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Greeting

Dear Conference Guests,

On behalf of the DPG, | would personally like to welcome you to the virtual DPG-Friihjahrstagung (DPG
Spring Meeting) of the Surface Science Division.

| am very pleased that despite the ongoing pandemic, we are able to hold this DPG Spring Meeting with
an outstanding programme of keynote lectures, mini-symposia, interactive poster sessions to promote
the exchange that is so important for science. This is invaluable, especially for the next generation of
physicists for further scientific development and career planning, as at these DPG Spring Meetings, young
researchers can present their theses to a larger scientific audience for the first time and able to network
with potential employers.

However, our conference season this year also shows the great potential for innovation that lies dormant
in the DPG. Thanks to the extraordinary commitment of our members, new and digital formats for events
were developed and implemented in the Corona pandemic in a very short time. These are not only tem-
porary alternatives, but can also help to increase the overall reach of the DPG events in the future - and
thus the visibility of physics in politics and the public. This is of great importance for a society that relies
heavily on the discoveries and innovations of the natural sciences and benefits from their findings, which
are needed to address current and future societal challenges.

In short, we need physics as part of our culture today more urgently than ever!

For the success of this DPG Meeting, | would therefore like to express my great gratitude to all those in-
volved. | would also like to especially thank the Wilhelm and Else Heraeus Foundation for their generous
support of all DPG Meetings. My special appreciation goes to the responsible programme committee,
Prof. Karsten Reuter (Head of the Surface Science Division, Director of the Theorie Department at the
Fritz-Haber-Institute of the Max Planck Society in Berlin) and Prof. Dr. Ulrike Diebold (Deputy Head of the
Surface Science Division, Institute of Applied Physics, Vienna University of Technology). | would like to
thank the staff of the DPG Head Office for their support and supervision of all DPG Spring Meetings.

Dr. Lutz Schroter

President of the
Deutsche Physikalische Gesellschaft e. V.



Organisation

Organiser

Deutsche Physikalische Gesellschaft e. V.
Hauptstralle 5, 53604 Bad Honnef

Phone +49 (0) 2224 9232-0

Email dpg@dpg-physik.de
Homepage  www.dpg-physik.de

Scientific Organisation

Chair of the Surface Science Division

Prof. Dr. Karsten Reuter

Theory Department

Fritz Haber Institute of the Max Planck Society
Faradayweg 4-6, 14195 Berlin

Phone +49 (0) 30/ 8413 30

Email reuter@fhi-berlin.mpg.de

Mini-Symposia

Coherent band structure engineering with light
Organisation:

Marcel Reutzel, Georg-August-Universitat Gottingen
Stefan Mathias, Georg-August-Universitat Gottingen

Ultrafast surface dynamics at the space-time limit
Organisation:

Melanie Miiller, Fritz Haber Institute Berlin

Hannes Bockmann, Georg-August-Universitat Gottingen

Infrared nano-optics

Organisation:

Alexander Paarmann, Fritz Haber Institute Berlin
Markus A. Huber, Universitat Regensburg

Electrified solid-liquid interfaces

Organisation:

Nicolas Hormann, Fritz Haber Institute Berlin

Mira Todorova, Max-Planck-Institut fiir Eisenforschung Diisseldorf

Machine learning applications in surface science
Organisation:

Oliver T. Hofmann, Technische Universitat Graz, Austria
Karin Zojer, Technische Universitat Graz, Austria
Stefan Kowarik, Karl-Franzens-Universitat Graz, Austria

Dzyaloshinskii-Moriya Interaction in magnetic layered systems
Organisation:

Andres Arnau, Basque Country University San Sebastian, Spain
Mikhail M. Otrokov, Basque Country University San Sebastian, Spain
Maria Blanco-Rey, Basque Country University San Sebastian, Spain



Free-standing functional molecular 2D materials
Organisation:

Armin Goélzhauser, Universitéat Bielefeld

Andrey Turchanin, Friedrich-Schiller-Universitat Jena

Manipulation and control of spins on functional surfaces

Organisation:

Fabian Paschke, Universitat Konstanz

Katharina Kaiser, IBM Zurich, Switzerland

Rasa Rejali, Technische Universitat Delft, The Netherlands

Georg A. Traeger, Georg-August-Universitat Gottingen

Fabio Donati, Center for Quantum Nanoscience Seoul, South Korea
Yujeong Bae, Center for Quantum Nanoscience Seoul, South Korea
Andreas J. Heinrich, Center for Quantum Nanoscience Seoul, South Korea

Molecular scale investigations of liquid-vapor interfaces
Organisation:

Rémi Dupuy, Fritz Haber Institute Berlin

Clemens Richter, Fritz Haber Institute Berlin

Clara Saak, Universitat Wien, Austria

Frontiers of Electronic-Structure Theory: Focus on Electron-Phonon Interactions
Organisation:

Claudia Draxl, Humboldt-Universitat zu Berlin

Feliciano Giustino, Universitat Texas Austin, USA

Matthias Scheffler, Fritz Haber Institute Berlin

Thematic Poster Sessions

Mini-Symposium: Coherent band structure engineering with light
Mini-Symposium: Ultrafast surface dynamics at the space-time limit
Mini-Symposium: Infrared nano-optics

Mini-Symposium: Electrified solid-liquid interfaces

Mini-Symposium: Machine learning applications in surface science
Mini-Symposium: Dzyaloshinskii-Moriya Interaction (DMI) in magnetic layered systems
Mini-Symposium: Free-standing functional molecular 2D materials
Mini-Symposium: Manipulation and control of spins on functional surfaces
Mini-Symposium: Molecular scale investigations of liquid-vapor interfaces
Mini-Symposium: Frontiers of electronic-structure theory

Metal substrates

Semiconductor substrates

Oxide and insulator surfaces: Structure, epitaxy and growth

Oxides and insulators: Adsorption and reaction of small molecules
Supported nanoclusters: Structure, reactions, catalysis

Organic molecules on inorganic substrates: Adsorption and growth
Organic molecules on inorganic substrates: Networks and overlayers
Organic molecules on inorganic substrates: Electronic, optical and other properties
Solid-liquid interfaces: Structure, spectroscopy

Solid-liquid interfaces: Reactions and electrochemistry

Graphene and beyond

2D Materials: Electronic structure, excitations, etc.



Topological insulators

Topology and symmetry-protected materials

Nanostructures at surfaces

Heterogeneous catalysis

Electronic structure of surfaces: Spectroscopy, surface states
Ultrafast electron dynamics at surface and interfaces
Electron-driven processes at surfaces and interfaces
Electronic structure theory: General

Surface reactions

Surface magnetism

Surface dynamics: Phase transitions and elementary processes
New methods

Scanning probe techniques: Method development

Tribology: Surfaces and nanostructures

Plasmonics and nanooptics

Programme
The scientific programme consists of 656 contributions:

8 Plenary talks

41 Invited talks
51 Talks
553 Posters
3 Paper discussions

Information for Participants

The virtuell conference will be held in the period 1-4 April, 2021

Conference Information

Conference Location
Web-based Conference - Login information will be provided a few days before the event starts.

Conference Time Zone
All times are in Central European Time (CET), UTC +1

Conference Website
https://surfacescience21.dpg-tagungen.de/

Conference Platform Functionalities

To use all features of the digital conference, you need an up-to-date browser. The latest versions of Chro-
me, Firefox, Safari, and Edge with Blink engine are fully supported. JavaScript must be active. For video
calls, permission to access your microphone and camera is required. Please note that firewalls of compa-
ny or institute networks can also limit the functionality.



Immediately after logging in (with your credentials), you will be directed to the conference platform, which
is the central access point on the web during the entire event. Here, all functionalities of the platform are
available to you clearly and intuitively.

In the header, you will find the main menu, which allows you to access the different areas of the conference
- and to switch back and forth between them:

=  Your Profile

In the upper right corner of the screen, you will find access to your profile. All your data is stored here.
Additionally, introduce yourself with a short description or a statement and mark your interests. Should
you wish to network more closely with other participants, authors, or exhibitors during the congress, you
can send them your virtual business card. Your e-mail address will also appear on this card.

= Programme
Here you will find an overview of the individual conference days and the respective contributions inclu-
ding short descriptions.

= Discussion Forum

Use the opportunity to exchange ideas with participants or start a thematic exchange via the ,Create
Thread"” button. Fill out the form and publish your contribution, which can now be commented on and dis-
cussed. A video chat room is linked to each contribution, where you can exchange ideas in small groups
during the breaks, for example.

= Networking

Get an overview of the conference participants, make contact requests, and thus expand your network.
An important aspect of every conference is the opportunity to maintain old contacts and make new
ones. The menu item ,Networking“ gives you an overview of the people registered for the conference in
an area that is only accessible to participants. There you will also find, among other things, your profile,
which you can individualize.

To view the profile of another conference participant, click on a corresponding virtual business card. A
separate button allows you to send a contact request to exchange your e-mail addresses. If a conferen-
ce participant also appears as a speaker or poster author, the respective contributions are stored in the
profile — so you always have an overview of which of your contacts is speaking.

= Poster Room

View the submitted poster contributions and the corresponding abstracts and exchange ideas with the
authors. During the poster sessions you will also have the opportunity to join a group video chat at each
poster to exchange and discuss.

= Search

If you want to find specific content and/or programme items, use the search function to find them very
quickly. On the right side of the header, you will find your profile as well as a list of your contacts, and
access to the chat function. The latter includes conversations already held with conference participants,
but you can also start new conversations including the possibility for individual video chats.

To make access to the lecture programme as convenient as possible, the individual conference days
can be individually controlled. Thus, you can access the current live stream or on-demand offers of the
conference in an ordered Electronic Programme Guide. If you want to mark contributions in the run-up to
or during the conference, you can highlight them with a ,star”. You will find the programme items marked
in this way under ,My Favorites”.

= Electronic Programme Guide

Join the live stream or live zoom session to follow the current presentation.

Browse the programme for each day. By clicking on the individual contributions you will get additional
information, such as the abstract. In addition to the basic information, you can ask the author a question
about his or her contribution. This is publicly accessible. If you send a contact request to the participa-
ting authors, they can also exchange information bilaterally or arrange for an individual video chat.



= Time Shift & On-Demand Content

If you have missed a presentation or want to listen to it again, you can still access the contributions up
to 14 days after the event using your access data.

The poster contributions and the networking opportunities with other conference participants will also
be available to you until two weeks after the conference.

In case of any technical issue please contact us at: +49 (0)69 75306 777

Notice Board

All changes regarding the schedule of the conference will be updated currently. The information is identi-
cal to the programme updates of the scientific programme and are available at the scientific programme
in other formats as well (ordered by publication date, filterable by conference part and as an rss-feed).
Please use the form at https://surfacescience21.dpg-tagungen.de/programm/notice-board-form to submit
amendments, cancellations, etc.

Wilhelm and Else Heraeus Communication Programme

Within this programme the active participation by young DPG members — from Germany and abroad - at
the virtual DPG-Friihjahrstagungen (DPG Spring Meetings) is financially supported.

For the virtual DPG-Friihjahrstagungen (DPG Spring Meetings), the conference fee (and exclusively the
“early bird rate”) is subsidised at 100 % (submission of an application was open until 7 February 2021. Sub-
sequent applications are unfortunately not possible). After the conference, your participation in the confer-
ence will be checked on the basis of the login data and the funding will be finally confirmed or rejected if
no participation took place.

Payment will be made — after prior notification by e-mail — by the end of April 2021 at the latest by bank
transfer to the account you specified in your application.

The Deutsche Physikalische Gesellschaft thanks the Wilhelm and Else Heraeus Foundation for the gener-
ous financial support of young academic talents. We hope that young physicists will continue to seize the
offered opportunity for active scientific communication at scientific conferences. A total of about 35,000
young academics were supported by this programme so far.

Information for Speakers

All speakers are invited to use our offer for a testsession one week before the conference starts. The nes-
sesary information for the testsession about day, time and login information will be send out by e-mail to
the speakers. We would like to ask you to consider the following points for your presentation:

Please use the same equipment with which you successfully completed your technical check to avoid
technical problems during your presentation.

+ Please be in the Zoom session of the virtual room where you will give your presentation at least 5 mi-
nutes before the session starts.

+ Please sign in at Zoom with your full name so that we and the technicians can identify you as a speaker
and give you the rights to share your screen, microphone and camera in Zoom.
+ Please make sure that you respect your presentation time!

Information for poster presentations

The interactive poster sessions combine the classic contributed talks and posters in an attractive digital
form. In addition to the posters, which are accessible throughout the whole conference, it is also possible
to present the core messages of the poster in a short 3 minute video abstract, which can also be accessed
on-demand.

We would like to ask you to consider the following points when creating your posters and videos:

+  Please create your poster as a JPG file in portrait format (DIN AO; 84.10 cm wide and 118.90 cm high).
The file must not exceed a maximum size of 25 MB.

+ Please create your 3 minute video abstract in MP4 format. The file must not exceed a maximum size
of 150 MB.



The above criteria are based on the technical requirements of the conference platform used. Therefo-
re, different formats are unfortunately not possible.

The posters will be accessible to all registered participants throughout the conference and for up to two
weeks after the end of the conference. Please be available for discussion (group video chat via Jitsi) at
your poster throughout the poster session.

Social Events

Opening

by the Chair of the Surface Science Division

Prof. Dr. Karsten Reuter, Fritz Haber Institute, Berlin

Monday, 1 March, 09:45, R1. All participants are kindly invited.

Annual Meeting of the Surface Science Division
Thursday, 4 March, 13:00, R1

Announcement of Gerhard Ertl Young Investigator Prize
Thursday, 4 March, 16:00, R1

The DPG on Instagram

In the anniversary year the DPG will present an inspiring personality or an everyday physical phenomenon
on Instagram (@dpgphysik) every day. Who inspires you? What fascinates you? Submit online suggestions
for the 175 Inspirers and the 175 Impulses.

You can find the entries at http://175inspirierende.dpg-physik.de and http://175impulse.dpg-physik.de.
Contact: 175inspirierende@dpg-physik.de or impulse@dpg-mail.de.

Acknowledgement
The Deutsche Physikalische Gesellschaft (DPG) wants to thank the following institutions for supporting
the conference:

Wilhelm and Else Heraeus-Foundation, Hanau
Deutsche Gesellschaft fiir Materialkunde e.V. (DGM),
and all staff who make the success of the conference possible.



