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Introduction

Biomass conversion is one of the key ways
forward in solving the problem of dwindling
resources. This requires the ability to transform
highly oxidized molecules into value added
molecules, often requires hydrogenation. One
commonly used catalyst for the hydrogenation of
biomass molecules is Ru supported over TiOz. The
difficulty in studying the catalyst is that it is used in
water, making its surface state hard to determine.

Prior research into the surface state of the
Ru-water interface! has shown that in the presence
of water and under realistic reaction conditions
(500K), adsorbed water molecules fully dissociate.
This paves the way for investigating more realistic
systems, in particular subnanometric (~10 atoms) Ru
nanoparticles adsorbed on titania.
Materials and Methods

Global optimization was performed by
using the PGOPT? program to generate numerous
and varied nanoparticle morphologies (Ruio
supported on TiO: anatase 101) with different
combinations of water molecules and varying
degrees of splitting of these water molecules. Several
thousand structures were thus generated and
optimized using the CP2K software (PBE
functional), allowing for the free energy of the
system to be studied according to different structural
parameters. A typical structure obtained through this
method is shown in Fig. 1.

Figure 1. Ruio supported on TiOz (anatase 101)
Results and Discussion
The stability of nanoparticles can be
analyzed according to the number of water

molecules adsorbed, the potential splitting of these
water molecules into H + OH or 2H + O, and a
variety of morphological parameters.

Fig. 2 shows the free energy of the most
stable configuration obtained for different numbers
of water molecules adsorbed on the nanoparticle and
differing degrees of water dissociation.
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Figure 2. Free energy (eV, at 500K and water
saturation pressure) of the most stable configuration
obtained according to the number of water molecules
adsorbed on the nanoparticle (horizontal axis) and
the number of broken bonds on the water molecules
(vertical axis), i.e. the degree of water dissociation.

This establishes the presence of OH adsorbed on the
nanoparticles, a key species used to explain reaction
mechanisms on Ru nanoparticles but for which there
has been no direct of evidence of its presence up until
this point.

Significance

This computational study into the surface state of Ru
nanoparticles at the titania-water interface allows for
a better understanding the in situ behavior of a
common biomass conversion catalyst, the surface
state of which, was, until now, poorly characterized.
In particular this work shows evidence for the
presence of key OH species adsorbed on Ru
nanoparticles.

References

1. M. A. Ramzam et al., J. Phys. Chem. Lett. 2023, 14, 4241

2. H.Zhai, A. N. Alexandrova, J. Phys. Chem. Lett. 2018, 9,
1696

Keywords: grand canonical sampling, nanoparticle



