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O 82.1 Thu 15:00 H5
Embedding of cluster superlattices to prevent sintering —
∙Tobias Hartl, Moritz Will, Pantelis Bampoulis, and Thomas
Michely — II. Physikalische Institut, Universität zu Köln
Deposition of a metal, for example Ir, Pt, or W, on the moiré of Gr
on Ir(111) leads to a well-ordered cluster superlattice [1]. These clus-
ters are tunable in size, from a few up to hundreds of atoms each,
and are of interest for catalysis due to their size dependent properties.
However, their use is limited by their low thermal stability against
sintering, which for the system under concern takes place by cluster
diffusion and coalescence (Smoluchowki ripening) and starts around
500 K. Sintering destroys cluster order, broadens the size distribution
and greatly reduces the cluster number density.

Here we explore embedding of an Ir cluster superlattice on
Gr/Ir(111) into a matrix of elemental carbon. With increasing de-
posited amount of carbon, a conformal carbon coverage of the metal
clusters establishes. As evidenced by scanning tunnelling microscopy,
the embedding process does not affect the order of the cluster super-
lattice. Most important, sintering of the clusters by Smoluchowski
ripening is suppressed up to the highest investigated temperatures of
1350 K.

[1] N’Diaye, AT. et al., New Journal of Physics, 2009

O 82.2 Thu 15:15 H5
Graphene-coating of Platinum nanoparticles — ∙Martha
Scheffler, Georgios Pantazidis, and Liv Hornekaer — Depart-
ment of Physics and Astronomy, Aarhus University, Denmark
Despite the great potential that has been reported for core-shell metal-
metal nanoparticles in catalytic processes and biomedical applica-
tions, similar reports on graphene-coated nanoparticles are lacking.
Graphene coatings prevent nanoparticles from sintering, increase the
temperature stability, and can prevent corrosive species from blocking
the catalytically active sites. For some single crystal systems, graphene
coatings have been shown to have beneficial effects, improving reaction
efficiency.

We will present our measurements on graphene-coated Platinum
nanoparticles. We synthesized Pt nanoparticles of tens of nm in di-
ameter under UHV conditions using an HOPG support. Via chemical
vapor deposition using ethylene, we produced a graphene coating on
these nanoparticles that is tested on its catalytic and reactive prop-
erties. We use scanning tunneling microscopy to describe the shape
and size of the nanoparticles as well as the topography of the graphene
layer.

O 82.3 Thu 15:30 H5
Dehydrogenation of Liquid Organic Hydrogen Carriers on
Supported Pd Model Catalysts: Carbon Incorporation
under Operation Conditions — ∙Ralf Schuster1, Fabian
Waidhas1, Manon Bertram1, Henning Runge2, Simon Geile2,
Simon Chung2, Vedran Vonk2, Heshmat Noei2, Yaroslava
Lykach1, Florian Bertram2, Andreas Stierle2, and Jörg
Libuda1 — 1Physikalische Chemie II, Friedrich-Alexander-Universität
Erlangen-Nürnberg, Egerlandstr. 3, D-91058 Erlangen — 2Deutsches
Elektronen-Synchrotron DESY, Notkestr. 85, D-22607 Hamburg
Hydrogen and carbon, formed during the dehydrogenation and uns-
elective decomposition of liquid organic hydrogen carriers (LOHCs)
under reaction conditions, may diffuse into the bulk of the catalyst
and, thus, change its activity and selectivity. We studied the influence
of hydrogen and carbon on a sapphire-supported Pd nanoparticle (NP)
model catalyst under reaction conditions (500 K, 1 bar) by high-energy
grazing incidence X-ray diffraction. In pure H2 at 300 K, the Pd NPs
show a continuous transition from the 𝛼-PdH to 𝛽-PdH phase with
increasing H2 partial pressures, while the miscibility gap is narrowed
in comparison to bulk Pd. With increasing temperature, the hydrogen
uptake decreases and at 500 K, no hydride phase is formed. Surface
carbon, formed by decomposition of the LOHC at 500 K, diffuses into
the NP bulk. Our studies show that this formation of bulk carbon is
efficiently suppressed in the presence of H2. This highlights the impor-
tance of controlling the partial pressure of H2 during dehydrogenation
of LOHCs over Pd-based catalysts in real hydrogen release units.

