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O 52.1 Wed 18:00 P4
Investigation of the influence of the spin in adsorption struc-
tures of oxygen on a cerium chloride catalyst surface in the
Deacon process using computational methods — ∙Kathrin
Nieswiec and Franziska Hess — Technische Universität Berlin, In-
stitut für Chemie, Straße des 17. Juni 124, 10623 Berlin, Germany
CeO2-based catalysts in the HCl oxidation undergo reversible deacti-
vation by forming CeCl3. This works examines the interaction of the
CeCl3-(110)-surface with O2 during the reoxidation of CeCl3. CeCl3
is an insulator, where Ce is 9-fold coordinated that exposes differ-
ent adsorption sites at the surface. Different adsorption structures of
atomic and molecular oxygen on the CeCl3-(110)-surface are exam-
ined in terms of energy, electronic state and magnetization. Cerium-
based catalyst systems are investigated by DFT calculations in the
PAW approach with the PBE functional including Hubbard-U correc-
tion. Ab-initio thermodynamics are employed to analyze temperature
and pressure-dependency of oxygen adsorption on the surface. Upon
adsorption of oxygen on the surface, Ce3+ can be locally oxidized to
Ce4+, resulting in different spin and charge density distributions. Con-
sequently, the adsorption energies of oxygen can variate by over 1 eV,
depending on the initial spin state. The ab-initio thermodynamics
analysis based on the obtained oxygen adsorption energies suggests
that the CeCl3 surface is expected to be covered by oxygen due to the
strong Ce-O bond. These results suggest that spin must be explic-
itly included when examining adsorption on CeCl3 surfaces in order to
obtain correct adsorption energies for catalysis applications.

O 52.2 Wed 18:00 P4
Influence of the Substrate Orientation Dependent Reactiv-
ity on the On-surface Ullmann Coupling Reaction of 2,2-
Dibromobiphenyl Studied by XPS — ∙Paul Schweer and
Karina Morgenstern — Chair of Physical Chemistry I, Ruhr-
University of Bochum, Germany
The Ullmann coupling reaction is considered the leading approach for
accessing low dimensional covalent organic structures in the context
of on-surface synthesis. Despite extensive studies on the influence
of the halogen substitution pattern of the halogen-aryl precursor on
the reaction mechanism and product formation, the impact of ortho-
substitution is barely investigated. Hence, this work aims to reveal the
temperature-induced reaction steps for 2,2-dibromobiphenyl on low-
index Cu surfaces. For this purpose, the precursor is deposited in
ultra-high vacuum at 86 K and stepwise annealed to 600 K. By us-
ing X-ray photoelectron spectroscopy, chemical changes of the organic
species and the bromine atoms are identified and assigned to the typ-
ical Ullmann reaction steps: dissociation of the halogen-carbon bond,
surface bonding, and C-C coupling. Here, we further discuss differ-
ent precursor reactivities on Cu(111) and Cu(110) and an additional
binding energy shift on Cu(110), indicating a structural change of the
surface bound biphenyl before C-C coupling at a higher temperature.

O 52.3 Wed 18:00 P4
Surface Chemistry of the MOST Energy Storage Sys-
tem 2-Carbethoxy-3-Phenyl-Norbornadiene/Quadricyclane
— ∙Felix Hemauer, Cornelius Weiß, Johann Steinhauer,
Valentin Schwaab, Hans-Peter Steinrück, and Christian Papp
— Friedrich-Alexander-Universität, Erlangen, Germany
The intermittent character of renewable energy sources gives the ne-
cessity for novel energy storage technologies. So-called molecular solar
thermal (MOST) energy systems directly combine the light-harvesting
process with storing the gained energy as molecular strain. In a photo-
conversion reaction, the energy-lean norbornadiene (NBD) is converted
to its energy-rich valence isomer quadricyclane (QC). By derivatiza-
tion of the molecular framework, the light-harvesting properties of the
molecules are optimized.

The pair 2-carbethoxy-3-phenyl-NBD/QC was investigated as model
system for heterogeneously catalyzed energy release. X-ray photoelec-
tron spectroscopy was employed to study the adsorption and thermal
evolution on a Ni(111) and Pt(111) surface, respectively. An unam-
biguous identification of the QC and NBD derivatives at low tempera-
ture was possible on both surfaces. In case of nickel, no cycloreversion
of the QC derivative to NBD was found, but individual decomposition
routes setting in at about 170 K. For platinum, the back conversion

under energy release was found to start at 150 K and being completed
at 230 K. Above 300 K, a fragmentation into carbonaceous species oc-
curred. The work was supported by the DFG (Project No. 392607742)
and the HZB for allocation of synchrotron radiation beamtime.

