulations predict that the free energy step (Figure 1 (b)) is much lower
than earlier determined by the solid-gas model (1.9 eV)5. However, it is very difficult to
rationally calculate the activation energy and the reaction rate constant due to the complexity of
the solid-liquid interface and the very dynamic proton transfers. We propose at the rump session
to discuss among others the following aspects, which are important and not well understood in
the field of PEC water splitting. (a) How can we calculate the free energy, activation energy
and rate constants at the solid-liquid interface considering the reactive environment in the
surrounding of water molecules (compared to the solid-gas model)? (b) How do the
physical/chemical parameters (for example pre-factors) of the solid-liquid interface affect the
simulation results (such as coverage of intermediate species)? (c) What is the difference
between the light excitation and electrical excitation (since the PEC process is typically
assumed as an electro-catalytic process in the OER simulations)? and (d) Does the OER reaction
mechanism obtained at the solid-gas model still hold for the solid-liquid interface? At the end of
the rump discussion we will be able to formulate a clear story about how to solve the challenges
in the simulation of solid-liquid interface. In addition to the discussion for PEC system, the
discussion results obtained can be widely applied to other systems with the solute/electrode
interaction.

Figure 1 a) the solid-liquid interface with the proton transfer process highlighted in green, (b) the free
energy profile of the proton transfer from the surface to the water solution.
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