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Topical Talk O 70.1 Thu 15:00 H6
Stability and dynamics of cluster catalysts and their sup-
ports — Sebastian Kaiser, Johanna Plansky, Fabian Knoller,
Alexander Bourgund, Ke Zhang, Ueli Heiz, Friedrich Esch,
and ∙Barbara A. J. Lechner — Department of Chemistry & Catal-
ysis Research Center, Technical University of Munich, Germany
The intrinsic metastability of supported clusters can induce a vast
range of dynamics that strongly influence their physical and chemical
properties, while being experimentally highly challenging to investi-
gate. Here, I will present a range of surface dynamics that occur in
supported cluster dynamics, ranging from confined cluster diffusion,
cluster encapsulation, support mobility and reactant spillover to lat-
eral diffusion linked to reactivity. Our experimental approach is to
combine static, statistically sound, and dynamic, time-resolved scan-
ning tunneling microscopy (STM) to investigate the diffusion, sinter-
ing, and restructuring of size-selected clusters on weakly and strongly
interacting supports.

O 70.2 Thu 15:30 H6
The role of water in oxidation of the Pt/Co3O4 in-
terface — ∙Yaroslava Lykhach1, Lukáš Fusek1,2, Maximil-
ian Kastenmeier1, Tomáš Skála2, Nataliya Tsud2, Viktor
Johánek2, Sascha Mehl3, Josef Mysliveček2, Olaf Brummel1,
and Jörg Libuda1 — 1Friedrich-Alexander-Universität Erlangen-
Nürnberg, Erlangen, Germany — 2Charles University, Prague, Czech
Republic — 3Elettra-Sincrotrone Trieste SCpA, Basovizza-Trieste,
Italy
Electronic metal-oxide interactions (EMSI) play a major role in the de-
sign of advanced functional materials for applications in catalysis. We
investigated the influence of the EMSI on the oxidation state of ultra-
small Pt particles supported on a well-ordered Co3O4(111) substrate
in the presence of co-adsorbates, i.e. hydroxyl groups and molecularly
adsorbed water, by means of synchrotron radiation photoelectron spec-
troscopy and scanning tunnelling microscopy. The EMSI gives rise to
charge transfer across the metal-oxide interface and results in partial
oxidation of Pt deposits coupled with partial reduction of Co3O4(111).
We detected ultra-small Pt𝛿+ aggregates in combination with atom-
ically dispersed Pt2+/4+ species. While the oxidation degree of Pt
deposits is not influenced by the presence of co-adsorbates, the magni-
tude of the charge transfer is enhanced in the presence of molecularly
adsorbed water. Subsequent annealing in UHV leads to re-oxidation
of Co3O4(111) accompanied by an increase in the amount of Pt4+
species. This observation suggests the re-dispersion of Pt𝛿+ aggre-
gates to Pt4+ species triggered by the dissociation of water.

O 70.3 Thu 15:45 H6
Ripening mechanism changes with cluster size: In situ ob-
servation of Pt cluster diffusion on Fe3O4(001) — ∙Sebastian
Kaiser, Johanna Plansky, Ueli Heiz, Barbara A. J. Lechner,
and Friedrich Esch — Technical University of Munich, Garching,
Germany
Ripening of small oxide-supported metal clusters is a common deac-
tivation mechanism in heterogeneous catalysis. We use scanning tun-
neling microscopy (STM) to follow the diffusion and ripening of size-
selected Pt clusters on an Fe3O4(001) support. Thanks to a strong
cluster-support bonding, ripening and coalescence only set in at ele-
vated temperatures. Particle size analysis of our STM images reveals
that Pt19 exhibits Ostwald ripening at temperatures above 800 K,
i.e. with cluster growth by atom diffusion. In contrast, the smaller
Pt5 and Pt10 clusters show Smoluchowski ripening, i.e. the diffusion
of entire clusters, already in the temperature range of 600 to 800 K
and Ostwald ripening >800 K. We not only observe the ripened clus-
ters in STM, but could successfully follow the diffusion process in situ
by STM movies. Surprisingly, temperature programmed desorption
(TPD) measurements of CO molecules show that in this temperature
range the clusters get concomitantly encapsulated by iron oxide via
strong metal support interaction (SMSI). Cluster diffusion thus oc-
curs despite a strong interaction with the magnetite support and the
diffusing species is most likely a cluster with Fe and O atoms on top.