Deutsche Physikalische Gesellschaft @ DPG

Jetzt bewerben!
DPG-Mentoring-Programm und Leading for Tomorrow

An der Schwelle zum Berufseinstieg bietet die DPG zwei besondere Programme an,
gerade wenn der Berufseinstieg eventuell in Industrie und Wirtschaft erfolgen soll.

| de\werbungszeitraum 1. bis 31. Marz

Weitere Infos unter. www.mentoring_L4T.dpg-physik.de

-~




Surface Science Division (O)

Overview

Key Notes
021 Mon
028.1 Mon
029.1 Tue
0 56.1 Tue
0571 Wed
O 84.1 Wed
0 85.1 Thu
O111.1 Thu
Invited Talks
031 Mon
032 Mon
033 Mon
034 Mon
035 Mon
04.1 Mon
044 Mon
0 15.1 Mon
016.1 Mon
0164 Mon
017.1 Mon

10:00-10:30
15:30-16:00
10:00-10:30
15:30-16:00
10:00-10:30

15:30-16:00
10:00-10:30

15:30-16:00

10:30-11:00

11:00-11:15

11:15-11:45

11:45-12:00

12:00-12:30

10:30-11:00
11:30-12:00

13:30-14:00

13:30-14:00
14:30-15:00

13:30-14:00

Surface Science Division
Fachverband Oberflachenphysik (0)

Karsten Reuter
Fritz Haber Institute of the Max Planck Society
Faradayweg 4-6
14195 Berlin
reuter@fhi-berlin.mpg.de

Overview of Invited Talks and Sessions

R1
R1
R1
R1
R1

R1
R1

R1

R1

R1

R1

R1

R1

R2
R2

R1

R2
R2

R3

Chasing excited electrons in energy, momentum space, and time — ¢ MARTIN AESCHLIMANN
Physical chemistry and chemical physics of environmental interfaces — «VicKI GRASSIAN
Electrochemistry of platinum: new views on an old problem — «MaRrRc KoPER
Meta-stable intermediates of OER catalysis: connecting their time-resolved spectra to ther-
modynamic descriptors — «TaNJA CUK, ILYA VINOGRADOV, ARITRA MANDAL, SURYANSH
SINGH, HANNA LYLE

Tunneling spectroscopy of magnetic adatoms on superconductors — ¢KATHARINA .
FRANKE

Surface structure by way of machine learning — «Bjork HAMMER

On-surface reactions and molecular charge-state transitions by atom manipulation —
KATHARINA KAISER, SHADI FATAYER, FLORIAN ALBRECHT, *LEO GROSS

Light-matter interaction at the atomic scale — «KrAus KErn

Actuating and probing a single-molecule switch at femtosecond timescales — DomiNIk
PELLER, CARMEN ROELCKE, LUKAS Z. KASTNER, THOMAS BUCHNER, ALEXANDER NEEF, JO-
HANNES HAYES, FLORIAN ALBRECHT, RUPERT HUBER, ¢JASCHA REPP

Real space-time imaging of valence electron motion in molecules — «MANISH GARG
Ultrafast structural phase transitions probed by low-energy electron diffraction — «CrAUs
ROPERS

Probing the ultrafast electron dynamics in the quantum spin Hall system Bismuthene
with time-resolved ARPES — ¢JULIAN MAKLAR, RAUL STUHLER, MACIE] DENDZIK, ToM-
MASO PINCELLI, SHUO DONG, SAMUEL BEAULIEU, MARTIN WOLF, RALPH ERNSTORFER, RALPH
CLAESSEN, LAURENZ RETTIG

Atomic-resolution imaging of THz-driven dynamics on charge-ordered surfaces —
*SEBASTIAN LOTH

Ion permeation across atomically thin materials — «eMARCELO LozaDA-HIDALGO
Macroscopic Two-Dimensional Polymers: Synthesis and Structure Control — «ZHIKUN
ZHENG

The ultrafast Einstein-de Haas effect triggered by ultrafast demagnetization — «STEVEN L.
JoHNsON, CHRISTIAN DORNES, YVES ACREMANN, MATTEO SAVOINI, MARTIN KUBLI, MARTIN
J. NEUGEBAUER, ELsA ABREU, LucAs HUBER, GABRIEL LANTZ, CARLOS A. FE. VAz, HENRIK
LEMKE, ELIZABETH M. BOTHSCHAFTER, MICHAEL PORER, VINCENT ESPOSITO, LAURENZ RET-
TIG, MICHAEL BUZZl, AURORA ALBERCA, YOAV W. WINDSOR, PAUL BEAUD, URS STAUB, DILING
ZHU, SANGHOON SONG, JAMES M. GLOWNIA

Combining 2D materials and optical metasurfaces — «ISABELLE STAUDE

Electronic properties of freestanding ultra-thin small-molecular and multilayer graphene
films — ¢THOMAS WEITZ

Predominance of non-adiabatic effects in zero-point renormalization of electronic ener-
gies — «XAVIER GONZE, ANNA MIGLIO, VERONIQUE BROUSSEAU-COUTURE, GABRIEL ANTO-
NIUS, YANG-HA0O CHAN, STEVEN LOUIE, BOGDAN GUSTER, MATTEO GIANTOMASSI, MICHEL
COTE

11



Surface Science Division (O)

Overview

017.2 Mon
0173 Mon
0174 Mon
0 30.1 Tue
0 30.2 Tue
0 31.1 Tue
O 31.3 Tue
043.1 Tue
0432 Tue
044.1 Tue
0443 Tue
0444 Tue
0 45.1 Tue
0454 Tue
058.1 Wed
0 58.3 Wed
059.1 Wed
059.3 Wed
0 60.1 Wed
060.2 Wed
060.3 Wed
0604 Wed
071.1 Wed
0715 Wed
0721 Wed
0724 Wed
073.1 Wed
0734 Wed
0 86.1 Thu
0 86.2 Thu
087.1 Thu
0100.1 Thu
0100.4 Thu
Sessions
o1

02.1-2.1
03.1-3.5
04.1-4.6
05.1-5.8
06.1-6.9

14:00-14:30 R3
14:30-15:00 R3
15:00-15:30 R3

10:35-11:10 R1

11:10-11:45 RI1
10:30-11:00 R2
11:15-11:45 R2
13:30-14:05 R1
14:05-14:40 R1

13:30-14:00 R2
14:15-14:45 R2
14:45-15:15 R2

13:30-14:00 R3
14:40-15:10 R3

10:30-11:00 R1

11:20-11:50 R1
10:30-11:00 R2
11:15-11:45 R2

10:30-11:00 R3

11:00-11:30 R3
11:30-12:00 R3

12:00-12:30  R3
13:45-14:15 Rl
15:00-15:30 Rl

13:30-14:00 R2
14:30-15:00 R2
13:30-14:00 R3

14:40-15:30 R3
10:30-11:00 R1
11:00-11:30 Rl

10:35-11:30  R2

13:30-14:15 R2

14:45-15:30 R2

Mon
Mon
Mon
Mon
Mon
Mon

9:45-10:00
10:00-10:30
10:30-12:30
10:30-12:30
10:30-12:30
10:30-12:30

Huge quantum effects on the 250 K superconducting lan- thanum hydride — «JoN ERREA
Out-of-equilibrium lattice dynamics in two-dimensional materials — +FaB10 CARUSO
Ultrafast optical control of complex oxide functional properties: New insights from theory
and first-principles calculations — «NI1COLE BENEDEK

A Theoretical Framework for Investigating Electrochemical Reactions — ¢WOLFGANG
SCHMICKLER

Dynamic Evolution of CO, Electroreduction Catalysts — «BEATRIZ ROLDAN CUENYA
What can we learn from atoms? — ¢ALEXANDER KHAJETOORIANS

Artificial spin chains on superconductor surfaces — «JENs WIEBE

Electrocatalysis beyond surface reaction energetics — «KAREN CHAN

Design and application of an ab initio electrochemical cell — SUDARSAN SURENDRALAL,
FLORIAN DEISSENBECK, STEFAN WIPPERMANN, CHRISTOPH FREYSOLDT, MIRA TODOROVA,
*JORG NEUGEBAUER

Atomic-scale spin sensing with a single molecule at the apex of a STM — «LAURENT LIMOT
Quantum sensing and operation of single molecules on the surface — «XUE ZHANG
Longitudinal and transverse electron paramagnetic resonance in a scanning tunneling mi-
croscope — *ToM S. SEIFERT, STEPAN KOVARIK, DOMINIK JURASCHEK, NICOLA A. SPALDIN,
PIETRO GAMBARDELLA, SEBASTIAN STEPANOW

A Superficial Look At Water — «OLLE BJORNEHOLM

Exploring Collisions and Reactions at the Vacuum-Water Interface using Water Microjets
— ¢GILBERT NATHANSON

Simulating interfacial water with neural network potentials — «CHRISTOPH DELLAGO,
OLIVER WOHLFAHRT, MARCELLO SEGA

Surface activity of hydroxide and the hydrated proton — «ELLEN BACKUS

TBA — «NETANEL LINDNER

Engineering emergent states in quantum materials with classical and quantum light —
*MICHAEL SENTEF

Rashba effect and chiral magnetism: some insights from density functional theory —
+GUSTAV BIHLMAYER

Synthetic chiral magnets and domain wall logic circuits — «PIETRO GAMBARDELLA
Zero-field magnetic skyrmions in model-type systems studied with STM — «KIRSTEN VON
BERGMANN

Spin Orbit driven effects in Graphene-FM systems — «PAOLO PERNA

Machine learning for novel functional materials — «PascaL FRIEDERICH
Theory-informed Machine Learning for Surface and Interface Structure Reconstruction
from Experimental Data — ErRic SCHWENKER, CHAITANYA KOLLURU, MARCEL CHLUPSA,
ARUN MANNODI KANAKKITHODI, RICHARD HENNIG, PIERRE DARANCET, eMARIA CHAN

On the survival of Floquet-Bloch states in the presence of scattering — «ISABELLA GIERZ
Light-induced anomalous Hall effect in graphene — ¢JAMES MCIVER

Theoretical insights into Dzyaloshinskii-Moriya interaction in nanostructures based on
transition metals, oxides and 2D materials — ¢MAIRBEK CHSHIEV

Dzyaloshinskii-Moriya Interaction in magnetic layered systems — ¢« ALBERT FERT
Machine learning for robotic nanofabrication with molecules — «CHRISTIAN WAGNER
Chemisorbed or Physisorbed? Resolving surface adsorption with Bayesian inference and
atomic force microscopy — «MiLica ToDOROVIC

In-Situ Thin Film Nanoscale Hydrogenography in Magnesium Plasmonics — «HARALD
GIESSEN, JULIAN KARST, FLORIAN STERL, HEIKO LINNENBANK, MARIO HENTSCHEL

Broad spectral tuning of ultra-low-loss polaritons in a van der Waals crystal by intercala-
tion — ¢+PABLO ALONSO-GONZALEZ

Nanocavities and polaritons in twisted and indirectly nanostructured 2D materials —
*FRANK KOPPENS

Rl Opening Remarks

R1  Key NoteI

Rl  Mini-Symposium: Ultrafast surface dynamics at the space-time limit I
R2  Mini-Symposium: Free-standing functional molecular 2D materials I

P Poster Session I: Metal substrates I
P Poster Session I: Organic molecules on inorganic substrates: Adsorption and
growth I
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Poster Session I: Surface magnetism I
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Mini-Symposium
Mini-Symposium
Mini-Symposium

: Ultrafast surface dynamics at the space-time limit II
: Free-standing functional molecular 2D materials IT
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Poster Session II:
Poster Session II:
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Poster Session 1I:
Poster Session II:
Poster Session II:
Poster Session II:
Poster Session II:
Poster Session 1I:
Poster Session II:
Poster Session II:

Metal substrates II
Organic molecules on inorganic substrates: Adsorption and

Heterogeneous catalysis II

Solid-liquid interfaces: Reactions and electrochemistry I

New methods II

Topology and symmetry-protected materials

Plasmonics and nanooptics II

Surface magnetism II

Nanostructures at surfaces II

Poster to Mini-Symposium: Molecular scale investigations of

liquid-vapor interfaces I

Key Note 11

Key Note III
Mini-Symposium
Mini-Symposium
Mini-Symposium

: Electrified solid-liquid interfaces I
: Manipulation and control of spins on functional surfaces I
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phonon interactions II

Poster Session III:
Poster Session III:

growth III

Poster Session III:
Poster Session II1:
Poster Session I11:
Poster Session II1:
Poster Session II1:

lar 2D materials I

Poster Session III:

Poster Session III
space-time limit I

Poster Session I1I:

surface science I

Mini-Symposium:
Mini-Symposium:

Mini-Symposium

Poster Session I'V:
Poster Session I'V:

layers

Semiconductor substrates I
Organic molecules on inorganic substrates: Adsorption and

Surface dynamics I: Phase transitions and elementary processes
Electronic structure of surfaces: Spectroscopy, surface states I
Surface magnetism III

Tribology: Surfaces and nanostructures I

Poster to Mini-Symposium: Free-standing functional molecu-

Poster to Mini-Symposium: Infrared nano-optics I

: Poster to Mini-Symposium: Ultrafast surface dynamics at the

Poster to Mini-Symposium: Machine learning applications in

Electrified solid-liquid interfaces II

Manipulation and control of spins on functional surfaces II

: Molecular scale investigations of liquid-vapor interfaces I
Semiconductor substrates II

Organic molecules on inorganic substrates: networks and over-

Poster Session IV: Surface dynamics II: Phase transitions and elementary processes
Poster Session I'V: Electronic structure of surfaces: Spectroscopy, surface states 11
Poster Session IV: Tribology: Surfaces and nanostructures II

Poster Session IV: Poster to Mini-Symposium: Free-standing functional molecular
2D materials II

Poster Session IV: Poster to Mini-Symposium: Infrared nano-optics II

Poster Session IV: Poster to Mini-Symposium: Frontiers of electronic-structure
theory I

Poster Session IV: Poster to Mini-Symposium: Ultrafast surface dynamics at the
space-time limit II

Poster Session IV: Poster to Mini-Symposium: Machine learning applications in
surface science I1
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Key Note IV

Key Note V

Mini-Symposium: Molecular scale investigations of liquid-vapor interfaces IT
Mini-Symposium: Coherent band structure engineering with light I
Mini-Symposium: Dzyaloshinskii-Moriya Interaction (DMI) in magnetic layered
systems I

Poster Session V: Oxide and insulator surfaces: Structure, epitaxy and growth I
Poster Session V: Organic molecules on inorganic substrates: electronic, optical
and other properties I

Poster Session V: Electron-driven processes at surfaces and interfaces

Poster Session V: Electronic structure of surfaces: Spectroscopy, surface states III
Poster Session V: Solid-liquid interfaces: Reactions and electrochemistry II

Poster Session V: 2D Materials: Electronic structure, excitations, etc. I

Poster Session V: Ultrafast electron dynamics at surface and interfaces I

Poster Session V: Poster to Mini-Symposium: Manipulation and control of spins
on functional surfaces I

Poster Session V: Poster to Mini-Symposium: Infrared nano-optics III

Poster Session V: Poster to Mini-Symposium: Frontiers of electronic-structure the-
orylIl

Mini-Symposium: Machine learning applications in surface science I
Mini-Symposium: Coherent band structure engineering with light II
Mini-Symposium: Dzyaloshinskii-Moriya Interaction (DMI) in magnetic layered
systems II

Poster Session VI: Oxide and insulator surfaces: Structure, epitaxy and growth II
Poster Session VI: Organic molecules on inorganic substrates: electronic, optical
and other properties II

Poster Session VI: Supported nanoclusters: structure, reactions, catalysis

Poster Session VI: Scanning probe techniques: Method development I

Poster Session VI: 2D Materials: Electronic structure, excitations, etc. II

Poster Session VI: Ultrafast electron dynamics at surface and interfaces II

Poster Session VI: Poster to Mini-Symposium: Electrified solid-liquid interfaces I
Poster Session VI: Poster to Mini-Symposium: Manipulation and control of spins
on functional surfaces II

Poster Session VI: Poster to Mini-Symposium: Frontiers of electronic-structure
theory III

Poster Session VI: Poster to Mini-Symposium: Infrared nano-optics IV

Key Note VI

Key Note VII

Mini-Symposium: Machine learning applications in surface science II
Mini-Symposium: Infrared nano-optics I

Poster Session VII: Oxides and insulators: Adsorption and reaction of small
molecules I

Poster Session VII: Organic molecules on inorganic substrates: electronic, optical
and other properties III

Poster Session VII: Surface reactions I

Poster Session VII: Scanning probe techniques: Method development 11

Poster Session VII: Ultrafast electron dynamics at surface and interfaces III
Poster Session VII: Graphene and beyond I