O 82.4 Thu 15:45 H5

Spectroscopic Insights to Liquid Rh-Ga Alloys for Effective
Propane Dehydrogenation — ∙Haiko Wittkämper, Narayanan
Raman, Mathias Grabau, Sven Maisel, Nicola Taccardi, Jonas
Debuschewitz, Tanja Bauer, Mingjian Wu, Marco Haumann,
Andreas Görling, Erdmann Spiecker, Jörg Libuda, Peter
Wasserscheid, Hans-Peter Steinrück, and Christian Papp —
Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU)
We present a study of Rhodium as active metal for selective alkane de-
hydrogenation. It becomes a very active, selective and stable propane
dehydrogenation catalyst when incorporated in a matrix of liquid gal-
lium on oxidic support particles. The remarkable properties of this
catalyst are attested to the atomic dispersion of the active transition
metal in liquid gallium nano-droplets, which is indicated by tempera-
ture dependent HRTEM. The observed temperature-dependence of the
selectivity of the catalyst is due to the dissolution/precipitation of Rh-
rich intermetallic phases, leading to the Rh enrichment/depletion of
the liquid Ga phase as is demonstrated by temperature dependent XPS
studies of Rh-Ga alloy model systems. Based on ab initio molecular
dynamics simulations and density functional calculations of a possible
reaction site a mechanism for the system is proposed that goes in line
with what we previously proposed for similar supported catalytically
active liquid metal solutions such as Pt-Ga and Pd-Ga.

O 82.5 Thu 16:00 H5
Supported catalytically active liquid metal solutions:
Preparation and characterization of Pd-Ga and Pt-Ga
model systems on modified HOPG — ∙Miroslav Kettner1,
Sven Maisel2, Corinna Stumm1, Matthias Schwarz1, Chris-
tian Schuschke1, Andreas Görling2, and Jörg Libuda1 —
1Physikalische Chemie II, FAU Erlangen-Nürnberg, Egerlandstr. 3,
D-91058 Erlangen, Germany — 2Lehrstuhl für Theoretische Chemie,
FAU Erlangen-Nürnberg, Egerlandstr. 3, D-91058 Erlangen, Germany
Single atom catalysts merge attractive properties of homogeneous and
heterogeneous catalysts, such as atomically defined active sites, high
selectivity, and high metal utilization. Recently, the concept of sup-
ported catalytically active liquid metal solutions (SCALMS) proved ef-
fective in creating such isolated active sites by diluting an active metal
in a low melting point metallic matrix. To explore the properties of
such systems under surface science conditions, we have prepared model
systems for Pd-Ga and Pt-Ga SCALMS by physical vapor deposition
of Pd/Pt and Ga in ultrahigh vacuum onto highly oriented pyrolytic
graphite (HOPG) pre-modified by Ar+ bombardment. We investigated
the growth behavior, the morphology, the surface chemistry, and the
stability of Pd-Ga and Pt-Ga alloys on HOPG by combining AFM and
IRAS experiments with DFT calculations. The results prove the single
atom character of the active sites in Ga-rich alloys. Thus, the Ga-rich
nanoalloy systems prepared on modified HOPG present a well-suited
model to study the adsorption and reaction on SCALMS by surface
science methods.