O 70.4 Thu 16:00 H6
Tuning SMSI Kinetics on Pt-loaded TiO2(110) by Choos-

ing the Pressure — ∙Philip Petzoldt1, Moritz Eder1,
Sonia Mackewicz1, Monika Blum2,3, Tim Kratky4, Sebas-
tian Günther4, Martin Tschurl1, Ueli Heiz1, and Bar-
bara Lechner5 — 1Physical Chemistry, Department of Chemistry
and Catalysis Research Center, Technical University of Munich —
2Advanced Light Source, Lawrence Berkeley National Laboratory —
3Chemical Sciences Division, Lawrence Berkeley National Laboratory
— 4Physical Chemistry with Focus on Catalysis, Department of Chem-
istry and Catalysis Research Center, Technical University of Munich
— 5Functional Nanomaterials, Department of Chemistry and Cataly-
sis Research Center, Technical University of Munich
The encapsulation of noble metal particles on reducible supports due
to a strong metal-support interaction (SMSI) has already been exten-
sively studied. However, there is still an ongoing debate on important
aspects such as the influence of oxygen or hydrogen treatments on the
encapsulating overlayer. We have utilized synchrotron-based NAP-
XPS in order to investigate the SMSI for Pt-loaded TiO2(110) single
crystals under the influence of H2 and O2 at different pressures. In an
O2 atmosphere two different, pressure-dependent phenomena, namely,
an oxidation of Pt particles and a loss of Pt signal intensity, are ob-
served at 800 K. While the oxidation is partially reversed in vacuum,
the intensity of the platinum signal cannot be recovered. H2 annealing
has no significant additional effect compared to vacuum annealing. In
the presentation, we discuss possible origins of these observations.

O 70.5 Thu 16:15 H6
Deposition and annealing of FeNi nanoparticles on sur-
faces — ∙Mahboobeh Ravankhah1, Mathias Getzlaff1, Ger-
hard Dehm2, and Philipp Watermeyer2 — 1Institut für Ange-
wandte Physik, Universität Düsseldorf — 2Max-Planck-Institut für
Eisenforschung GmbH, Düsseldorf
3d bimetallic nanoparticles have received lots of attention due to their
technological applications in ultrahigh density information storage,
catalysis and biomedicine. The thermal stability and the magnetic
properties of the in-vacuo prepared bimetallic nanoparticles are shown
to depend on the composition and their structure. Here we report
on new findings of structure and composition of Fe-Ni nanoparticles,
synthesized via a magnetron sputtering source and deposited on a
Tungsten crystal surface. The elemental distribution of nanoparti-
cles is determined by high resolution transmission electron microscopy
(HRTEM) and electron energy loss spectroscopy (EELS). It is found
that the nanoparticles have a shell formed by Fe atoms and a core
composed of Fe and Ni with the gradient of composition from core to
the surface. The melting behavior of nanoparticles was studied under
UHV conditions by scanning tunneling microscopy (STM) as a func-
tion of heating temperature. The unrolling carpet, surface diffusion
and anisotropy spreading are driving processes to form monolayer high
islands above the melting point. The relevant result could be helpful
for the design and preparation of stable and controllable bimetallic
nanoparticles for technological applications.

O 70.6 Thu 16:30 H6
Reaction Pathways in Alcohol Photoreforming on Cluster
Co-Catalyst Loaded TiO2(110) — ∙Sonia Mackewicz, Moritz
Eder, Philip Petzoldt, Martin Tschurl, and Ueli Heiz — Phys-
ical Chemistry, Department of Chemistry and Catalysis Research Cen-
ter, Technical University of Munich
Heterogeneous photocatalysis offers the prospect of utilizing solar en-
ergy for the environmentally benign production of chemical fuels such
as hydrogen. State-of-the-art materials often comprise co-catalyst
loaded semiconductors, but these systems are still limited in efficiency.
In order to systematically optimize photocatalysts, a profound knowl-
edge of reaction mechanisms is crucial, whose details are so far little
understood. Alcohols are an ideal model system to investigate reac-
tion mechanisms in photocatalysis. Furthermore, they may serve as
renewable sources for hydrogen in the future. In this talk, we give
insights into the mechanistics of the alcohol photoreforming reaction
on co-catalyst loaded TiO2(110). It is shown that semiconductor pho-
tocatalysis selectively enables new reaction pathways, which are not
accessible by thermal or conventional chemical methods.

O 70.7 Thu 16:45 H6
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Electron transfer reaction by time resolved (TRS) and core
level spectroscopy (XPS) and STM on Au/TiO2(110) single
crystal systems. — ∙Hicham Idriss — Institute of functional In-
terfaces, KIT, Karlsruhe
Charge transfer from or to a metal deposited on an oxide semicon-
ductor are central to photocatalysis. In order to probe into this phe-
nomenon, the effect of gold coverage on the chemical state of Ti cations,
upon photoexcitation of rutile TiO2(110) single crystal, was inves-
tigated by X-ray photoelectron spectroscopy (XPS). Photocatalytic
reaction of gas phase ethanol (a hole scavenger) on TiO2(110) and
Aux/TiO2(110) resulted in the formation of Ti3+ cations. Increasing
the Au coverage resulted in the gradual decrease of these Ti3+ cations.
The ”quasi” total consumption of these reduced states was found at
a ratio Au atoms to reacted Ti3+ close to one; this corresponded to
about 0.50 at. % of Au. The relationship suggests that electron trans-
fer occurs from the excited semiconductor to Au atoms during the cat-
alytic reaction. In order to complement the work H2 production rates
of an electron donor, such as ethanol, over Au clusters with different
sizes and coverage deposited on single crystal rutile TiO2(110) were
studied by scanning tunneling microscopy, online mass spectrometry
and complemented by femto second pump probe spectroscopy. It was
also found that there is a non-linear increase of the H2 production rate
with increasing gold coverage. The key determining factor appears to
be the Au inter-particle distance. Increasing this distance resulted in
an increase in the normalized reaction rate.