O 52.4 Wed 18:00 P4
Temperature-induced surface reactions of 1-cyclohexylethanol
and acetophenone on Pt(111) — ∙Valentin Schwaab, Felix
Hemauer, Eva Marie Freiberger, Natalie Waleska, Hans-
Peter Steinrück, and Christian Papp — Friedrich-Alexander-
Universität, Erlangen, Germany
1-Cyclohexylethanol (1-CHE) is an interesting candidate when it
comes to molecular energy storage systems. Such secondary alcohols
can function as electrofuel, whereby their oxidation over a platinum
electrode yields the respective ketone together with two electrons and
two protons. Additionally, 1-CHE and acetophenone (APH) repre-
sent an attractive liquid organic hydrogen carrier (LOHC) pair, as the
complete dehydrogenation of the former leads to the release of four
equivalents of H2.

To gain fundamental insights into the surface reaction of both
molecules, high-resolution temperature-programmed X-ray photoelec-
tron spectroscopy experiments (HR-TPXPS) were carried out on a
Pt(111) model catalyst. Based on the obtained C 1s and O 1s data,
the dehydrogenation reaction of the alcohol and the formation of po-
tential catalyst poisoning decomposition products are discussed.

We acknowledge financial support by the Bavarian Ministry of Eco-
nomic Affairs, Regional Development and Energy, and by the DFG
(Project No. 419654270). We thank HZB for the allocation of syn-
chrotron radiation beamtime.

O 52.5 Wed 18:00 P4
Force-induced single-molecular switch of graphene-
nanoribbon-fused helicene by atomic force microscopy —
∙Akitoshi Shiotari1,2, Ayumu Ishii1, and Yoshiaki Sugimoto1 —
1The University of Tokyo, Kashiwa, Japan — 2Fritz-Haber Institute
of the Max-Planck Society, Berlin, Germany
On-surface synthesis is an effective bottom-up method to fabricate
nanocarbon materials, such as graphene nanoribbons (GNRs), in an
atomically precise manner. In this study, using the on-surface method
with multiple precursors, we successfully synthesized new helicene-
derivative molecule fused by seven-atom-wide armchair GNRs on an
Au(111) surface. Atomic resolution imaging with non-contact atomic
force microscopy (AFM) identified the molecular structure and the he-
licity (i.e., chirality of the twisted terminal of the GNR). Although the
helicities of individual GNRs on the surface remained stable during ob-
servation, the approach of the AFM tip to the helicene-type terminal
caused repulsive interactions, leading to the inversion of the twisted
structure in a selective and reversible manner. This finding would con-
tribute to the advanced design of switchable molecules and control of
chiral-molecule-based devices and machines.

O 52.6 Wed 18:00 P4
On-Surface Synthesis of Kekulene and Isokekulene — ∙Tim
Naumann, Qitang Fan, Lukas Heuplick, Lukas Ruppenthal,
Simon Werner, Tobias Vollgraff, Jörg Sundermeier, and J.
Michael Gottfried — Fachbereich Chemie, Philipps-Universität
Marburg, Marburg (Germany)
The concept of aromaticity explains the exceptional stability of mono-
cyclic, planar, conjugated molecules. When extending this concept
on cycloarenes, however, the question arises whether the 𝜋-electron
system is best described by the Clar model or rather by annu-
lenoid aromaticity, i.e. delocalization in the inner and outer annu-
lene ring. This question has been discussed especially in the con-
text of kekulene, an alternant benzenoid cycloarene. On-Surface
techniques offer the possibility to synthesize kekulene and to inves-
tivate its resonance stabilisation. To create complete monolayers of
kekulene for further spectroscopic studies, we developed a high-yield
on-surface synthesis of kekulene on Cu(111) from vapor-deposited
1,4,7(2,7)-triphenanthrenacyclononaphane-2,5,8-triene, which under-
goes cyclodehydrogenation upon annealing, resulting in extended (up
to 100 nm) well-ordered domains of kekulene. While the reaction is
highly selective towards kekulene on Cu(111), reaction on Cu(110)
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leads to an isomer of kekulene with a lower symmetry, named isokeku-
lene. The precursor and the products were analyzed with scanning
tunneling microscopy (STM), X-ray photoelectron spectroscopy (XPS)
and other methods. Further annealing leads to peripheral C-H bond
activation and linking towards chains and islands.