Poster Session VII: Poster to Mini-Symposium: Electrified solid-liquid interfaces
II

Poster Session VII: Poster to Mini-Symposium: Manipulation and control of spins
on functional surfaces III

Poster Session VII: Poster to Mini-Symposium: Frontiers of electronic-structure
theory IV

Poster Session VII: Poster to Mini-Symposium: Molecular scale investigations of
liquid-vapor interfaces II

Annual Meeting of the Surface Science Division

Gerhard Ertl Young Investigator Award: Finalists session

Mini-Symposium: Infrared nano-optics II

Poster Session VIII: Oxides and insulators: Adsorption and reaction of small
molecules IT

Poster Session VIII: Organic molecules on inorganic substrates: electronic, optical
and other properties IV
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Poster Session VIII: Poster to Mini-Symposium: Electrified solid-liquid interfaces
II1

Poster Session VIII: Poster to Mini-Symposium: Manipulation and control of spins
on functional surfaces IV

Poster Session VIII: Poster to Mini-Symposium: Frontiers of electronic-structure
theory V

Poster Session VIII: Poster to Mini-Symposium: Machine learning applications in
surface science III

Poster Session VIII: Poster to Mini-Symposium: Dzyaloshinskii-Moriya Interac-
tion (DMI) in magnetic layered systems

Key Note VIII

Announcement of Gerhard Ertl Young Investigator Award and Concluding Re-
marks

Annual General Meeting of the Surface Science Division

Thursday 13:00-13:30
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Surface Science Division (O)

Monday

Sessions
- Plenary Talks, Invited Talks, Paper Discussions, Contributed Talks, and Posters -

O 1: Opening Remarks

Time: Monday 9:45-10:00

Location: R1

Karsten Reuter, Fritz-Haber-Institut der MPG, Chair Surface Science Division

O 2: Key Note |

Time: Monday 10:00-10:30

Plenary Talk 021 Mon10:00 RI1
Chasing excited electrons in energy, momentum space, and time — «MARTIN
AESCHLIMANN — University of Kaiserslautern (TUK) and Research Center OP-
TIMAS, Erwin-Schroedinger-Str. 46, 67663 Kaiserslautern, Germany

Optically excited (hot) electrons play a crucial role for many fundamental chemi-
cal and physical processes occurring at surfaces, interfaces, and in bulk materials.
Despite decades of intense research, however, a complete picture of the hot elec-
trons dynamic in its collective environment is still elusive. In this presentation, I
will demonstrate how the latest developments in ultrafast light sources and pho-
toemission detector technology have paved the way towards a completely new

Location: R1

generation of time-resolved photoemission experiment based on time-, (and
spin-) resolved momentum microscopy [1,2]. With this tool at hand, we can
directly watch the temporal evolution of excited carriers in energy, momentum
space, and time, which provides an unprecedented view onto the fundamen-
tal energy-, and (angular-) momentum-dissipation mechanisms in condensed
matter. As exemplary cases, I will focus on the excited state dynamics of low
dimensional materials and metal-molecular hybrid systems [3].

[1] B. Yan et al; Nature Communications 6, 10167 (2015)

[2] F. Haag et al, Rev. Sci. Instrum., 90,103104 (2019)

[3] E Haag et al, arXiv:2101.03567 (2020)

0 3: Mini-Symposium: Ultrafast surface dynamics at the space-time limit |

Time: Monday 10:30-12:30

Invited Talk 03.1 Monl10:30 RI1
Actuating and probing a single-molecule switch at femtosecond timescales —
DomMmiINIK PELLER, CARMEN ROELCKE, LUKAS Z. KASTNER, THOMAS BUCHNER,
ALEXANDER NEEF, JOHANNES HAYES, FLORIAN ALBRECHT, RUPERT HUBER, and
eJascHA REPP — Department of Physics, University of Regensburg, 93040 Re-
gensburg, Germany
Combining scanning tunneling microscopy (STM) with lightwave electronics
[1] has enabled the simultaneous femtosecond and sub-angstrom resolution in
observing matter [2]. We now demonstrate the combined femtosecond and sub-
angstrom access in the control of matter. Ultrafast localized electric fields in
lightwave STM enable exerting atom-scale femtosecond forces to selected atoms.
Utilizing these forces to excite coherent structural dynamics, we can modulate
the quantum transitions of a single-molecule switch by up to 39% [3]. Further,
we exploit the same single-molecule switch to quantitatively resolve the electro-
magnetic waveform of the tip-confined near-field transients directly inside the
tunneling junction at atomic scales [4].

[1] T. L. Cocker et al., Nature Photon. 7, 620 (2013).

[2] T. L. Cocker et al., Nature 539, 263 (2016).

[3] D. Peller et al., Nature 585, 58 (2020).

[4] D. Peller et al., Nature Photonics (2020).

Invited Talk 032 Monl11:00 RI
Real space-time imaging of valence electron motion in molecules — «MANISH
GARG — Max Planck Institute for Solid State Research, Heisenbergstr. 1, 70569
Stuttgart, Germany

Chemical transformations in molecules are a consequence of valence electron
motion and its eventual coupling to atomic motion, hence, tracking valence elec-
tron motion at the orbital level is the key to understanding and taming such
transformations. Scanning tunnelling microscopy (STM) can passively and lo-
cally probe the valence electron density in molecules. Contemporary techniques
in attosecond science, on the other hand, can generate and track the temporal
evolution of a coherent superposition of quantum states of valence electrons by
using strong laser fields, which can be probed only non-locally. In absence of
the capability to trigger and probe electron dynamics at the single-orbital level,
electron motion could only be inferred by reconstruction. Here, we demonstrate
that the dynamics of coherent superposition of valence electron states generated
by < 6 femtosecond long carrier-envelope-phase (CEP) stable laser pulses, can
be locally probed with picometer spatial resolution and 300 attosecond tempo-
ral resolution simultaneously, at the single orbital-level with the help of an STM,
defying the previously established fundamental space-time limit. We show that
near fields of optical pulses confined to the apex of nanotip of an STM enable
orbital imaging of electronic levels of molecules with pm resolution. We envis-
age that it will be possible to see a chemical bond formation dynamics through
a transition state at the orbital level in the near future.

17

Location: R1

Invited Talk 033 Monll:15 Rl
Ultrafast structural phase transitions probed by low-energy electron diffrac-
tion — «CLAUS ROPERs — IV. Phys. Inst., Gottingen, Germany — MPI for bio-
physical Chemistry

Governed by broken symmetries and an effectively reduced dimensionality, sur-
faces exhibit a multitude of complex phases and transitions, with prominent ex-
amples in metal-to-insulator lattice instabilities. Ultrafast measurement tech-
nology has greatly improved our understanding of the formation and non-
equilibrium response of such phases, revealing transition pathways and means
of optical control.

Despite these advancements, tracking the rapid structural evolution of sur-
faces has remained challenging. Low-energy electron diffraction (LEED) is an
ideal tool to characterize the structure, symmetries and long-range order at sur-
faces, but it typically lacks ultrafast temporal resolution.

This talk will present the development and first applications of Ultrafast LEED,
combining short-pulsed probing with ultimate surface sensitivity. I will give
some methodical background on its implementation and will discuss results on
optically induced structural phase transitions in charge-density wave systems
[1,2].

[1] ”Structural dynamics of incommensurate charge-density waves tracked by
ultrafast low-energy electron diffraction” G. Storeck et al., Struct. Dyn. 7, 034304
(2020).

[2] ?Coherent control of a surface structural phase transition”, J.G. Horstmann
et al., Nature 583, 232 (2020).

Invited Talk 034 Monll45 RI1
Probing the ultrafast electron dynamics in the quantum spin Hall sys-
tem Bismuthene with time-resolved ARPES — JULIAN MAKLAR', RAUL
STUHLERZ, MACIEJ DENDZIK1’3, ToMMASO PINCELLII, SHUO DONGI, SAMUEL
BEAULIEUI, MARTIN WOLFI, RALPH ERNSTORFERI, RALPH CLAESSENZ, and
LAURENZ RETTIG' — !Fritz-Haber-Institut der Max-Planck-Gesellschaft, D-
14195 Berlin, Germany — 2Physikalisches Institut and Wiirzburg-Dresden Clus-
ter of Excellence ct.qmat, University of Wiirzburg, D-97070 Wiirzburg, Germany
— 3Department of Applied Physics, KTH Royal Institute of Technology, Stock-
holm, Sweden
Quantum spin Hall (QSH) systems are 2D topological insulators with promising
device applications due to dissipationless, symmetry-protected spin currents in
their edges. A promising high-temperature QSH material is Bismuthene - a 2D
honeycomb lattice of bismuth atoms on a silicon carbide substrate — which fea-
tures a wide bulk band gap and conductive 1D edge states located at substrate
steps and domain boundaries.

Here, we investigate the electronic structure of Bismuthene upon ultra-
fast photoexcitation via time- and angle-resolved photoemission spectroscopy
(trARPES). We map out the transiently occupied excited states in the conduction
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band and additionally observe faint spectral weight within the indirect band gap,
which we attribute to metallic edge states. In addition, we observe a surprisingly
fast recovery of excited carriers to the ground state — a further hint towards the
presence of topological metallic decay channels.

Invited Talk 035 Mon12:00 Rl
Atomic-resolution imaging of THz-driven dynamics on charge-ordered sur-
faces — «SEBASTIAN LoTH — Universitit Stuttgart, Institut fiir Funktionelle Ma-
terie und Quantentechnologien, 70569 Stuttgart — Max-Planck-Institut fiir Fes-
tkorperforschung, 70569 Stuttgart

Charge order in correlated-electron materials is intimately linked to fluctuations
of charge density that occur at nanometer length scales and at ultrafast speed.
Such localized fluctuations are not a simple perturbation but can be the deter-
mining factor for the dynamics of phase transitions and the macroscopic re-

sponse of the electron system. While these fluctuations often remain hidden
to ensemble-averaged measurements, the combination of ultrafast THz spec-
troscopy and scanning tunneling microscopy can both locally excite and probe
dynamics with atomic spatial and femtosecond temporal resolution [1]. For the
quasi two-dimensional charge density wave state in niobium diselenide we find
that the tip-enhanced electric field of the THz pulses excites the sample directly
by driving a strong in-plane displacement current in the surface. This leads to
a distortion of the charge-density wave in the vicinity of atomic pinning sites
that relaxes by emitting a complex pattern of amplitude and phase excitations
rather than a uniform collective response. Resolving these fluctuations in real
space at the scale of individual impurities provides a new route to unraveling the
electronic dynamics of disordered correlated materials.

[1] T. L. Cocker et al., Nature Photon. 7, 620 (2013). & T. L. Cocker et al.,
Nature 539, 263 (2016).

0 4: Mini-Symposium: Free-standing functional molecular 2D materials |

Time: Monday 10:30-12:30

Invited Talk 041 Mon10:30 R2
Ion permeation across atomically thin materials — «MARCELO LozADA-
HipaLGo — Department of Physics and Astronomy, The University of Manch-
ester

The basal plane of graphene is impermeable to all atoms and molecules - even
for helium, the smallest - at ambient conditions. On this basis, it was believed
that graphene would be impermeable even to protons, the nuclei of hydrogen
atoms. Unexpectedly, we found that graphene is highly permeable to these ions
at ambient conditions. Since these early experiments, our research has estab-
lished that permeation through 2D crystals can be fundamentally different from
that in bulk materials. Even basic notions like bulk 3D resistivity need to be con-
sidered carefully. Many fundamental questions remain open even for graphene,
the most researched of theses crystals - and the vast majority of these materials
remain unexplored from this perspective. This talk will provide an overview of
this new field of research and discuss some of the recent developments involving
new 2D materials.

042 Monl11:00 R2
Ultrahigh ionic exclusion through 1-nm-thick carbon nanomembranes —
*YANG YANGI’Z, RoLAND HILLMANNI, YuBo QIl, Riko KORZETZI, NIKLAS
BIERE', DANIEL EMMRICH', MICHAEL WESTPHAL', BJORN BUKER', ANDREAS
HﬁTTENl, ANDRE BEYERI, DARrIO ANSELMETTII, and ARMIN GOLZHAUSER' —
!Faculty of Physics, Bielefeld University, Germany — *Department of Chemical
Engineering, Imperial College London, UK
The “single-file” transport of water in natural nanoconduits (i.e., aquaporins)
inspires the development of high-performance artificial membranes for water
purification. In particular, 2D materials open a path to new filtration processes.
However, a key challenge has been finding an effective way to create a large num-
ber of narrow channels in the material to realize the desired high water perme-
ance and high ion rejection. Carbon Nanomembranes (CNMs) are 2D carbon
sheets fabricated from crosslinking of self-assembled monolayers. This work will
show that a ~1.2 nm thick CNM made of terphenylthiol (TPT) precursors pos-
sesses a very high density (~10A18 mA2, i.e., 1 sub-nm pore per square nanome-
ter) of sub-nm channels. TPT CNM:s let water pass very quickly, but hinder
the passing of ions including protons. The membrane resistance in 1 M chlo-
ride solutions reaches ~104 Q) cmA2, comparably high to that of lipid bilayers.
TPT CNMs show a ~80 times enhancement in water productivity over the com-
mercial forward osmosis membranes. These observations encourage the use of
CNMs for producing clean water. The versatile manufacturing process also en-
ables CNM functions to be customized at a molecular level.

043 Monll:15 R2
Atomic-scale carving of nanopores into a van-der-Waals heterostructure with
slow highly charged ions — JANINE ScuwesTKA', HEENA INANT®, MUKESH
TRIPATHIZ, ANNA NIGGAsl, NIALL MCEVOY3 , FLORIAN LIBISCH4, FRIEDRICH
AUMAYRl, JANI KOTAKOSKIZ, and sRICHARD WILHELM! — ' TU Wien, Institute
of Applied Physics — 2University Vienna, Faculty of Physics — 3Trini'ry College
Dublin, AMBER School of Chemistry — *TU Wien, Institute for Theoretical
Physics
Tailoring the mechanical, electronic and chemical properties of functional 2D
materials post-growth demands methods with highest surface sensitivity. Es-
pecially in van-der-Waals (vdW) heterostructures a method which only modi-
fies a particular layer in the layer stack is highly beneficial. Here we report on
nanoscale perforation of a MoS, layer on-top of a single layer of graphene by
irradiation with individual slow highly charged ions. While we can perforate the
MoS, layer with a high efficiency, the graphene stays intact. Even more so, when
changing the layer order, the graphene facing the ion beam shields the MoS,
from damage and the entire vdW heterostructure remains intact. While this
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monolayer sensitivity is based on different susceptibilities of metals and semi-
conductors to highly charged ion induced potential sputtering, up to three layers
of MoS, on-top of graphene also show perforation only in the topmost 1-2 layers.
Hence, even a susceptible material can be perforated with monolayer precision.
The mechanism of extreme surface sensitive energy deposition is discussed.