O 82.6 Thu 16:15 H5
Atomic oxidation of supported CoTPP films — ∙Jakob Hauns,
Artur Böttcher, and Manfred M. Kappes — Institute of Physical
Chemistry, Karlsruhe Institute of Technology (KIT), Fritz-Haber-Weg
2, 76131 Karlsruhe, Germany
Thin Co-Tetraphenylporphyrin films, CoTPP, were grown on HOPG
under UHV conditions by applying the low-energy cluster beam de-
position technique (LECBD, [1]). The oxidation has been performed
by exposing the films kept at room temperature to a beam of nearly-
thermal oxygen atoms at a constant flux. UPS based analysis of the
valence band revealed a gradual quenching of the HOMO state (E𝐵 ∼
1.8 eV). The oxygen conditioned evolution of all relevant CoTPP core
states supported by DFT calculations of the most stable oxides enables
to follow the oxidation pathways. The sublimation of the oxidized
CoTPP films has been studied by monitoring the mass spectra of the
volatile species during heating the sample (MSTDS, [1]). The emission
of oxidized multilayers proceeds within a broad temperature interval
(450-850K). It is dominated by a series of CoTPP-O𝑛 oxides (0≤n≤5)
which implies that an intact CoTPP is capable to adopt up to five
oxygen atoms. In contrast, the sublimation of a CoTPP monolayer
deposited on preoxidized HOPG gives rise to a completely different
product spectrum indicating that the substrate uniquely participates
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in the reaction.
[1] J. Weippert, et al. J. Phys. Chem. C

DOI:10.1021/acs.jpcc.8b01655

O 82.7 Thu 16:30 H5
Defect dependent adsorption of tungsten oxide clusters on
rutile TiO2 surfaces for model (photo-)catalysis — ∙Lars
Mohrhusen, Maximilian Grebien, and Katharina Al-Shamery
— Carl von Ossietzky University of Oldenburg, Institute of Chemistry,
Oldenburg, Germany
Rutile TiO2 is one of the most intensively studied materials for hetero-
geneous thermal and photoinduced catalysis. In earlier publications,
the importance of bulk and surface defects for the chemical reactivity
of small molecules such as oxygen,[1] methanol[2] or benzaldehyde[3]
has been demonstrated. In temperature programmed reaction spec-
troscopy (TPRS) and infrared reflection-absorption spectroscopy (IR-
RAS), different reaction pathways such as the reductive coupling, de-
oxygenation to hydrocarbons and partial oxidation were significantly
dependent on the defect density as well as the presence of different
oxygen species.

The deposition of (oxidic) cocatalysts[4,5] is a common approach to
address the (photo-)catalytic performance. However, a detailed un-
derstanding is often missing. Here, we present systematic studies on
rutile TiO2 (110) under well-defined ultra-high vacuum conditions il-
lustrating the deposition of tungsten oxide clusters to control the defect
density dependent adsorption and reactivity of small molecules.

[1] E. Lira et al., J. Am. Chem. Soc. 2011, 133, 6529. [2] M. Osmić
et al., J. Phys. Chem. C 2018, DOI: 10.1021/acs.jpcc.8b02953 [3] P.
Clawin et al., Chem. Eur. J 2014, 25, 7665. [4] C. Pang et al., Chem.
Rev. 2013, 113, 3887 [5] J. Kim et al., Catal. Today 2007, 120, 186.

O 82.8 Thu 16:45 H5
Adsorption and Interfacial Reactions of 2H-Tetraphenylporphyrin
on Cobalt Oxide Thin Films — ∙Daniel Wechsler1, Cyn-
thia Fernández2, Quratulain Tariq1, Nataliya Tsud3, Kevin
Prince3,4, Federico Williams2, Hans-Peter Steinrück1, and
Ole Lytken1 — 1Chair of Physical Chemistry II, University
Erlangen-Nürnberg, 91058 Erlangen, Egerlandstraße 3, Germany
— 2Department of Inorganic, Analytical and Physical Chemistry,
University of Buenos Aires, Buenos Aires C1428EHA, Argentina —
3Elettra-Sincrotrone Trieste S.C.p.A., Strada Statale 14, km 163.5,
34149 Basovizza-Trieste, Italy — 4IOM, Strada Statale 14, km 163.5,
34149 Basovizza-Trieste, Italy
Understanding the interactions between organic molecules and metal-
oxide surfaces plays an important role in many nanotechnology devices.

We have studied the adsorption and interfacial reactions of 2H-
tetraphenylporphyrin (2HTPP) with synchrotron-radiation X-ray pho-
toelectron spectroscopy on cobalt- and oxygen-terminated Co3O4 and
CoO cobalt-oxide thin films. Already at 175 K, we find evidence for the
formation of a metalated species, most likely CoTPP, on both surfaces.
The degree of metalation increases with temperature on both surfaces
until 575 K, at which point desorption is observed from the reducible
cobalt-terminated Co3O4 oxide, while decomposition is observed on
the non-reducible oxygen-terminated CoO oxide.