O 52.7 Wed 18:00 P4
2D arrays of reaction centers for CO oxidation over
Pt/SiO2/Si interface — ∙Artur Böttcher1, David Rettinger1,
Jakob Hauns1, Manfred Kappes1, Daniela Exner2, Rahul
Parmer3, Matteo Amati3, and Luca Gregoratti3 — 1Institute
of Physical Chemistry, KIT, 76131 Karlsruhe, Germany — 2Institute
for Applied Materials, KIT, 76344 Karlsruhe, Germany — 3Elettra -
Sincrotrone Trieste ScPA, Area Science Park, 34149 Basovizza-Trieste,
Italy
We created arrays of tailored reaction centers on the SiO2/Si-
wafer by annealing thin Pt layers deposited on He+-beam patterned
Graphene/SiO2/Si substrates.[1] The resulting spots have been identi-
fied as amorphous areas consisting of silicon carbides and silicon oxy-
carbides. These defected surface regions are expected to act as pinning
sites for migrating Pt atoms. By thermally activating the surface dif-
fusion of Pt adatoms (1h, 600∘C, UHV), the migrating atoms become
immobilized thus forming chemical bonds with compounds created in
the defected surface regions, resulting in 2D arrays of tailored Pt-based
islands. The chemical state of individual islands has been studied by
monitoring core level states (ESCA microscopy). The islands consist
of Pt, PtSix and PtOx compounds and appear to be chemically re-
sistant under exposure to molecular oxygen and carbon monoxide at
T=550∘C, p= 0.4 mbar, 0.5 h. The CO2-light-off curves enable to
estimate the contribution of the artificial reaction centers to the total
CO->CO2 conversion yield.

[1] A. Böttcher et al. 2020 Nanotechnology 31 505302

O 52.8 Wed 18:00 P4
CO→CO2 conversion over Pt/SiO2/Si model catalyst —
∙Artur Böttcher1, Pascal Weisenburger1, David Rettinger1,
Jakob Hauns1, Rahul Parmer2, Matteo Amati2, Luca
Gregoratti2, and Manfred Kappes1 — 1Institute of Physical
Chemistry, KIT, 76131 Karlsruhe, Germany — 2Elettra - Sincrotrone
Trieste ScPA, Area Science Park, 34149 Basovizza-Trieste, Italy
We studied the thermal stability of the Pt/SiO2/Si interface as the
model catalyst for CO oxidation reaction. The 2D catalysts were pre-
pared under UHV conditions by growing very thin Pt films on the
SiO2/Si wafer and subsequently performing a long-term annealing of
the interface at elevated temperatures, T*(700-900K). Such a treat-
ment results in the formation of the submicron-sized islands. The
size/shape distribution of the islands scales primarily with the thick-
ness of the Pt film. The chemical state of the islands as probed by
ESCA microscopy (Elettra) evidences the formation of PtSinOm al-
loys as the dominating component of the islands. The CO2 light-off
curves taken for Pt/SiO2/Si interfaces fabricated at room temperature
reveal the highest CO/CO2 conversion yield, Y, and the lowest activa-
tion temperature, T𝐴 ∼400 K. Increasing alloying degree considerably
quenches the conversion yield and shifts up the CO/CO2 conversion
onset.

O 52.9 Wed 18:00 P4
Adsorption and photocatalytic inactivation of Corona-virus
like particles by anatase TiO2(101) — ∙Mona Kohantorabi,
Michael Wagstaffe, Heshmat Noei, and Andreas Stierle —
Centre for X-ray and Nano Science (CXNS), Deutsches Elektronen-
Synchrotron (DESY), 22607 Hamburg, Germany
The adsorption of corona-virus like particles (VLPs), on the surface of
the model catalyst TiO2(101) was investigated using different spectro-
scopic and microscopic techniques.

Two different methods were employed to inactivate the virus after it
was loaded on the surface of TiO2: 1) UV light and 2) thermal treat-
ment. The adsorbed virus morphology and virus particle arrangement
on the surface of TiO2 were investigated using grazing-incidence small-
angle scattering. Microscopic studies demonstrate that the denatured
spike proteins and other virus proteins dissociate from VLPs and ad-
sorb on the surface of TiO2.

Clarification of the interaction of the virus with the surface of semi-
conductor oxides will aid in obtaining a deeper understanding of the
chemical processes involved in photo-inactivation of microorganisms
which is important for the design of effective photocatalysts for air
purification and self-cleaning materials.