Invited Talk 044 Monl1l:30 R2
Macroscopic Two-Dimensional Polymers: Synthesis and Structure Control
— «ZHIKUN ZHENG — Key Laboratory for Polymeric Composite and Functional
Materials of Ministry of Education, School of Chemistry, Sun Yat-Sen University,
Guangzhou 510275, P. R. China

At present, one of the key challenges faced by the scientific community is to go
beyond graphene, a prototypical two-dimensional polymer (2DP, a laterally in-
finite, one atom- or monomer-unit thin, free-standing network with long-range
order along two orthogonal directions), to synthesize its analogues with struc-
tural control at the atomic- or molecular- level under mild conditions. Here we
present the rational synthesis of monolayer and multilayer 2DPs at an air-water
interface. Such 2DPs are highly crystalline with controlled aggregate structure
and microstructure and tunable single-crystal domain size in the range of tens of
nanometers to several micrometers. They have a tunable thickness ranges from
0.7 nm to around 1ym and a lateral size up to 4-inch wafer, and can be freely
suspended over 40 ym * 40 ym sized holes. They are rigid and flexible, and can
be conformed and bonded robustly to nearly any surface, facilitating their inte-
gration with target supports or into devices for the extraction of properties. On
the basis of the elucidation of their molecular structures, near atomic structures,
grain boundaries and edge structures, some preliminary structure-property re-
lationships of the 2DPs were obtained.

045 Mon12:00 R2
Low-energy electron irradiation induced synthesis of molecular nanosheets:
Influence of the electron beam energy — «CHRISTOF NEUMANN', RICHARD
A. WiLHELM>® , MARIA KULLMERI, and ANDREY TURCHANIN' — !Institute of
Physical Chemistry, Friedrich Schiller University Jena, 07743 Jena, Germany
— 2nstitute of Applied Physics, TU Wien, 1040 Vienna, Austria — 3Institute
of Ion Beam Physics and Materials Research, Helmholtz-Zentrum Dresden-
Rossendorf, 01328 Dresden, Germany
Aromatic self-assembled monolayers (SAMs) can be cross-linked into molecular
nanosheets - carbon nanomembranes (CNMs) - via low-energy electron irradi-
ation. Due to their favorable mechanical stability and tunable functional proper-
ties, they possess a high potential for various applications including nanosensors
and separation membranes. Here, we studied the cross-linking of 4’-nitro-1,1’-
biphenyl-4-thiol SAM on gold. The SAM samples were irradiated with different
electron energies ranging from 2.5 to 100 eV in ultra-high vacuum and subse-
quently analysed by complementary techniques including X-ray photoelectron
spectroscopy (XPS). To demonstrate the formation of CNMs, the formed two-
dimensional molecular materials were transferred onto grids and oxidized wafer
and analyzed by different microscopy techniques. We found a strong energy de-
pendence for the cross section for the cross-linking process and conducted a
comparative analysis of the cross sections for the C-H bond scission via elec-
tron impact ionization and dissociative electron attachment. C. Neumann et al.,
Faraday Discuss. 2020 DOI: 10.1039/C9FD00119K

04.6 Mon12:15 R2
On-surface synthesis of nonbenzenoid planar carbon allotropes — «QITANG
FANI, LINGHAO YANZ, DANIEL MARTIN—]IMENEZ3, DANIEL EBELINGS,
MATTHIAS W. TRIPPI, ONDREJ KRE]éI’Z, STEFAN R. KACHELI, Crauprio K.
KRUGI, ApAM S. FOSTERZ, ULRICH KOERTI, ANDRE SCHIRMEISEN3, PETER
LiLjeroTH?, and J. MICHAEL GOTTFRIED! — 1Department of Chemistry,
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Philipps-Universitdt Marburg, Hans-Meerwein-Strafle 4, 35032 Marburg, Ger-
many — 2Department of Applied Physics, Aalto University, FI-00076 Aalto,
Finland — *Institute of Applied Physics (IAP), Justus Liebig University Giefen,
Heinrich-Buff-Ring 16, 35392 Gieflen, Germany

The quest for new carbon allotropes with unusual properties persistently in-
trigues scientists from various fields. However, the challenge of synthetic
carbon allotropes still remains in the limited protocols for their controlled
bottom-up construction. To date, no planar sp” carbon allotropes other than

O 5: Poster Session I:
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051 Mon10:30 P
Multi-method study of trans-DBPen on coinage metal (111)-surfaces —
eFELIX OTTO, MAXIMILIAN SCHAAL, TOBIAS HUEMPENER, FALKO SOJKA,
MARCO GRUENEWALD, ROMAN FORKER, and TORSTEN FrrTz — Institute of Solid
State Physics, Friedrich Schiller University Jena, Helmholtzweg 5, Jena, Germany
Several polycyclic aromatic hydrocarbons (PAHs) become superconducting af-
ter the intercalation of alkali metal atoms. The number of promising candidates
has increased in the last few years. Among them, K3 451,2:8,9-dibenzopentacene
(trans-DBPen, C;yH;3g) is the one with the highest critical temperature reported
so far. Nevertheless, the microscopic mechanisms of superconductivity in K-
doped PAHs are still under debate. One open question is, for example, the effect
of structural order in bulk materials as well as two-dimensional layers.

Our work deals with the growth of trans-DBPen on Ag(111), Au(111), and
Cu(111) in the monolayer (ML) regime. The self-assembled thin films were pre-
pared using organic molecular beam epitaxy. The structure was characterized by
means of low energy electron diffraction (LEED). In the sub-ML range, we ob-
serve a 2D gas-like behavior, whereas the first MLs on the different substrates are
characterized by highly ordered structures. Photoelectron spectroscopy (PES)
including photoelectron momentum maps (PMMs) was used to study the inter-
action of the molecules with the substrate as well as the influence of the second
ML on the electronic structure. The investigated systems exhibit notable differ-
ences according to the different interaction strengths with the substrate.

052 Monl10:30 P
Scanning tunneling microscopy study of submonolayer growth of Mn, Au,_,
on Cu(001) — «ISMET GELEN', TAUQIR SHINWARI', YASSER A. SHOKR "%, EVAN-
GELOS GoLias!, and WoLrGaNG Kucu! — 'Institut fiir Experimentalphysik,
Freie Universitat Berlin, Arnimallee 14, 14195 Berlin, Germany — 2Faculty of
Science, Department of Physics, Helwan University, 17119 Cairo, Egypt
Mn, Au,_, exhibits many antiferromagnetic (AFM) phases. Mn,Au is one of
them that has a high Néel temperature (= 1600 K) and, due to its noncentrosym-
metric spin structure and metallic nature, is an interesting AFM material for
spintronic applications. Here, we study the growth of Mn,Au,_, in the sub-
monolayer (sub-ML) regime on Cu(001) by medium- and low-energy electron
diffraction (MEED, LEED), Auger electron spectroscopy (AES), and scanning
tunneling microscopy (STM). Different Mn concentrations (x = 0.7 — 0.9) and
different thicknesses (= 0.2 — 1.1 ML) were studied, as monitored by AES. Mn
and Au were coevaporated by electron bombardment on Cu(001) at room tem-
perature (RT). The growth of thicker films showed MEED intensity oscillations
up to around 9 ML. The LEED images display substrate patterns for thicknesses
< 0.5 ML, while they display a ¢(2 x 2) structure for thicker sub-ML films. We
observe Mn, Au, _, islands on Cu(001) for all sub-ML films with island sizes be-
tween = 5 x 5 and 30 x 30 nm®.

053 Monl10:30 P
Submonolayer growth of Te on Cu(111) — «TILMAN KISSLINGER, ANDREAS
RAABGRUND, MAXIMILIAN AMMON, M. ALEXANDER SCHNEIDER, and LuTz
HaMMER — Lehrstuhl fiir Festkorperphysik, Universitit Erlangen-Niirnberg,
D-91058 Erlangen, Germany
Tellurium (Te) based alloys play an important role in metallurgy, thermoelectric-
ity and photovoltaics [1]. Thus, an accurate knowledge of the crystallographic
surface structure and elemental composition of such systems is the first step to
any understanding of their diverse physical properties. We studied the adsorp-
tion of Te on Cu(111) for submonolayer coverages with quantitative low-energy-
electron diffraction (LEED), scanning tunneling microscopy (STM) and density-
functional theory (DFT).
Below ® =1/12 ML we find Te atoms to form a disordered structure. Above this
threshold a (2v/3 x V/3)R30° structure evolves that is fully developed at a cov-
erage of 1/3 ML. STM shows a well-ordered surface phase that is solved by our
LEED-analysis (A E = 8.9 keV, R = 0.099) to consist of Te, Cu, chains in hcp-sites
of the first substrate layer in perfect agreement with the structure calculated by
DFT [2].
[1]: Ibers J., Nat. Chem. 1, 508 (2009)
[2]: Kisslinger T., Phys. Rev. B. 102, 155422 (2020)
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graphene have been achieved. Here, we show the bottom-up growth of sheets
of monoatomically-thick nonbenzenoid carbon allotropes via an Ullmann-type
coupling followed by dehydrogenative/dehydrofluorinative C-C coupling reac-
tions on metal surfaces. Such carbon allotropes consist of periodically arrayed
non-hexagonal rings of sp> carbon atoms, exhibiting electronic properties con-
trasting those of the benzenoid graphene. We expect that our surface-science
based strategy will enrich the bottom-up toolbox for the synthesis of other pla-
nar carbon allotropes.

Metal substrates |
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054 Monl0:30 P
Inducing and Probing the Rotational Motion of a Single Carbon Monoxide
Molecule — «Nicoras NEEL and JOrRG KROGER — Institut fiir Physik, Technis-
che Universitat Ilmenau, D-98693 Ilmenau, Germany
The control and observation of reactants forming a chemical bond at the single-
molecule level is a longstanding challenge in quantum physics and chemistry.
Using a single CO molecule adsorbed at the apex of an atomic force microscope
tip and a Cu(111) surface at bonding distances, the molecular rotational motion
is induced by torques due to van der Waals attraction and Pauli repulsion. As
a result, the vertical force exhibits a characteristic dip-hump evolution with the
molecule-surface separation, which depends sensitively on the initial tilt angle
the CO axis encloses with the microscope tip. The experimental force data are
reproduced by model calculations that consider the CO rotational motion in a
harmonic potential and the molecular orientation in the Pauli repulsion term of
the Lennard-Jones potential.

055 Monl0:30 P
First-principles study of the coexistence of a chemisorption and physisorp-
tion state of CO on Au(111) — «SVENJA M. IANKEl’Z and REINHARD J. MAURER?
— UInstitute of Advanced Studies, University of Warwick, Coventry, UK —
2Depar'[ment of Chemistry, University of Warwick, Coventry, UK
Accurate representation of the potential energy landscape for a molecule on a
metal surface is essential to model energy transfer between the molecule and the
surface, but not always straightforward. Recent experiments suggest the pres-
ence of a chemisorption and a physisorption state for CO adsorbed on Au(111).
Within the all electron electronic structure code FHI-aims, we survey several
approximations to Density Functional Theory for their ability to predict the ad-
sorption state of CO on Au(111). In agreement with previous theoretical obser-
vations for similar systems, we find that common generalized gradient approxi-
mation functionals with van-der-Waals correction lead to overbinding, with the
revised Perdew-Burke-Ernzerhof function with van-der-Waals correction com-
ing closest to experimental results. Our results lay the ground work to construct
a high-dimensional energy surface to study the nonadiabatic dynamics of car-
bonyl reactive scattering on Au(111).

056 Monl10:30 P
Moving azulene based molecules by STM: The role of dipole moment and
field effect — oTiMm Ki'JHNEl‘Z, KwaN Ho Au YEUNGI’Z, FRANK EISENHUTI’Z,
OUMAIMA AIBOUDI3, DMITRY RYNDYKZ, GIANAURELIO CUNIBERTIZ,
FraNziskA LisserL’, and FRANCEsCA Moresco' — !Center for Advancing
Electronics Dresden, TU Dresden, 01062 Dresden, Germany — 2Institute for
Materials Science, TU Dresden, 01062 Dresden, Germany — >Leibniz Institute
of Polymer Research, 01069 Dresden, Germany
Among the different mechanisms that can be used to drive a molecule on a sur-
face by the tip of a scanning tunneling microscope at low temperature, we used
voltage pulses to move azulene-based single molecules and nanostructures on
Au(111). Upon evaporation, the molecules partially cleave and form metallo-
organic dimers while single molecules are very scarce, as confirmed by simula-
tions. By applying voltage pulses to the different structures in similar conditions,
we observe that only one type of dimers can be controllably driven on the surface.
This has the lowest dipole moment of all investigated structures. Experiments at
different bias and tip height conditions reveal that the electric field is the main
driving force of the directed motion. We discuss the different observed struc-
tures and their movement properties with respect to their dipole moment and
charge distribution on the surface.

0O05.7 Monl10:30 P
LT-STM investigation of transmitting rotation between molecule-gears on
Au(111) — «KwaN Ho Avu YEUNGI’Z, Tim KﬁHNEl’Z, FRANK EISENHUTI’Z,
MICHAEL KLEINWACHTER® , YOHAN GISBERT® , ROBERTO ROBLES4, Nico-
LAS LORENTE4’5, GIANAURELIO CUNIBERTIZ, CHRISTIAN IOACHIMs, GWENAEL
RAPENNE3’6, CLAIRE KAMMERER3, and FRANCEScA Morgsco' — !Center for
Advancing Electronics Dresden, TU Dresden, 01062 Dresden, Germany —
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’Institute for Materials Science, TU Dresden, 01062 Dresden, Germany —
3CEMES, Université de Toulouse, CNRS, 31055 Toulouse, France — *Centro
de Fisica de Materiales CFM/MPC (CSIC-UPV/EHU), 20018 Donostia-San Se-
bastian, Spain — *Donostia International Physics center, 20018 Donostia-San
Sebastian, Spain — $Division of Materials Science, Nara Institute of Science and
Technology, 8916-5 Takayama, Ikoma, Nara 630-0192, Japan

The realization of a train of molecule-gears working under the tip of a scanning
tunneling microscope (STM) requires a stable anchor of each molecule to the
surface. Such anchor can be promoted by a radical state of the molecule in-
duced by a dissociation reaction. Our results reveal that such open radical state
at the core of star-shaped pentaphenylcyclopentadiene (PPCP) favors the an-
choring. Furthermore, to allow the transmission of motion by manipulation, in
our case, a tert-butyl group positioned at one tooth end of the gear benefits both
the tip-induced manipulation and the monitoring of rotation. With this opti-
mized molecular system, we achieve reproducible rotations of the single gears
and transmit rotations up to three interlocked units.