The project is supported by the DFG trough FOR 1878 (funCOS).

O 82.9 Thu 17:00 H5
Artificial Leaf, catalysis of oxygen evolution with the dop-
ing of hematite — ∙Huu Chuong Nguyën1, Felipe Andrés

Garcés-Pineda1, Mabel de Fez Febré1, José Ramón Galán-
Mascarós1,2, and Núria López1 — 1Institute of Chemical Research
of Catalonia (ICIQ), Av. Països Catalans 16, 43007 Tarragona (Spain)
— 2Catalan Institution for Research and Advanced Studies (ICREA),
Passeig Lluis Companys, 23 , Barcelona 08010,Spain
A-LEAF is a project of the European Commission for developing an
efficient and economically viable photoelectrocatalytic cell (PEC). The
goal is to recycle CO2 to fuel like an artificial leaf. The two most im-
portant reactions in a PEC are CO2 reduction and oxygen evolution
reaction (OER). These processes are energetically costly and but can
be improved with catalysis. There are several possible strategies for
optimisations. One of them is by doping a material to reduce the en-
ergy barrier and improve the kinetics. In this talk, we will present
the general framework of A-LEAF, the basic concepts and theory of
catalysis, Density Functional Theory, CO2 reduction and oxygen evo-
lution with a practical example; the doping of hematite as a model
catalyst for the OER. Hematite (𝛼−Fe2O3) is a non-toxic, cheap and
abundant material. Doped with redox or non-redox active species, it
presents very different performances and catalytic pathways. Using
both experimental and theoretical techniques, we will show how dop-
ing with non-redox and redox dopants differs, how Proton-Coupled-
Electron-Transfer is involved and how this affects the global catalytic
performance.

O 82.10 Thu 17:15 H5
Near-Surface Doping of Rutile RuO2 for Optimizing the Oxy-
gen Evolution Reaction — ∙Manuel J. Kolb1,2 and Frank
Abild-Pedersen1,2 — 1SLAC National Laboratory, Stanford, USA
— 2Stanford University, Stanford, USA
The electrochemical oxygen evolution reaction plays a fundamen-
tal role in the current limitations to the efficiency and viability of
hydrogen-oxygen-based fuel cells. Recent experimental and theoret-
ical work [1,2] on the pre-oxygen-evolution region of the RuO2(110)
voltammogram found evidence for the existence of stable dioxygen
species, in contrast to earlier theoretical calculations [3]. Based on this
new information we investigated the possibilities of doping RuO2(110)
with a variety of metal dopant atoms and their influence on the ad-
sorption energies of these oxygen-related species.

[1] R. Rao et al, Energy & Environmental Science, 2017, 10, 2626-
2637 [2] K. Stoerzinger et al, ACS Energy Lett., 2017, 2(4), 879-881
[3] I. Man et al, ChemCatChem, 2011, 3, 1159-1165

O 82.11 Thu 17:30 H5
Electrical and Protonic Conductivity of Surface Modifi-
cated Porous Yttria-Stabilized Zirconia (YSZ) Thin Films —
∙Erdogan Celik and Matthias T. Elm — Center for Materials Re-
search, Justus-Liebig-University Gießen, Germany, Heinrich-Buff-Ring
16, 35392 Gießen
Porous yttria-stabilized zirconia (YSZ) thin films were prepared using
pulsed laser deposition in order to investigate the influence of the high
surface area on the electrical transport properties. Electrochemical
impedance spectroscopy was carried out as a function of temperature,
oxygen activity and humidity of the surrounding atmosphere. At high
humidity protons on the surface of the porous YSZ thin films lead to
an increased conductivity, especially at low temperatures. By coating
the porous YSZ films with a titania (TiO2) film of only a few nanome-
ters, the protonic contribution to the conductivity at low temperatures
is completely suppressed revealing the large influence of the surface on
the transport properties of porous materials.
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