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Topical Talk O 10.1 Mon 15:00 H4
Atomically-precise design of low-nuclearity catalysts —
∙Sharon Mitchell and Javier Pérez-Ramírez — ETH Zurich,
Zurich, Switzerland
Nanostructured catalysts incorporating supported metal atoms or
small clusters of defined size and chemical composition attract con-
siderable attention because of their potential to maximize resource
efficiency. When optimally assembled, all the metal nuclei can par-
ticipate in the catalytic cycle with properties tailored to deliver high
specific activity and stable performance. Over the past decade, the
number and diversity of reported systems have exploded as researchers
attempted to control the nanostructure with increasing atomic preci-
sion. Nonetheless, spatially resolving the architecture and properties
of supported low-nuclearity catalysts using existing analytical meth-
ods remains challenging. This talk will discuss approaches to prepare
and characterize catalytic materials integrating low-nuclearity metal
species. Topical case studies will introduce recent achievements and
challenges, including the synthesis of single-atom catalyst libraries with
controlled density, the precision synthesis of low-nuclearity species,
tools for metal speciation analysis in electron-beam-sensitive materi-
als, and an automated image analysis approach for atom detection and
classification.

O 10.2 Mon 15:30 H4
Synthesis of single-atom model catalysts via atomic layer de-
position for CO oxidation — ∙Chunlei Wang1, Hélois Tissot1,
Joakim Halldin Stenlid2, Markus Soldemo1, Sarp Kaya3, and
Jonas Weissenrieder1 — 1Materials and Nano Physics, KTH Royal
Institute of Technology, SE-100 44 Stockholm, Sweden — 2Department
of Physics, Stockholm University, SE-106 91 Stockholm, Sweden —
3Department of Chemistry, Koc University, 34450 Istanbul, Turkey
Single-atom model catalysts, with individual metal atoms anchored on
well-defined single crystals under ultra-high vacuum conditions, can
provide an atomic-scale insight into active sites and reaction mech-
anisms for applied catalysis, thus promoting the design of better in-
dustrial catalysts. The metal growth of model catalyst is usually syn-
thesized by physical vapor deposition method. Here, we applied a
novel atomic layer deposition strategy to model systems for the syn-
thesis of single-atom Fe1Ox catalysts on Cu2O(100) and Pt(111). The
coordination configuration was determined through a combination of
scanning tunneling microscopy, synchrotron radiation X-ray photoelec-
tron spectroscopy (XPS), and density functional theory calculations.
The redox properties of single atoms were investigated using ambient-
pressure XPS under mbar level of reactant gas.

O 10.3 Mon 15:45 H4
A Customized IRAS System for Investigations of Adsorbates
on Metal-Oxide Single Crystals — ∙David Rath, Jiri Pavelec,
Ulrike Diebold, Michael Schmid, and Gareth S. Parkinson —
Institute of Applied Physics, TU Wien, Austria
The IRAS system GRISU (GRazing incident Infrared absorption
Spectroscopy Unit) was developed to investigate adsorbates on metal
oxide single crystals in the research field of single-atom catalysis [1]. It
combines the commercially available FTIR spectrometer Bruker Ver-
tex 80v with an UHV chamber [2]. The compact design requires only
one CF150 port for the main optical components, features five mirrors
for beam guidance placed in HV and UHV environment and optimises
the system’s performance, flexibility, and usability. The result is a
small controllable focal-spot diameter (max. 3 mm) on the sample,
motorised optical components, and an aperture limiting the incidence
angle range (variable, 49∘ to 85∘) on the sample. The simulated system
(done with a ray-tracing program and a simplified spectrometer model)
shows an efficiency of 13 %, i.e., 13 % of the radiation passing through
the first aperture (Ø 6 mm) after the IR source in the FTIR spectrom-
eter reaches the detector after being reflected from the molecular beam
spot (Ø 3.5 mm) on the sample. Compared to a commercially available
system with two parabolic mirrors with a focal length of 250 mm, the
efficiency is about 20× higher. First measurements demonstrate the
performance of the system.

[1] G. S. Parkinson, Catal. Lett. 149, 1137 (2019)
[2] J. Pavelec, et al., J. Chem. Phys. 146, 014701 (2017).

Topical Talk O 10.4 Mon 16:00 H4
Design of Model Single-Atom Catalysts: Metal Adatoms,
Monomeric Oxide Units, and Mixed Surface Layers on Oxide
Surfaces — ∙Zdenek Dohnalek — Physical and Computational Sci-
ences Directorate and Institute for Interfacial Catalysis, Pacific North-
west National Laboratory, Richland, WA 99354, USA
Single-atom catalysts have attracted significant attention due to their
ultimate metal efficiency and the promise of novel properties. The
sublimation of oxides and metals is employed to design monodispersed
model systems with supported metal adatoms, monomeric oxide units,
and ordered mixed oxide surfaces. Scanning tunneling microscopy,
ensemble-averaged electron spectroscopies, and density functional the-
ory are employed to achieve an atomic-level understanding. Specif-
ically, the deposition of (MgO)1 monomers and (MoO3)n oligomers
is studied on anatase TiO2(101) via direct evaporation of MgO and
MoO3 powders. While gas phase (MgO)1 is readily immobilized
at room temperature, (MoO3)n transiently diffuse, agglomerate, and
spontaneously decompose into the (MoO3)1 monomers. The transient
mobility of the oligomers is the key to the self-assembly of the ordered
overlayers of (MoO3)1. Metal adatoms and mixed oxide surfaces are
synthesized by the sublimation of Rh onto Fe3O4(001). Higher sub-
strate temperatures facilitate Rh incorporation into the surface, lead-
ing to ordered mixed Rh-Fe3O4(001). Cryogenic deposition tempera-
tures stabilize Rh on the surface and allow for the preparation of the
pure Rh adatom phase. The effect of temperature and adsorbates on
the stability of such model catalysts is explored.