058 Monl10:30 P
Fusion of alkyl groups to form phenyl rings: a new on-surface reaction —
«AMOGH KINIKAR', MARCO D1 GIOVANNANTONIO', Josk IgNAcIO URrGEL',
KRisTJAN EIMREI, X1A0-YE WANGZ, Z1JIE QIUZ, AKIMITSU NARITAZ, Kraus
MULLEN?, PascAL RUFFIEUX', CARLO ANTONIO PIGNEDOLI', and RoMaN
FaseL! — 1Empa, Swiss Federal Laboratories for Materials Science and Tech-
nology, Ditbendorf, 8600, Switzerland — Max Planck Institute for Polymer Re-
search, 55128 Mainz (Germany)
On-surface synthesis allows for the design of carbon nanostructures such as
graphene nanoribbons with atomic precision. However, the variety of conceiv-
able structures critically depends on the number of available reactions. Here,
we present a new surface-assisted reaction allowing for the controlled fusion
of two alkyl groups to form a phenyl ring mediated by the activation of alkyl
C-H bonds under ultra-high vacuum conditions. Scanning tunneling and non-
contact atomic force microscopy images at different stages of the reaction along
with DFT simulations allow us to elucidate the reaction mechanism. Further-
more, we study the influence of surface templating by comparing the reaction on
Au(111) and Au(110). The selective formation of phenyl rings by the on-surface
fusion of alkyl groups is unprecedented, and introduces a powerful new motif for
the design of novel carbon nanomaterials while furthering our understanding of
the reactive nature of the alkyl C-H bonds.
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06.1 Mon10:30 P
Graphene as an effective template for tuning the structural and electronic
properties of organic-inorganic interfaces — ¢QIANKUN WANG, Brian D.
BAKER CORTES, JORIS DE LA RIE, MIHAELA ENACHE, and MEIKE STOHR —
Zernike Institute for Advanced Materials, University of Groningen, The Nether-
lands
Controlling the morphological and electronic properties of organic-inorganic
interfaces is essential for achieving efficient interface charge injection (or ex-
traction) and transport properties in for example (opto)electronic devices.
Here, we present a combined scanning tunneling microscopy and photoelectron
spectroscopy study on the adsorption of 5,10,15,20-tetra(4-pyridyl)porphyrin
(H2TPyP) on Cu(111) and graphene/Cu(111), respectively. Our experiments
showed that for submonolayer coverage, H2TPyP does not form ordered 2D ar-
rangements on Cu(111). Instead, the molecules adsorb randomly and adopt a
saddle-shape configuration. However, annealing at 430 K results in short-range,
ordered linear and triangular supramolecular arrangements stabilized by Cu-
coordination. In contrast, for H2TPyP on graphene/Cu(111) a self-assembled
2D network stabilized by H-bonding forms with unit cell dimensions a = 2.7
nm, b = 1.2 nm and angle = 78°. Furthermore, the work function increases from
3.8 eV for H2TPyP/Cu(111) to 4.1 eV for H2TPyP/graphene/Cu(111), result-
ing in a considerably different energy level alignment at the hybrid interface.
Our experiments demonstrate the feasibility of tuning organic-inorganic inter-
face properties by employing graphene as an intermediate layer.

062 Mon10:30 P
An organic electron donor on epitaxial graphene: the role of the metal sup-
port — ¢JORIS DE LA Rie!, MinaELA ENACHE', QIANKUN WANG!, WENBO LU',
MiLaN Kivara?, and MEike STOHR! — ! Zernike Institute for Advanced Mate-
rials, University of Groningen, Netherlands — *Institute for Organic Chemistry,
University of Heidelberg, Germany
Graphene has been the first of many 2D materials with excellent electronic prop-
erties which make it a material of great interest for future (nano)electronic de-
vices. Implementation of graphene in devices requires interfacing graphene with
other materials and tuning of the energy level alignment at the interface. The sup-
port on which graphene is placed affects its structural and electronic properties,
and further modification is possible through the deposition of thin molecular
films which have been shown to modify charge carrier type and concentration.
Furthermore, the effect the support has on graphene (corrugation and doping)
affects the molecular self-assembly and graphene-molecule interactions. Herein,
we compare the self-assembly of an organic triphenylene-based donor (HAT) de-
posited on graphene on two supports: p doped graphene physisorbed on Ir(111)
and n doped graphene chemisorbed on Ni(111). Using scanning tunneling mi-
croscopy and low energy electron diffraction we find that on both supports, HAT
molecules assemble in a hexagonal network commensurate with the graphene
lattice. We used X-ray and ultraviolet photoemission spectroscopy to study mod-
ifications of the electronic properties of graphene as well as intermolecular and
molecular-graphene interactions.
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063 Monl10:30 P
Adsorption Behavior of Benzohydroxamic Acid on Rutile TiO,(110) —
eJULIA KC’)BLl, ELMAR KATAEV! , DANIEL WECHSLERI, LisA-MARIE AUGUSTINI,
NATALIYA TSUDZ, STEFANO FRANCHIZ, HANS-PETER STEINRﬁCKl, and OLE
LYTKEN' — 1University of Erlangen-Niirnberg, Erlangen, Germany — “Elettra-
Sincrotrone Trieste, Trieste, Italy
Interfaces between organic molecules and oxide surfaces are present in many de-
vices, such as dye-sensitized solar cells and organic field-effect transistors. The
organic molecules are often covalently bonded to the oxide surface using spe-
cific anchor groups. Using synchrotron-radiation photoelectron spectroscopy,
we will focus on how one of these anchor groups, hydroxamic acid, interacts
with the rutile TiO,(110)-(1x1) surface as a function of coverage, temperature,
and deposition method. Hydroxamic acid is an interesting anchor group, be-
cause it is more stable than carboxylic acid, especially over a wide pH range, and
more resistant towards hydrolysis. Benzohydroxamic acid can be evaporated in-
tact in ultrahigh vacuum, and we will compare the behavior of both evaporated
and solution-deposited molecules. Supported by the DFG through FOR 1878
(funCOS).

064 Monl0:30 P
Chiral Recognition in the Self-Assembly of Trioxa[11]helicene on Metal Sur-
faces — *BAHAAEDDIN IRZIQATI, JaN BERGERI’Z, JESUS MENDIETA-MORENOZ,
MOTHUKU SHYAM SUNDAR®, AsHUTOSH V. BEDEKAR!, and Karr-HEINZ
Ernst"? — !Surface Science and Coating Technologies, Swiss Federal Labo-
ratories for Materials Science and Technology (EMPA), Diibendorf, Switzerland
— ?Nanosurf Laboratory, Institute of Physics, The Czech Academy of Sciences,
Prague, Czech Republic — >Institute of Organic Chemistry and Biochemistry,
The Czech Academy of Sciences, Prague, Czech Republic — *Department of
Chemistry, The Maharaja Sayajirao University of Baroda, Vadodara, India
Chiral molecules adsorbed on metal surfaces have promising properties for ap-
plications in devices based on organic materials, such as chiroptical sensors or
electron-spin filters. For this purpose, the two-dimensional (2D) crystalliza-
tion of trioxa[11]helicene (TO[11]H) on the single crystalline (100) surfaces
of Ag and Cu have been studied using scanning probe microscopy techniques
(STM/nc-AFM) assisted by molecular dynamics simulations. In similarity to
previously reported 2D-crystallization of heptahelicene ([7]H) on Ag(100) and
Cu(100) [1,2], TO[11]H on Ag(100) shows a transition from homochiral struc-
tural motifs to large heterochiral domains with increasing coverage, whereas on
Cu(100), enantiopure mirror domains, forming a 2D conglomerate structure,
are observed.

06.5 Monl10:30 P
Layer stability of porphyrin molecules on TiO2(110) — «MAXIMILIAN MUTH,
ALEXANDER WOLFRAM, ELMAR KATAEV, JuLiA KOBL, HANS-PETER STEINRUCK,
and OLE LyTKEN — Lehrstuhl fiir Physikalische Chemie I, Friedrich-Alexander
Universitit Erlangen- Niirnberg, Germany
Understanding the adsorption properties of organic molecules to substrate sur-
faces is of essential importance for applications. Typically, the adsorption energy
of a smaller molecule to a surface can be determined by TPD. However, for large
organic molecules only desorption of the multilayers is possible while the bot-
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tom monolayer in direct proximity to the surface cannot be desorbed without
decomposition. But usually, especially the adsorption energies of these directly
adsorbed molecules are the ones of the most interest. To overcome this prob-
lem we use a method including XPS with which we can determine the binding
strength of differently metalated tetraphenyl porphyrins to a rutile TiO2(110)
surface comparatively to each other. Therefore, a layer exchange between two
differently metalated tetraphenyl porphyrins with subsequent desorption of the
multilayers is caused by an annealing ramp. The composition of the residual
monolayer is investigated by XPS. By using the ratios of the two porphyrins in
the residual monolayer, we can estimate the difference in binding energy be-
tween the two porphyrins over a calculation of the equilibrium constant of the
layer exchange process.

06.6 Mon10:30 P
Adsorption energies of metalloporphyrins on MgO(100) — <ALEXANDER
WOLFRAMI, QURATULAIN TARIQI, CYNTHIA FERNANDEZZ, BERND MEYER3,
DANIEL WECHSLERI, MATTHIAS FRANKEI, HANS-PETER STEINRﬁCKI, FED-
ERICO WILLIAMS?, and OLE LyTkEN' — !Lehrstuhl fiir Physikalische Chemie 2,
Friedrich-Alexander Universitit Errlangen-Niirnberg, GER — “Departamento
de Quimica Inorganica, Analitica y Quimica Fisica, Universidad de Buenos
Aires, Ciudad Universitaria, ARG — 3ICMM/CCC, Friedrich-Alexander-
Universitit Erlangen-Niirnberg, GER
Adsorption energies of large organic molecules on surfaces are often not well
known. Experimentally, the large molecules are prone to decomposition before
desorption, often ruling out desorption-based techniques. Theoretically, van der
Waals interactions, which dominate the interactions between the molecules and
the surface, are still challenging. However, for tetraphenylporphyrin adsorbed
on MgO(100) desorption of the monolayer is possible, and, using simple Red-
head analysis, we have extracted the desorption energies of cobalt, zinc, and
magnesium tetraphenylporphyrin. Redhead analysis requires the prefactor for
desorption to be known, and we have estimated this prefactor by a combina-
tion of transition-state theory and experimentally-derived prefactors from mul-
tilayer desorption. The resulting desorption energies are in good agreement with
density functional theory calculations. Somewhat unexpectedly, CoTPP exhibits
the lowest desorption energy and MgTPP the highest. We suggest the different
oxophilicities of the metal centers to be the reason for the trend in adsorption
energy.

06.7 Monl10:30 P
Structural Investigation of Caffeine Monolayers on Au(111) — MaLTE G.H.
SCHULTEI’Z, ANDREAS ]EINDL3, *JULIAN A. HOCHHAUSI, IsmAIL BALTACII’Z,
Marie Scamrtz"?, ULk BerGes!?, Oriver T. HorMANN®, and CARSTEN
WestpHALY? — 1Experimentelle Physik 1, TU Dortmund, Otto-Hahn-Str. 4,
D-44227, Dortmund, Germany — ’DELTA, TU Dortmund, Maria-Goeppert-
Mayer-Str. 2, D-44227, Dortmund, Germany — >Institut fiir Festkorperphysik,
NAWTI Graz, Technische Universitit Graz, Petersgasse 16, A-8010 Graz
In this study, we investigate caffeine monolayers on Au(111). The asymmetric
and achiral structure of the caffeine molecule leads to two surface chiralities,

which influence the crystal growth of caffeine. Knowledge of these structural
properties is of interest because of the in- fluence of caffeine on the human cen-
tral nervous system.

Low-energy electron diffraction (LEED), scanning tunneling microscopy
(STM), and X-ray photoelectron spectroscopy (XPS) were used to determine
the structure of adsorbed caffeine. Additionally performed density functional
theory (DFT) calculations allowed a conclusive interpretation of the results. We
observed that the caffeine molecules adsorbed in a quasi-hexagonal formation
resembling the high-temperature a phase and comprising two domains. The
DFT calculations suggest a unit cell containing three molecules. The theoreti-
cally calculated structure is in excellent agreement with the experimentally mea-
sured LEED, STM and XPS data. The results are published in Phys. Rev. B 101,
245414 (2020).

06.8 Monl10:30 P
Validation of the inverted adsorption structure for free-base tetraphenyl por-
phyrin on Cu(111) — PauL TP RYANI’Z, PaurLA LABORDA LALAGUNA1’3, FELIX
HAAG4, Mona M BRAIMS, PENCHENG DING® ’6, Davip | PAYNEZ, JOHANNES V
BARTH4, TiEN-LIN LEEl, D PHIL WOODRUFFS, FRANCESCO ALLEGRETTI4, and
«Davip A Duncan' — 'Diamond Light Source, Didcot, UK — “Imperial Col-
lege London, UK — 3University of Glasgow, UK — #Technical University of Mu-
nich, Germany — °University of Warwick, Coventry, UK — SHarbin Institute of
Technology, China
Utilising normal incidence X-ray standing waves we rigourosly scrutinised the
“inverted model” as the adsorption structure of free-base tetraphenyl porphyrin
on Cu(111). We demonstrate that the iminic N atoms are anchored at near-
bridge sites on the surface, displaced laterally by 1.1*0.2A in excellent agreement
with previously published calculations, thus confirming that this unusual struc-
ture is indeed present on the surface.

069 Monl10:30 P

Fabrication of high-quality 2-dimensional material single crystal nanorib-
bon networks — «MUHAMMAD AwAIS ASLAM', MARKUS KRATZER', CHRIs-
TIAN TEICHERTI, RauL Davip RODRIGUEZz, and ALEKSANDAR MaTkovié! —
'Institute of Physics, Montanuniversitit Leoben, Leoben, Austria — *Tomsk
Polytechnic University, Tomsk, Russia
We demonstrate an approach to synthesize 2D material nanoribbon networks.
The epitaxially grown organic nanostructures align predominantly in either zig-
zag or armchair orientation on 2D materials. 1,2 This study demonstrates their
usage as a mask. These hybrid heterostructures are plasma etched to form single
crystal nanoribbon networks. Raman spectroscopy and atomic force microscopy
are employed to verify the quality of the ribbons. Our method opens up a new
avenue for straightforward production of 2D material nanoribbon networks on
scales relevant to electronic applications. Their high edge-to-surface ratios will
also be of technological relevance for the development of future light and chem-
ical sensors.

1.Kratzer, Teichert, 2016. Nanotechnol. 27, 292001.

2.Kratzer, Matkovic, Teichert, 2019 LPD, 52,383001.
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071 Monl10:30 P
Diffusion of oxygen atoms on a highly CO-covered Ru(0001) surface —
eHANNAH ILLNER, ANN-KATHRIN HENSS, and JoosT WINTTERLIN — Chemie
Department, Ludwig-Maximilians-Universitdt Miinchen, Deutschland
It was recently shown that oxygen atoms on a Ru(0001) surface covered with 0.33
monolayers (ML) of coadsorbed CO could travel through the CO layer by means
of a new diffusion mechanism (Henf$ et al., Science 2019). The term "door-
opening mechanism" indicated that the diffusion of the O atoms was facilitated
by fluctuations in the CO layer that frequently opened low-energy paths for the
oxygen. Here we report about investigations at higher CO coverages (0.50 ML).
The experiments were performed between 239 and 280 K by means of a variable-
temperature, high-speed STM that achieves imaging rates of up to 60 frames per
second. In the investigated temperature range an ordered (23 x 2v3)R30° CO
structure, which was observed at 70 K, had undergone on order-disorder tran-
sition. The trajectories of the O atoms through the disordered CO layer were
analyzed, and hopping frequencies and an activation energy were extracted. It
turned out that the surface diffusion of the O atoms was even faster than at the
lower CO coverage and also faster than on the bare surface. We explain this find-
ing by the weakened binding strength of the O atoms to the surface caused by
CoO.

21
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072 Monl10:30 P
Kinetic Monte Carlo simulations of methane and higher oxygenate synthe-
sis over Rh-based catalysts — MARTIN DeiMeL', HECTOR PrATS GARCIAZ,
«MICHAEL SEIBT', KARSTEN REUTER"?, and M1 AnDERsEN! — !Chair for
Theoretical Chemistry, Technical University of Munich, Garching, Germany
— ?Department of Materials Science and Physical Chemistry, University of
Barcelona, Spain — 3Fritz Haber Institute of the Max Planck Society, Berlin,
Germany
The kinetic Monte Carlo method (KMC) is a powerful tool for microkinetic
modeling of heterogeneous catalysis since it provides a statistically correct de-
scription of fluctuations and correlations in the coverage and binding sites of
adsorbates and allows to take into account lateral interactions between the ad-
sorbates through e.g. cluster expansion methods [1]. However, simulations can
become computationally demanding through complexity in the lateral interac-
tions or when processes with highly disparate timescales are present [2]. Here we
present some new implementations in our in-house KMC code kmos aimed at
tackling these challenges and apply these to a highly complex reaction network
involving methane and higher oxygenate synthesis over Rh-based catalysts. We
carefully analyze how lateral interactions affect the effective barriers in the re-
action network and show that their inclusion can lead to mechanistic changes
regarding the preferred reaction pathways.