O 70.8 Thu 17:00 H6
Surface Ligand Infrared Spectroscopy: In-Situ Charac-
terization of Noble Metal Clusters and Metal Oxides at
Work — ∙Eric Sauter1, Daria Gashnikova2, Florian Maurer2,
Alexei Nefedov1, Stefan Heißler1, Yuemin Wang1, Jan-Dirk
Grunwald2, and Christof Wöll1 — 1Intitute of Functional In-
terfaces, KIT, Eggenstein-Leopoldshafen, Germany — 2Institute of
Chemical Technology and Polymer Chemistry, KIT, Karlsruhe, Ger-
many
To achieve a full understanding of chemical processes at exposed sur-
faces in-situ and operando investigations are required. For studies
of catalytic processes under real conditions, IR spectroscopy offers a
number of advantages. In the present study, surface ligand infrared
spectroscopy was used to perform an in-situ investigation of the surface
characteristics of cerium oxide single crystals as well as catalytic active
NM-clusters on cerium oxide nanoparticles. Low temperature adsorp-
tion of carbon monoxide was used to identify the surface structure and
morphology, visible through distinctive adsorption bands blue shifted
in respect to the gas phase, which can be used as reference for the
interpretation of more complicated spectra like powders or nanopar-
ticles. Additionally, noble-metal clusters were investigated in pristine
condition as well as in the reduced state. Upon heating, desorption of
the probe molecule occurred and at higher temperatures deformation
and sintering of the clusters was observed. The investigation shows

the power of infrared spectroscopy as a tool for in-situ investigations
and characterization of NM-clusters and metal oxides at work.

O 70.9 Thu 17:15 H6
AI with Experimental and Theoretical Data toward the
Understanding CO2 Hydrogenation Catalysis: The Role of
the Support Materials — ∙Ray Miyazaki1, Kendra Belthle2,
Harun Tüysüz2, Lucas Foppa1, and Matthias Scheffler1 —
1The NOMAD Laboratory at the Fritz Haber Institute of the
Max Planck Society, Germany — 2Max-Planck-Institut für Kohlen-
forschung, Germany
The genesis of organic molecules from CO2 at a hydrothermal vent,
which is a fissure on the seafloor, is one of the theories for the ori-
gin of life [1]. We focus on CO2 hydrogenation catalyzed by cobalt
nanoparticles supported on SiO2, which mimic the environment of a
hydrothermal vent. In particular, we investigate the role of support
materials by using several amorphous SiO2 supports incorporating dif-
ferent elements (e.g., Ti, Zr). In this study, the experimental selectivity
toward organic molecules (e.g., methanol, formic acid) is modeled by
the sure-independence screening and sparsifying operator (SISSO) AI
approach [2]. Both experimental and theoretical data are adopted as
the input features for SISSO, such as atomic-scale features calculated
by density functional theory and experimental characterization data.
Our approach identifies the key descriptive parameters correlated to
the selectivity, which lead to a better understanding of the origin of
life and to design of novel CO2 hydrogenation catalysts.
[1] M. Preiner et al., Nat. Ecol. Evol., 4, 534-542 (2020).
[2] R. Ouyang et al., Phys. Rev. Mater., 2, 083802 (2018).

O 70.10 Thu 17:30 H6
Near-ambient pressure studies of size selected clusters
on ultrathin silica films — ∙Matthias Krinninger, Florian
Kraushofer, Friedrich Esch, and Barbara A.J. Lechner — De-
partment of Chemistry, Technical University of Munich, 85748 Garch-
ing, Germany
Silicon oxide is a widely used catalyst support material for clusters
and nanoparticles. Understanding the relationship between these clus-
ters and the support is challenging, however, because SiO2 is insu-
lating, and in most applications not crystalline, which limits the use
of diffraction-based experimental techniques. Some progress has been
made by growing ultrathin, quasi-2D silica bilayer films on a variety of
metal supports [1], which can then be measured by scanning tunneling
microscopy (STM). Here, we show first results for ultrathin silica films
grown on Pt(111) and their interaction with deposited metal clusters,
examined by near-ambient pressure (NAP) XPS and NAP-STM. We
investigate the stability of the films, their ability to stabilize small
clusters without sintering, and the dependence of this stability on the
crystallinity of the film.

[1] C. Büchner, M. Heyde, Two-dimensional silica opens new per-
spectives, Prog. Surf. Sci., 92 (2017) 341-374.
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