O 52.10 Wed 18:00 P4
Calculation of XPS Core-Level Fingerprints of Intermediates
in Methanol Synthesis on Cu Surfaces — ∙Mattis Gossler,
Azad Kirsan, and Bernd Meyer — Interdisciplinary Center for
Molecular Materials and Computer Chemistry Center, FAU Erlangen-
Nürnberg, Germany
Cu/ZnO/Al2O3 is used as a highly efficient catalyst in industry for
the synthesis of methanol from syn gas, i.e. H2, CO and CO2. Despite
intensive research efforts over the past decades, the precise reaction
pathway and the relevant intermediates in the synthesis process are
still under debate. New insights can be provided by recently per-
formed ambient pressure x-ray photoelectron spectroscopy (AP-XPS)
measurements on ZnO-supported Cu clusters with well-defined crystal
terminations [1]. In order to assist the interpretation of the measured
AP-XP spectra, we determined the C-1s and O-1s core level shifts for
a series of intermediates in the methanol synthesis process on a va-
riety of Cu surfaces using DFT calculations. First, a careful search
for the most stable structure of all intermediates on each surface was
performed. Core-level shifts were then calculated by an ΔSCF ap-
proach after removing a core electron. This fingerprint data allows
us to identify the most relevant intermediates present in the AP-XPS
experiments and to assess the importance of different Cu surfaces for
the overall reactivity.

[1] R. Gleissner, H. Noei, S. Chung, G.D.L. Semione, E.E. Beck,
A.-C. Dippel, O. Gutowski, G. Gizer, V. Vonk, A. Stierle, J. Phys.
Chem. C 125 (2021) 23561–23569

O 52.11 Wed 18:00 P4
The relation between structure sensitivity and doping of ce-
ria(111) vs. ceria(100) — Emilia Pozarowska1, Linus Pleines2,
Mauricio J. Prieto3, Liviu C. Tănase3, Lucas de Souza
Caldas3, Aarti Tiwari3, Thomas Schmidt3, Jens Falta2, Carlos
Morales1, and ∙Jan Ingo Flege1 — 1Applied Physics and Semicon-
ductor Spectroscopy, BTU Cottbus-Senftenberg, Cottbus, Germany
— 2Institute of Solid State Physics, University of Bremen, Bremen,
Germany — 3Department of Interface Science, Fritz-Haber Institute,
Berlin, Germany
CeO𝑥-Cu inverse catalysts have been shown to convert CO2 into valu-
able chemicals through catalytic hydrogenation. The catalytic activity
may further be enhanced by alloying ceria with trivalent, catalytically
active metals, such as Sm, promoting the formation of Ce3+ active
sites. In this work, the structural and chemical properties of (111)-
and (100)- oriented CeO𝑥 islands alloyed with samarium were explored
by low-energy electron microscopy and X-ray photoemission electron
microscopy. After Sm deposition on the as-grown CeO𝑥 islands, the
near-surface region of (100)-oriented CeO𝑥 is reduced after exposure
to H2 at 470 ∘C, whereas the deeper layers as well as the whole (111)-
oriented islands retain the Ce4+ state. Subsequent reoxidation with
O2 leads to the complete Ce4+ state recovery, suggesting the healing of
oxygen vacancies. Additional annealing at 470 ∘C induces samarium
diffusion into the ceria matrix. Yet, subsequent exposure to H2 reduces
neither the (111)- nor the (100)-oriented CeSmO𝑥 islands, suggesting
a quite unexpected stability of this system.

O 52.12 Wed 18:00 P4
Operando studies of CuZn catalysts for methanol synthesis —
∙David Kordus1,2, Nuria Jimenez Divins2, Janis Timoshenko1,
and Beatriz Roldan Cuenya1 — 1Departement of Interface Science,
Fritz Haber Institute of the Max Planck Society — 2Departement of
Physics, Ruhr University Bochum
Methanol is an essential feedstock for the chemical industry and may be
a key component when switching to renewable resources. Industrially
methanol production uses a ternary Cu/ZnO/Al2O3 catalyst. Espe-
cially the interaction between Cu and ZnO is critical for a high activity
of the catalyst. Multiple model catalysts were synthesized to target
different aspects of this system, but particularly the Cu-ZnO inter-
actions. In-situ and operando spectroscopy methods (XAS, XPS, Ra-
man) together with microscopy and measurements of the catalytic per-
formance allow us to follow the chemical and structural changes of the
catalysts under reaction conditions. We investigated size-selected Cu
and CuZn nanoparticles on multiple support materials (SiO2, Al2O3

and ZnO/Al2O3) to obtain a better insight into particle-support in-
teractions. These studies show that the formation of metallic Zn for
CuZn particles on SiO2 is detrimental for the catalysts activity, as it
coincides with a deactivation. On Al2O3 in contrast, ZnO is incorpo-
rated into the support and forms a spinel structure similar to ZnAl2O4.
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In another catalyst shaped Cu particles are used to create preferential
facets on the surface of our catalysts. These unalike surface structures

will then lead to different catalytic behavior. Here, a higher activity
was observed for cubic particles.

3