[1] M. Andersen et al., Front. Chem. 7, 202 (2019)
[2] M. Andersen et al., ]. Chem. Phys. 147, 152705 (2017)



Surface Science Division (O)

Monday

073 Monl10:30 P
Active Site Representation in First-Principles Microkinetic Models: Data-
Enhanced Computational Screening for Improved Methanation Catalysts —
eMARTIN DEIMEL!, KaRSTEN REUTERY?, and MIE ANDERSEN! — !Chair for
Theoretical Chemistry, Technical University of Munich, Garching, Germany —
2Fritz Haber Institute of the Max Planck Society, Berlin, Germany
In heterogeneous catalysis first-principles microkinetic models have largely con-
tributed to our trend understanding of transition metal (TM) and TM alloy cat-
alysts. Within prevalent screening approaches, the computational costs are kept
tractable through the use of reductionist models that only resolve a minimal
amount of active site motifs at the surface. This reduces the required input to
only a few adsorption energies of key reaction intermediates, while the predic-
tive power might be jeopardized. Here, we scrutinize this common practice by
systematically comparing the screening predictions for the CO methanation re-
action when using microkinetic models that resolve an increasing number of
sites at stepped TM and binary TM alloy catalysts. The excessive amount of
predictive-quality adsorption energetics required is obtained from a compressed
sensing descriptor that once trained provides these data for a new material from
a single DFT calculation of the clean surface.l'! We show that the explicit con-
sideration of hitherto neglected steF and terrace sites yields new mechanistic
insights and highly active materials. 2

[1] M. Andersen et al., ACS Catal. 9, 2752 (2019)
[2] M. Deimel et al., ACS Catal. 10, 13729 (2020)

074 Monl10:30 P
The Water Forming Reaction on Palladium Nanoparticles Studied by Kelvin
Probe Force Microscopy — ALl EL BARRAJ, BAPTISTE CHATELAIN, and
*CLEMENS BARTH — Aix-Marseille University, CNRS, CINaM, 13288 Marseille,
France
The adsorption of atomic or molecular species on metal nanoparticles (NP), the
absorption of atomic species like carbon, hydrogen or oxygen inside NPs and
chemical reactions at NPs are of key interest in heterogeneous catalysis. Such
phenomena strongly depend on the NP*s size and shape so that a characteri-
zation at the single NP level is desired. A solution is to use Kelvin probe force
microscopy (KPFM) and noncontact AFM (nc-AFM) in UHV. Because adsorbed
or absorbed species almost always create a surface dipole, their presence can be
directly put into evidence by measuring the change of work function (WF) of the
NP as recently demonstrated with oxygen and PANPs [1].

In this contribution, we show that KPFM can be used to monitor the O+H wa-
ter forming reaction on PANPs, which is of general importance in astrophysics
and for fuel cells. We discuss the reaction itself but also phenomena, which in-
volve possible subsurface oxygen creation and carbon de-activation.

[1] Gronbeck, H.; Barth, C. J. Phys. Chem. C 2019, 123, 24615-24625.

075 Monl10:30 P
What we can learn from pushing atoms around: Design of experiment ap-
proach to support effects in heterogeneous catalysis — FREDERIC FELSEN,
KARSTEN REUTER, and CHRISTOPH SCHEURER — Fritz-Haber-Institut, Berlin,
Germany
Intricate interface structures are characteristic for most commonly employed
heterogeneous catalysts in industrial applications. Understanding concomitant
surface effects is key for a rational improvement and design of future catalysts.
Electronic and steric effects of the support material on presumably active metal
particles have been shown to interfere with scaling relations for the estimation
of adsorption energies in multi-component catalysts[1]. This implies severe lim-
itations for many established screening approaches and points to the need for
suitable descriptors in more complex systems.

We present an approach to efficiently characterize solid-solid interface struc-
tures by a well defined set of single-point DFT calculations. Instead of brute
forcing a full structural relaxation of the complex interface structure we actively
introduce geometric distortions using statistical experimental design and eval-
uate the resulting changes in electronic properties. Encoding information on
elementary distortions in a system-specific fingerprint, we introduce a descrip-
tor capable of capturing the main support effects. As a first test case geometric
distortions are applied to thin metal films supported on alkaline earth metal ox-
ides.

[1] P. Metha et al., ACS Catal. 7, 4707 (2017).

076 Monl10:30 P
A highly sensitive gas chromatograph for operando STM of catalytic
reactions — eKATHARINA MARIA DURNERI, BERNHARD BC')LLERI, GUN-
TER STIENEN’, and JoosT WINTTERLIN' — !Chemie Department, Ludwig-
Maximilians-Universitit Miinchen, Deutschland — 2s+H Analytik GmbH,
Ménchengladbach, Deutschland
Operando STM experiments of catalytic reactions can provide direct correlations
between surface structure elements as possible active sites and catalytic activity.
However, a major experimental difficulty is the extremely low product concen-
trations that result from the small size of the single crystal model catalysts and the
usually relatively large volumes of STM cells. We present a special gas chromato-
graph (GC) that has been developed to solve this problem. The setup combines
a common GC with a specially designed injection unit. Gas samples, produced
at typical experimental pressures between 100 mbar and 1 bar, are compressed
to the working pressure of the GC column. In the column the gas samples are
condensed in a liquid nitrogen-cooled trap from which they evaporate during
the temperature program. In this way the gas sample volumes are strongly en-
hanced without causing peak broadening. The GC has been used in operando
STM experiments on the Fischer-Tropsch synthesis. Hydrocarbons from C1 to
C4 produced well separated peaks, and a detection limit of 0.45 ppb was reached.

0 8: Poster Session I: Solid-liquid interfaces: Structure, spectroscopy
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081 Mon10:30 P
Interface Composition of Pure and Mixed Ionic Liquid Films on Metal
Surfaces — STEPHEN MassicoT!, TOMOYA SASAKI’, MATTHIAS LEXow',
SUNGHWAN SHINI, FLORIAN MAIERI, Susumu KUWABATAZ, and HANS-PETER
STEINRUCK' — 'Lehrstuhl fiir Physikalische Chemie 2, Friedrich-Alexander-
Universitit Erlangen-Niirnberg, Germany — “Department of Applied Chem-
istry, Graduate School of Engineering, Osaka University, Japan

Tonic liquids (ILs) are salts with melting points below 100°C and extremely low
vapor pressure. Thin films of ILs are of utmost interest in potential applications,
e.g. in the fields of catalysis and electrochemistry. In this context, we investi-
gate mixed ultrathin films of two ILs on metal surfaces. The molecular com-
position of the IL/solid and IL/vacuum interfaces is studied by angle-resolved
and temperature-programmed X-ray photoelectron spectroscopy on the molec-
ular scale. We observe phenomena of ion exchange and preferential enrichment
at the interfaces, and selective desorption which opens pathways for on surface
formation of new ILs by metathesis at IL/metal interfaces. In particular, we ad-
dress mixtures of the protic IL diethylmethylammonium trifluoromethanesul-
fonate ([dema][TfO]) and the aprotic IL 1-methyl-3-octylimidazolium hexaflu-
orophosphate ([C8C1Im][PF6]).

Supported by the European Research Council (ERC) through an Advanced
Investigator Grant (ILID 693398) to HPS.

082 Monl10:30 P
bias- and concentration- dependent switching of supramolecular nanostruc-
tures at the solid-liquid interface — «BaoxIN IIAI, MIHAELA ENACHEI, SAN-
DRA MIGUEZ—LAGOZ, MILAN KIVALAZ, and MEIKE STOHR! — ! Zernike Institute
for Advanced Materials, University of Groningen, Netherlands — Institute of
Organic Chemistry, University of Heidelberg, Germany
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Research into the controlled switching between different molecular phases at
the solid-liquid interface induced by an external trigger has gained increas-
ing attention over the past years, also in view of application as smart surfaces.
Here we discuss the bias- and concentration-dependent switching of a carboxy-
functionalized triarylamine derivative at the HOPG/nonanoic interface studied
by scanning tunneling microscopy. For a fully saturated solution, a porous phase
(chickenwire) was observed for negative sample bias and a close-packed phase
was observed for positive sample bias. For a 50% saturated solution, a second
porous phase (flower) coexisted with the chickenwire phase at negative sample
bias, while the close-packed phase was still observed at positive sample bias. For
a 20% saturated solution, the two porous phases and the close-packed phase co-
existed at positive sample bias because of the low molecule concentration in the
solution. By changing the sample bias from negative to positive, an electric field-
induced phase transition from the porous phases to the close-packed phase was
accomplished, which was fully reversible by changing the bias back. Our study
demonstrates that switching can be accomplished by changing the polarity of the
applied external electric field.

083 Monl0:30 P
Stability and Exchange Processes in Ionic Liquid/Porphyrin Composite Films
on Metal Surfaces — eMATTHIAS LEXOW, STEPHEN MASSICOT, FLORIAN
MAIER, and HANS-PETER STEINRUCK — Lehrstuhl fiir Physikalische Chemie
II, Friedrich-Alexander-Universitat Erlangen-Niirnberg, Egerlandstr. 3, 91058
Erlangen
In the context of organic-organic multicomponent heterostructures on metals,
we studied prototypical composite systems of ultrathin porphyrin and ionic lig-
uid (IL) films on metallic supports — Ag(111) and Au(111) - by means of angle-
resolved X-ray photoelectron spectroscopy under well-defined ultrahigh vac-
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uum conditions. After deposition of an IL on top of a monolayer of porphyrin,
we observe changes in the growth behavior and thermal stability of the IL com-
pared to deposition directly on the metals. Upon adsorption of a porphyrin layer
on top of a frozen IL film at around 90 K, the porphyrin molecules replace the
IL at the IL/metal interface upon heating above 240 K, a process likely driven
by a larger adsorption energy of the porphyrin molecules on the Ag(111) and
Au(111) surfaces.

Supported by the European Research Council (ERC) through an Advanced
Investigator Grant to HPS (No. 693398-ILID).

Lexow et al., J. Phys. Chem. C, 2019, 123, 29708.

084 Monl10:30 P
Chemistry and phase transition of pyridine derivatives on a gold electrode
probed by vibrational sum frequency generation — XIN GoNG', MARTIN
Worr!, R. KRAMER CaMPEN', and sYujin Tong"? — !Fritz-Haber-Institut der
Max-Planck-Gesellschaft, 14195 Berlin, Germany — 2Fakultit fiir Physik Uni-
versitdt Duisburg-Essen, 47057 Duisburg, Germany
Pyridine and its derivatives are of both practical and fundamental importance
in electrochemistry. While the flat to vertical phase transition has been exten-
sively studied and well understood, knowledge on the deprotonation and pro-
tonation chemistry at the electrode/solution interface in aqueous solution is
still very limited. In the current study, we employed vibrational sum frequency
generation (VSFG) to monitor both the structral and chemical evolution of 4-
(dimethylamino)pyridine (DMAP) adsorbed on a gold electrode as a function
of external bias. Significant spectral changes are observed as a function of the
applied bias voltage in the cyclic voltammetry. These features can be unambigu-
ously assigned to the protonation/deprotonation and orientational changes re-
spectively. The information revealed by this study is essential for the application
of pyridine derivatives in nanoparticle manipulation, enhancement of CO, re-
duction, formic acid electro-oxidation, etc.

085 Monl10:30 P
Water structure at Pb(100) and (111) surfaces studied with the interface
force field — «OSKAR CHEONGI’S, MicHAEL H. EIKERLINGI’Z, and ProTr
M. Kowarski"? — 1Theory and Computation of Energy Materials (IEK-13),
Forschungszentrum Jiilich, 52425 Jiilich, Germany — 2Jiilich Aachen Research
Alliance, JARA-CSD and JARA-ENERGY, 52425 Jiilich, Germany — 3Chair of
Theory and Computation of Energy Materials, Faculty of Georesources and Ma-
terials Engineering, RWTH Aachen University, 52062 Aachen, Germany
The activity and selectivity of vital electrochemical reactions such as the oxygen
evolution reaction or the CO2 reduction reaction strongly depend on the solvent
structure at the metal-electrolyte interface. In this realm, ab initio as well as clas-
sical molecular dynamics (AIMD and CMD) simulations are harnessed to study
the structure and dynamics of water at metal surfaces. AIMD provides high ac-
curacy but is restricted to short time- and length-scales. CMD allows simulating
larger scales. However, the accuracy of CMD depends on the force field applied
to describe interatomic interactions. We present results of CMD investigation
of water structures on Pb metal surfaces performed with the interface force field
[1]. On comparable time- and length-scales, AIMD water structures were repro-
duced. However, on much larger scales CMD yields different, more stable and
better equilibrated water structures [2]. This clearly shows the large potential of
CMD for efficient statistical sampling of atomic structures at the interfaces. [1]
Heinz et al., Langmuir. 29, 1754 (2013). [2] Cheong et al. submitted (2021).

086 Mon10:30 P
Solving Catalyst Degradation: Platinum Stability for Fuel Cell Operation
— «FRANCESC VALLS Mascaré!, Marc T. M. Koper!, and MARCEL J. Rost?
— Leiden Institute of Chemistry, Leiden University — >Huygens-Kamerlingh
Onnes Laboratory, Leiden Institute of Physics, Leiden University
The longevity of a catalyst plays a crucial role for many industrial scale applica-
tions. Platinum is the best candidate to be used in electrochemical energy con-
version systems due to its high activity. However, platinum suffers from degra-
dation during fuel cell operation. This degradation is caused by the nucleation
and growth of nanoislands, which roughen the surface [1, 2]. It is known that
the extend of this roughening can be tuned by including additives, changing the
electrolyte pH or working within different potential windows [3, 4]. In this work,
we study the degradation of different platinum stepped surfaces under potential
cycling to oxidative potentials. Interestingly, we quantify significantly less degra-
dation for the surfaces with shorter terraces: Pt(111) > Pt(15 15 14) > Pt(554).
We present here a model that explains this trend, in which steps act like sinks for
both adatoms and vacancies, slowering down the nucleation and growth of the
mentioned nanoislands. Finally, we do not observe roughening at all for plat-
inum surfaces with only four atoms terrace width: Pt(553) and Pt(533).

[1] Jacobse, L. et al., ACS Cent. Sci. 5 (12), 1920 (2019)
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[2] Rost, ML]. et al., Nat. Commun. 10, 5233 (2019)
[3] Topalov, A. et al., J. Chem. Sci., 5, 631 (2014)
[4] Ruge, M. et al., J. Am. Chem. Soc., 139, 4532 (2017)

087 Monl10:30 P
TiO,(110) in Liquid Water, Air, and Solution — «JaN Barajkal?, MELIssA
HINESZ, WILLIAM DEBENEDETTIZ, JIrRI PAVELECI, MICHAEL SCHMIDI, and UL-
RIKE Diesorp! — !Institute of Applied Physics, TU Wien, Vienna, Austria —
’Department of Chemistry and Chemical Biology, Cornell University, Ithaca N,
USA
Our understanding of metal oxide surface chemistry arises from studies under
highly idealized ultrahigh vacuum (UHV) conditions, that cannot be extrapo-
lated to the complex reaction environments of real industrial processes. Material
properties, such as chemical reactivity, are determined by the nature of individ-
ual surface sites and thus related to the detailed atomic configuration. Yet, the
interfacial structure under application conditions remains largely unexplored.