O 10.5 Mon 16:30 H4
Rh and Ir single atoms on Fe3O4(001): local structure af-
fecting catalytic properties — ∙Matthias Meier1,2, Zdenek
Jakub1, Jiri Pavelec1, Michael Schmid1, Ulrike Diebold1, Ce-
sare Franchini2,3, and Gareth S. Parkinson1 — 1Institute of
Applied Physics, Technische Universität Wien, Vienna, Austria —
2Faculty of Physics and Center for Computational Materials Science,
University of Vienna, Vienna, Austria — 3Department of Physics and
Astronomy, Alma Mater Studiorum, Università di Bologna, Bologna,
Italy
Single-atom catalysts are often supported by cheap oxides, such as
iron oxides. As a model system [1], magnetite (Fe3O4), specifically its
(001) facet has been used because it offers stable sites for single-atom
adsorption up to high temperatures. Here, I will demonstrate how im-
portant the support is for the stability of single-atoms, as well as their
catalytic properties. Rh and Ir [2] single atoms utilize Fe vacancies in
the subsurface of the reconstructed Fe3O4(001) unit cell to incorpo-
rate into the surface layer. Changing the positions of Fe atoms in the
support as part of the incorporation process enables the single atoms
to be accommodated in a more favorable configuration than if they
were adsorbing on top of the surface. Their catalytic properties are
drastically affected by changes in the atomic environment. Incorpora-
tion temperatures vary depending on both coverage and the presence
or absence of adsorbates, such as CO.

[1] R. Bliem et al., Science 346, 1215 (2014). [2] Z. Jakub et al.,
Angew. Chemie Int. Ed. 58, 13961 (2019).

O 10.6 Mon 16:45 H4
Atomic-Level Studies of C2H4 on Clean and Rh1 Single-
Atom Decorated Fe3O4(001) — ∙Panukorn Sombut1, Lena
Puntscher1, Chunlei Wang1, Manuel Ulreich1, Jiri Pavelec1,
Ali Rafsanjani-Abassi1, Matthias Meier2, Ulrike Diebold1,
Cesare Franchini2,3, Michael Schmid1, and Gareth S.
Parkinson1 — 1Institute of Applied Physics, TU Wien, Austria —
2Faculty of Physics, Center for Computational Materials Science, Uni-
versity of Vienna, Austria — 3Alma Mater Studiorum, Università di
Bologna, Bologna, Italy
The local binding environment of metal-oxide supported single-atom
catalysts (SACs) determines how reactants adsorb and therefore plays
a decisive role in catalysis. Here, we study how Fe3O4(001)-supported
Rh1 adatoms interact with ethylene (C2H4) using DFT, combined with
experimental surface science techniques (TPD, XPS, and STM). We
show that C2H4 physisorbs on the clean Fe3O4(001). We also iden-
tify and model different molecule orderings at different coverages that
agree nicely with STM images and TPD data. Then, we study C2H4
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adsorption at 2- and 5-fold coordinated Rh sites at the Fe3O4(001)
surface, and show that the local environment has a strong effect on
the adsorption properties: 2-fold Rh can adsorb two C2H4 molecules,
while 5-fold Rh can only host a single C2H4 molecule. Finally, we in-
vestigate coadsorption of C2H4 with CO, a vital step towards enabling
the hydroformylation reaction, and show that this is feasible only at
2-fold coordinated Rh sites.

Topical Talk O 10.7 Mon 17:00 H4
Model catalysis of single atoms on ultrathin solid films —
∙Kai Wu — College of Chemistry and Molecular Engineering, Peking
University, Beijing 100871, China
Metal atoms at surfaces play a key role in catalysis and related dis-
ciplines. A new strategy is introduced to prepare ultrathin films like
oxides on surfaces which are further utilized to prepare stablized metal
atoms. Since the surface free energy of a bulk oxide is much lower than

the chemical potential or free energy of the metal atoms, one can play
the game by reducing the thickness of the oxide film, even down to one
atomic monolayer, which is grown on a bulk metal substrate. In such
a way, the chemical potential of the oxide thin film can be tweaked by
the underlying bulk metal substrate. Once the chemical potential or
free energy of the ultrthin oxide support is tuned to such an extent
that it becomes comparable with those of the metal atoms, can one
then stablize these metal atoms without additional measures. Such an
approach may be termed as surface free energy strategy to prepare un-
coordinated metal atoms at surfaces. Scince the metal atoms are truly
unprotected and therefore their physicochemical properties could be
intrinsic, in sharp contract to those of coordinated metal atoms pre-
pared by surface coordination and crystal engineering strategies. In
this presentation, several systems of the unprotected metal atoms in-
cluding alkali and transition metal atoms on ultrathin films such as
metallic oxides and carbides grown on bulk metal substrates are em-
ployed to explore surface catalysis.
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