I will review our work on the prototypical TiO,(110) surface in ambient and
aqueous environments. Using a UHV-compatible dispenser of ultrapure liquid
water, we demonstrated that the TiO,(110) surface is not altered upon contact
with clean liquid water. However, when exposed to air, low-concentration atmo-
spheric species, such as carboxylic acids, adsorb with high affinity and form an
ordered overlayer at the surface, effectively passivating the undercoordinated Ti
surface sites.[1]

I will further discuss a chemical functionalization of the TiO,(110) surface
by a monolayer of terephthalic acid (1,4-benzenedicarboxylic acid) deposited
from solution and intended to serve as a growth template for three-dimensional
metal-organic networks (MOFs).

[1] J. Balajka, et. al., Science 361, 786 (2018)

088 Monl0:30 P
How surface oxides determine the activity of Mo,C electrocatalysts —
«CHRISTOPH GRIESSERI, Haoso L12, EvA-MARIA WERNIGI, DANIEL WINKLERI,
Davip EGGER“, CHRISTOPH SCHEURER2’3, KARSTEN REUTER“, and JuLiA
Kunze LIEBHAUSER' — 1Departmen‘[ of Physical Chemistry, Universitit Inns-
bruck, Austria — “Chair of Theoretical Chemistry and Catalysis Research Cen-
ter, Technische Universitdt Miinchen, Germany — 3Fritz-Haber-Institut der
Max-Planck-Gesellschaft, Berlin, Germany
Transition metal (TM) compounds are widely applicable as materials in hetero-
geneous catalysis, due to their compositional and structural diversity. TM car-
bide compounds are praised as electrocatalysts for the CO, reduction reaction
(CO,RR), due to a possible break of key adsorption energy scaling relations,
predicted by density-functional theory studies. Mo,C was classified as highly
suitable for the CO,RR in an active-site computational screening study. Here we
assess the activity of hexagonal Mo, C towards the CO,RR in aqueous electrolyte
by a multimethod experiment and theory approach. We find, that an ultrathin
oxide film persists at the surface of this catalyst material and completely sup-
presses any CO,RR activity. The one monolayer thin oxide films are stable down
to -1.9 Vgyg, and exclusively the hydrogen reduction reaction is found to take
place. This points to the necessity of considering the true interface, forming
under operando conditions, in computational screenings for catalyst materials.
Preliminary experiments performed under protection of Mo, C from ambient air
in non-aqueous electrolyte indeed reveal CO,RR activity.

089 Monl10:30 P
Hydration of Polyvinyl Alcohol Surfaces Mediated by Ammonia — TAKAHIKO
IKARASHII, TAKUMI YOSHINol, NAoOKI NAKA]IMAI, Kazuk1 MIYATAI, KEISUKE
Mivazawa!, *YGOR MORAIS ]AQUESZ, ApaM S. FosTEr?, MEGUMI UNO’,
CHIkAKO TaKATOH’, and TakEesHI Fukuma' — !Kanazawa University, Japan
— 2Aalto University, Finland — SEBARA Corporation, Japan
Chemical mechanical planarization (CMP) is a process that smooths silicon
wafers surface for their efficient use in electronics. This procedure results in
the surfaces being covered by silica nanoparticles. An effective way of remov-
ing these debris is by scrubbing polyvinyl alcohol (PVA) brushes on the wafer’s
surface in an aqueous solution. However, this can cause cross-contamination be-
tween wafers due to debris adhesion into the PVA surface. Thus, for an optimal
technical setup, the interactions between silica nanoparticles and PVA as well
as PVA’s hydration in different liquids have to be properly addressed. Here, we
investigate the hydration of PVA in NH; aq. and pure water. Using atomic force
microscopy, we found that the adhesion force between a silica tip and a PVA sur-
face in NHj; aq. is drastically reduced when compared to the system immersed
in water. Using molecular dynamics simulations, we have found that this hap-
pens because the NH; molecules perturb the hydrogen bond networks formed
between water and the PVA hydroxyl groups, promoting faster interactions and
diffusion. This central role of ammonia in the inhibition of nanoparticle adhe-
sion can further improve post CMP cleaning processes.
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09.1 Mon10:30 P
Deterministic quantum mechanics: simulation of chemical reactions —
*IRMGARD FRANK — Leibniz University Hannover, Hannover, Germany
Roberto Car and Michele Parrinello had the great idea to describe electronic
structure using the Schrodinger equation and nuclear motion using Newton dy-
namics. Over the years it turned out, that with this approach it is possible to
describe arbitrary chemical reactions. We observe classical chaos: Starting from
identical initial conditions, we will always get the same reaction pathway. If, how-
ever, slightly changing the initial conditions, it is possible to observe completely
different reactions. Both electronic cloud and nuclear positions are moved using
differential equations, hence we have very clearly a deterministic picture. The
general idea is similar to Bohm mechanics, with the difference that we use clas-
sical Newton dynamics for the nuclei instead of a guiding equation. An apparent
difference is that there is no zero-point energy in nuclear motion. This facilitates
the description of potential energy surfaces and of motion on these surfaces.

092 Mon10:30 P
How to train a Gaussian Approximation Potential for metal oxides: A
three stage process towards fast surface sampling — ¢CARSTEN StAACKE"?,
JAKOB TIMMERMANN"?, YoNGYHUK Lee!?, CHRIsTOPH SCHEURER'?, and
KARSTEN REUTER" — !Fritz-Haber-Institut der MPG — *Technische Univer-
sitdt Miinchen
Surface orientation and termination play a decisive role for the chemical and
physical behavior of catalysts and functional materials. Ab initio thermodynam-
ics comparing the stability of different density-functional theory computed trial
structures has emerged as a standard tool to determine surface structures under
working conditions. However, limited by the high computational cost, these trial
structures are up to now typically derived manually, reflecting the researcher’s
ability to imagine possible structural models. Efficient and accurate machine-
learned (ML) interatomic potentials promise to replace this state-of-the-art by
systematic global optimization methods. To this end, we have developed a pro-
tocol to train short-ranged ML potentials for metal oxides based on the Gaus-
sian Approximation Potential and Smooth Overlap of Atomic Positions (SOAP)
descriptors to capture atomic environments.[1,2] We will present a systematic
three-stage training process. For various rutile type metal oxides the role of all
three stages will be exemplified and critically evaluated. [1] J. Timmermann et
al., Phys. Rev. Lett. 125, 206101 (2020). [2] A.P. Bartok et al., Phys. Rev. Lett.
104, 136403 (2010).

093 Mon10:30 P
Biaxial atomically resolved force microscopy based on a qPlus sensor op-
erated simultaneously in the first flexural and length extensional modes —
«DOMINIK KIRPALI, JINGLAN QIUI’Z, KORBINIAN PURCKHAUERI, ALFRED J.
WEYMOUTHI, MICHAEL METZI, and FrRANZ J. GiessiBL' — !Institute of exper-
imental and applied physics, University of Regensburg, Regensburg, Germany
- 2College of Physics and Hebei Key Laboratory of Photophysics Research and
Application, Hebei Normal University, Shijiazhuang, Hebei, China
In frequency-modulation atomic force microscopy typically the tip is driven to
oscillate vertically, giving a measure of the vertical force component. However,
for many systems the lateral force component of force provides valuable informa-
tion about the sample. Measuring lateral and vertical force components simulta-
neously by oscillating vertically and laterally has so far only been demonstrated
with relatively soft silicon cantilevers and optical detection. Here, we show that
the qPlus sensor can be used in biaxial mode with electrical detection by making
use of the first flexural mode and the length extension mode. We describe the

Location: P

necessary electrode configuration as well as the electrical detection circuit, and
compare the length extension mode to the needle sensor. Finally, we show atomic
resolution in ambient conditions of a mica surface and in ultra-high vacuum of
a silicon surface. With this, we show how any qPlus AFM setup can be modified
to work as a biaxial sensor, allowing two independent force components to be
recorded.

094 Mon10:30 P
Design of an IRAS Setup to Investigate Adsorbates on Metal-Oxide Sin-
gle Crystals — «DAvID RATH, JiRI PAVELEC, GARETH PARKINSON, MICHAEL
ScHMID, and ULRIKE DIEBOLD — Institut fiir Angewandte Physik, Technische
Universitdt Wien, A-1040 Wien, Austria
The IRAS system GRISU (GRazing incident Infrared absorption Spectroscopy
Unit) was developed for investigations in the research field of single atom cataly-
sis [1]. It combines the commercially available FTIR spectrometer Bruker Vertex
80v with an UHV chamber [2]. GRISU features five mirrors for beam guidance
placed in HV and UHV environment. The development was concentrated to
optimise the system’s performance, flexibility and usability resulting in a small
controllable focal-spot diameter (3 mm) on the sample, different optical aper-
tures, and motorised optical components. 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 (@ 6 mm)
after the IR source in the FTIR spectrometer reaches the detector after being
reflected from the molecular beam spot on the sample. Compared to a commer-
cially available system with two parabolic mirrors with a focal length of 500 mm,
this is higher by a factor of about 60. All the optical components are mounted
precisely in respect to each other to ensure the high performance requirement
also after long term use.

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

09.5 Mon10:30 P
Vienna Package for TensErLEED: A new environment for analysis and cal-
culation of LEED I(V) data — <FLORIAN KRAUSHOFER!, MICHAEL SCHMID',
TiLMAN KISSLINGERZ, ULRIKE DieBoLD! ,Lutz HAMMERZ, and MICHELE Riva®
— 'TU Wien, Vienna, Austria — “FAU Erlangen-Niirnberg, Erlangen, Germany
Low-Energy Electron Diffraction (LEED) is a structure-sensitive technique com-
monly available in most surface science laboratories. Beyond the usual applica-
tion as a tool to determine periodicity and degree of order of a surface phase, the
method also gives access to the surface’s crystallographic structure via a quan-
titative analysis of the modulation of beam intensities as a function of electron
energy (LEED I(V)). This, however, requires complex full-dynamical intensity
calculations as well as a time-consuming optimization of structural parameters
minimizing the deviation between experimental and calculated I(V) curves. The
Erlangen program package TensErLEED [1] readily performs this task, but its
required user input is almost prohibitively complex.
We show that for most cases, the necessary TensErLEED input can be generated
automatically by combining a handful of user parameters and a structure file in
a standard format. Based on this, we introduce the new "Vienna Package for
TensErLEED" (ViPErLEED), which greatly simplifies the code application and
substantially reduces the amount of work and potential for errors, even for ex-
perienced users. The package is completed by a versatile utility for extracting
experimental I(V) spectra from a LEED video or stack of images.
[1] V. Blum, and K. Heinz, Comput. Phys. Commun. 134, 392 (2001).

0 10: Poster Session I: Topological insulators

Time: Monday 10:30-12:30

010.1 Mon10:30 P
Topologization of beta-antimonene on Bi2Se3 via proximity effects —
«KRIS HOLTGREWEI, CONOR HOGANZ, and SIMONE SaNNA! — 1Justus—Liebig—
Universitit, Gielen, Germany — 2Institute of Structure of Matter (ISM-CNR),
Rome, Italy
Thin antimony (Sb) layers adsorbed on bismuth selenide (Bi,Se;) are an exciting
van der Waals heterostructure system. While the substrate is a topological insu-
lator (TT), thin sheets of the 3-phase of antimony are topologically trivial (CI). So,
the question arises whether the topological surface states form at the substrate-
adlayer interface or whether the TI/CI boundary shifts downwards (trivialization
of the substrate) or upwards (topologization of the adlayer). In this theoretical
work, we apply density functional theory to model heterostructures of single and
double bilayers of antimonene on a bismuth selenide substrate. After investigat-
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ing the structural details, we analyse the space- and spin-resolved electronic band
structure. We show that the topological surface states of the pristine Bi,Se; sub-
strate migrate to the top antimony bilayer, while their unique helical spin texture
is preserved. The topologization of the Sb sheets is a consequence of the complex
hybridization process between the bands of the substrate and the sheets.

010.2 Mon10:30 P
Dirac Fermions in a Two-Dimensional Triangular Indium Layer on
SiC(0001) — ¢MAXIMILIAN BAUERNFEIND1’3, JoNAs ERHARDT1’3, PHILIPP
ECK2’3, JORG SCHAFER1’3, SIMON MOSER1’3, DomMEeNico D1 SANTE2’3, RALPH
CLAESSENl’s, and GIORGIO SANGIOVANNI®® — 1Physikalisches Institut, Uni-
versitit Wiirzburg, D-97074 Wiirzburg, Germany — “Institut fiir Theoretische
Physik und Astrophysik, Universitdt Wiirzburg, D-97074 Wiirzburg, Germany
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— 3Wiirzburg-Dresden Cluster of Excellence ct.qmat, Universitit Wiirzburg, D-
97074 Wiirzburg, Germany

The Kane-Mele model provides an intuitive strategy to realize nontrivial topol-
ogy in two-dimensional honeycomb lattices. Graphene, the most prominent rep-
resentative of this class, lacks spin-orbit coupling (SOC), which prevents the for-
mation of a sizeable bulk band gap and the utilization of the topological phase at
reasonable temperatures. By enriching the orbital subspace and concomitantly
switching to a triangular lattice, new possibilities arise. Here, we demonstrate
by angle-resolved photoelectron spectroscopy that a triangular indium lattice
grown on SiC(0001) - indenene - hosts massive, i.e., gapped Dirac Fermions at
the K-point. The opening of this topologically non-trivial gap of approx. 100
meV relies on the strong local SOC. The in-plane inversion symmetry break-
ing induced by the substrate counteracts the topology but produces on the other
hand a distinctive charge localization that directly reflects the non-trivial topo-
logical character of indenene, which allowed us to identify this new quantum
spin Hall insulator by scanning tunneling microscopy.

010.3 Mon10:30 P
Lifting topological protection in a quantum spin Hall insulator — <RauL
STI"JHLERl, ANDRE KOWALEWSKII, FELIX REISI, DiMITRI ]UNGBLUTl, FER-
NANDO DOMINGUEZ TI]ERol’Z, JOHANNES WEIsl, BENEDIKT SCHARFl, WERNER
R. HANKEI, GANG L13, JoERG SCHAEFERI, EwELINA M. HANKIEWICZI, and
Rarpu CLAESSEN' — !Universitit Wiirzburg and Wiirzburg-Dresden Cluster
of Excellence ct.qmat, Germany — >Technische Universitit Braunschweig, Ger-
many — *ShanghaiTech University, China
The recently discovered monolayer system bismuthene/SiC(0001) is a promising
candidate for the realization of a room-temperature quantum spin Hall (QSH)
effect [1]. As expected for a QSH insulator, the electronic edge channels do not
show any signs of backscattering from kinky edge sections that would manifest
in interference phenomena [2]. Notwithstanding, topological protection against
defect scattering may become lifted when two helical edge channels are brought
into direct proximity, resulting in quantum interference. By scanning tunneling
microscopy we study phase-slip domain boundaries (DB) with limited longitu-
dinal extent. By spectroscopic means we scrutinize quasi-particle interference
along these one-dimensional topographic defects that points towards a linear
electronic dispersion. We discuss our findings as possible quantum interference
between coupled helical edge states formed in the vicinity of a DB, accompanied
by lifting the topological protection via hybridization.

[1] E Reis et al., Science 357, 287-290 (2017).
[2] R. Stiihler et al., Nature Physics 16, 47-51 (2020).

0104 Mon10:30 P
2D to 3D crossover in topological insulators — «CORENTIN MORICE', THILO
Kopp?, and ARNO Kampr® — ' Institute for Theoretical Physics Amsterdam and
Delta Institute for Theoretical Physics,University of Amsterdam, 1098 XH Ams-
terdam, The Netherlands — *Center for Electronic Correlations and Magnetism,
Experimental Physics VI Institute of Physics, University of Augsburg, 86135
Augsburg, Germany — >Center for Electronic Correlations and Magnetism,
Theoretical Physics IILInstitute of Physics, University of Augsburg, 86135 Augs-
burg, Germany
At the heart of the study of topological insulators lies a fundamental dichotomy:
topological invariants are defined in infinite systems, but their main footprint,
surface states, only exists in finite systems. In systems in the slab geometry,
namely infinite in two dimensions and finite in one, the 2D topological invari-
ant was shown to display three different types of behaviours. In the limit of zero
Dirac velocity along z, these behaviours extrapolate to the three 3D topologi-
cal phases: trivial, weak and strong topological insulators. We show analytically
that the boundaries of these regions are topological phase transitions of partic-
ular significance, and allow one to fully predict the 3D topological invariants
from finite-thickness information. Away from this limit, we show that a new
phase arises, which displays surface states but no band inversion at any finite
thickness, disentangling these two concepts closely linked in 3D.

010.5 Mon10:30 P
Temperature Evolution of the Magnetic Gap in the Ferromagnetic Topo-
logical Insulator MnSb,Te, probed by Scanning Tunneling Spectroscopy —
ePHILIPP KI"JPPERSI, STEFAN WIMMERZ, ANDREAS NEYZ, JANNIK ZENNERI,
MaRCUS LIEBMANN', MARKUS MORGENSTERN', GUNTHER BAUER?, and GUN-
THER SPRINGHOLZ? — 'II. Institute of Physics B and JARA-FIT, RWTH Aachen
Unversity, 52074 Aachen, Germany — Institut fiir Halbleiter- und Festkorper-
physik, Johannes Kepler Universitdt, Altenberger Strafle 69, 4040 Linz, Austria
MnSb, Te, has recently been established as a ferromagnetic topological insula-
tor with out-of-plane anisotropy and large Curie temperature T¢ = 40-50 K [1].
Here, we show that it exhibits a band gap at the Fermi level that closes rather
precisely at T using scanning tunneling spectroscopy (STS) down to 4 K. At
4K, the gap has an average size of 17 meV exhibiting spatial fluctuations due
to disorder with strength 11 meV and correlation length 2nm. We also applied
in-plane magnetic fields in order to close the gap by changing of the magnetic
orientation.

[1] Wimmer et al., arXiv:2011.07052 (2020)

O 11: Poster Session I: Plasmonics and nanooptics |

Time: Monday 10:30-12:30

O11.1 Mon10:30 P
Fabrication and transfer of hexagonal gold nano-pyramid arrays on PDMS
for SERS — ¢PETER CHRISTIAN SIMol, FLORIAN LAIBLEI, ANKE HORNEBERI,
Craus BURKHARDT?, and Mon1ka FLErscHER! — !Institute for Applied Physics,
University of Tuebingen, Germany — Natural and Medical Sciences Institute at
the University of Tuebingen, Reutlingen, Germany
Surface enhanced Raman scattering (SERS) with pyramidal nanostructures in-
creases the signal of Raman active analytes, since hotspots form at the edges and
tip of a nano-pyramid under illumination. 2D hexagonal arrays of pyramidal
nanostructures with a quadratic base are fabricated through cost-effective nano-
sphere lithography and transferred onto PDMS. Under varying uniaxial strain
the localized surface plasmon resonances (LSPRs) of the nanostructures on the
PDMS can also be analysed. By making use of the (111) crystal plane of a silicon
(100) wafer, an inverted pyramidal array is etched, which serves as the comple-
mentary negative for the gold nanostructures. Either a continuous gold thin-film
with protruding pyramids or separate isolated nano-pyramids are produced. The
use of a linker molecule between the PDMS and the gold is mandatory to increase
the weak Au-PDMS adhesion. (3-Mercaptopropyl)triethoxysilane (MPTS) is
able to bind to both PDMS and to the gold structures, thus strongly increasing
stability for mechano-optical experiments. The SERS enhancement is verified by
Raman mapping of 4-Mercaptobenzoic acid molecules.

O11.2 Mon10:30 P
Fabricating ultra-narrow gaps in bow-ties utilizing strain junctions —
«FLORIAN LAIBLEI, Kar BRAUNZ, MARTIN EBERLEZ, DIETER P. KERNI, ALFRED J.
MEIxNER?, and Monika FLeiscHER' — !Institute for Applied Physics and Cen-
ter LISA+, University of Tiibingen, 72076, Tiibingen, Germany — 2Institute for
Physical and Theoretical Chemistry and Center LISA+, University of Tiibingen,
72076, Tiibingen, Germany
Mechanically controllable break junctions (MCBJs) are widely used to create
sub-1 nm gaps between two metal contacts. In this regime, the width of the
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gap can be controlled with Angstrom precision using the tunnel effect. The abil-
ity to create ultra-narrow gaps in bow-tie antennas is desirable for investigations
on the interplay of localized plasmonics and electron tunneling, as well as for
SERS applications since ultra-narrow gaps are promising highly enhanced near
fields. The integration of nanoantennas into MCB]Js is challenging since the lo-
calization of the plasmon and the mechanical properties of the break junction
have to be preserved simultaneously. We present an approach to reach ultra-
narrow gaps between two nanoantennas in the focus of a confocal microscope.
A gapless bow-tie antenna is integrated into a mechanically controllable break
junction. The nanostructure is optically decoupled from the electrical leads. The
gap is created by bending the substrate, causing the nanoantenna to break at its
thinnest point. The gap size is measured using electron tunneling and controlled
by changing the bend of the substrate. Combined electrical and optical measure-
ments will be presented alongside the fabrication process.

O11.3 Mon10:30 P
Ab-Initio study of plasmonic properties of metallic magnesium nanoclusters
— #0scAR A. DOUGLAS-GALLARDO, CONNOR L. Box AND, and REINHARD J.
MAURER — Department of Chemistry, University of Warwick, Gibbet Hill Road,
Coventry, CV4 7AL, United Kingdom
The study of optical, electronic and catalytic properties of nanostructured plas-
monic materials has been traditionally focused on gold and silver. In recent
years, however, the plasmonic properties of a set of Earth-abundant materi-
als (Al, Mg) have gradually gained increasing interest in the plasmonic area.
These new plasmonic materials can potentially extend the application areas of
standard plasmonic material (Au, Ag and Cu) adding more chemical variety
whilst simultaneously reducing the production cost associated with coinage met-
als. In this context, the optical and electronic properties of a set of nanostruc-
tured metallic magnesium particles and surfaces have been explored by means
of time-dependent density functional tight-binding (TD-DFTB) approach along
with molecular dynamics with electronic friction (MDEF) simulation. The hot
carrier distributions produced when Mg nanoclusters are exposed to light were
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computed and compared against silver nanoclusters. Finally, chemical interface
damping due to molecular hydrogen/atomic hydrogen adsorption was also con-
sidered. The results obtained here represent the first step toward full characteri-
zation and assessment of this new variety of plasmonic material made of Earth-
abundant elements.

O114 Mon10:30 P
Dramatic Enhancement of Tip-Enhanced Raman Scattering Mediated by
Atomic Point Contact Formation — «SHUYI Liu! , BorjA CIRERA! , YANG SUNZ,
IKUTARO HAMADAZ, MELANIE MULLERI, ADNAN HAMMUD3, MARTIN WOLFI,
and Takasur Kumagar™* — 'Department of Physical Chemistry, Fritz-Haber
Institute of the Max-Planck Society, Berlin, Germany — ZGREEN, National
Institute for Materials Science, Ibaraki, Japan — >Department of Inorganic
Chemistry, Fritz-Haber Institute of the Max-Planck Society, Berlin, Germany
— *Center for Mesoscopic Sciences, Institute for Molecular Science, Okazaki,
Japan
Tip-enhanced Raman scattering (TERS) in angstrom-scale plasmonic cavities
has drawn increasing attention. However, Raman scattering at vanishing cavity
distances remains unexplored. In this presentation, I show the evolution of TERS
in transition from the tunneling regime to atomic point contact (APC). A stable
APC is reversibly formed in the junction between an Ag tip and ultrathin ZnO
or NaCl films on the Ag(111) surface at 10 K. An abrupt increase of the TERS in-
tensity occurs upon APC formation for ZnO, but not for NaCl. This remarkable
observation is rationalized by a difference in hybridization between the Ag tip
and these films, which determines the contribution of charge transfer enhance-
ment in the fused plasmonic junction. The strong hybridization between the Ag
tip and ZnO is corroborated by the appearance of a new vibrational mode upon
APC formation, whereas it is not observed for the chemically inert NaCl.

O11.5 Mon10:30 P
Dipolar coupling of nanoparticle-molecule assemblies: An efficient approach
for studying strong coupling — +Jaxus Foyr!, Tuomas P Rossi®, TomAsz
] ANTOSIEWICZ®, MIKAEL KUISMA4, and Paur ErmArT! — 1Department
of Physics, Chalmers University of Technology, Gothenburg, Sweden —
’Department of Applied Physics, Aalto University, Aalto, Finland — >Faculty of
Physics, University of Warsaw, Warsaw, Poland — 4Department of Chemistry,
University of Jyvéskyld, Jyvaskyld, Finland
Strong light-matter interactions facilitate not only emerging applications in
quantum and non-linear optics but also modifications of materials properties.
In particular the latter possibility has spurred the development of advanced the-
oretical techniques that can accurately capture both quantum optical and quan-
tum chemical degrees of freedom. These methods are, however, computationally
very demanding, which limits their application range. Here, we demonstrate that
the optical spectra of nanoparticle-molecule assemblies, including strong cou-
pling effects, can be predicted with good accuracy using a subsystem approach,
in which the response functions of the different units are coupled only at the
dipolar level. We demonstrate this approach by comparison with previous time-
dependent density functional theory calculations for fully coupled systems of Al
nanoparticles and benzene molecules. While the present study only considers
few-particle systems, the approach can be readily extended to much larger sys-
tems and to include explicit optical-cavity modes.

O11.6 Mon10:30 P
Boosting Light Emission from Single Hydrogen Phthalocyanine Molecules
by Charging — «VIBHUTI Rar', Lukas GERHARD!, QING SUN', CHRISTOF
HOLZERZ, TaAvi REPAEN® , MARJAN KRSTICZ, LiANG YANG3, MARTIN
WEGENER3, CARSTEN ROCKSTUHLZ, and WuLr WuLrHEKEL' — !Institute for
Quantum Materials and Technologies, Karlsruhe Institute of Technology, Ger-
many — *Institute of Theoretical Solid State Physics, Karlsruhe Institute of Tech-
nology, Germany — *Institute of Nanotechnology, Karlsruhe Institute of Tech-
nology, Germany

The aspect of light emission from single molecules on insulating layers stud-
ied by scanning tunneling microscopy induced luminescence (STML) has made
considerable progress. Many fundamental aspects of light emission, however, re-
main unclear for the future prospect of device applications. Here, we used STML
to investigate light emission from individual Hydrogen-Phthalocyanine (H,Pc)
molecules thermally evaporated onto bi- and trilayers of NaCl on Au(111). Com-
bining STML measurements, full-wave electrodynamics, and quantum chemical
calculations, we show that the emitted light from a charged H,Pc couples more
efficiently to the far-field than its neutral form [1]. This boost can be explained
by the development of a vertical dipole moment normal to the substrate, facili-
tating out-coupling of the local excitation to the far-field. Since this effect is not
related to the specific molecule, it provides a general pathway for enhancing the
quantum efficiency of light emission from a molecular junction.
[1] Rai et al. Nano Letters 2020, 20 (10), 7600-7605.

O11.7 Mon10:30 P
Design of periodic structures by surface plasmon polaritons excitation —
ePAVEL N. TEREKHINI, JENS OLTMANNSZ, ANDREAS BLUMENSTEINZ, DMITRY
S. IVANOV1’3’4, FREDERICK KLEINWORTZ, MARTIN E. GARCIA3, BAERBEL
RETHFELD', JUERGEN IHLEMANN?, and PETER SIMON® — 1Department of
Physics and Research Center OPTIMAS, Technische Universitat Kaiserslautern,
67663 Kaiserslautern, Germany — “Institut fiir Nanophotonik Géttingen e.V.,
37077 Géttingen, Germany — >Theoretical Physics Department, University of
Kassel, 34132 Kassel, Germany — *Quantum Electronics Division, Lebedev
Physical Institute, 119991 Moscow, Russia
Laser irradiation of solids can lead to the spontaneous formation of periodic
structures on the surface. They are known as laser-induced periodic surface
structures (LIPSS) and have unique properties with a broad spectrum of appli-
cations. For their controlled fabrication, it is essential to understand the basic
governing mechanisms of energy deposition.

We demonstrate the influence of surface plasmon polaritons (SPP) on the pro-
cess of LIPSS formation after irradiation of a step edge structure in a single-pulse
experiment. The absorption of laser energy is described by an analytical source
term, which considers the excitation of SPP. The further surface structures de-
velopment is traced by a hybrid atomistic-continuum model. The theoretical
predictions are fully confirmed by experimental observations. The developed
method can be used to study the mechanisms of laser energy absorption and to
design surface structures under controlled conditions.

O11.8 Mon10:30 P
Dependency of aggregate absorption on near field polarization —
+SIDHARTHA NAYAK', FULU ZHENG?, and ALEXANDER E1srELD! — ! Max Planck
Institute for the Physics of Complex Systems, Dresden, Germany — 2Bremen
Center for Computational Materials Science, University of Bremen, Bremen,
Germany
Strong interaction between transition dipoles of molecules leads to the forma-
tion of delocalized excitonic eigenstates of molecular aggregates. To understand
their optical and transfer properties, knowledge of these eigenstates is required.
Using near-field radiation stemming from a metallic tip which is scanned over
the aggregate one can record position-dependent absorption spectra [1]. From
these spectra, it is possible to reconstruct excitonic wavefunction [2]. In this
contribution, we focus on the situation when the tip is irradiated by linear po-
larized light. We show that there is a strong dependence of the near field spectra
on the polarization and propagation direction of the incident light, which can be
used to facilitate the wavefunction reconstruction. Finally, we explain this ori-
entation dependency using three basic functions which depend on tip position
and eigenfunctions but not on the orientation of the incoming radiation.
[1] X. Gao and A. Eisfeld, J. Phys. Chem. Lett. 9, 6003 (2018)
[2] E. Zheng, X. Gao and A. Eisfeld, Phys. Rev. Lett. 123, 163202 (2019)

0 12: Poster Session I: Electronic structure theory: General
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0121 Mon10:30 P
Electronic Structure of Cesium-based Photocathode Materials from Den-
sity Functional Theory — eHOLGER-DIETRICH SassNICK' and CATERINA
Coccur”? — !nstitut fiir Physik - Carl von Ossietzky Universitit Oldenburg,
26129 Oldenburg, Germany — nstitut fiir Physik - Humboldt-Universitat zu
Berlin und IRIS Adlershof, 12489 Berlin, Germany
The development of novel materials for vacuum electron sources is an active field
of research that can greatly benefit from the results of ab initio calculations [1].
Density functional theory offers a good compromise between accuracy and com-
putational feasibility, however, its results crucially depend on the choice of the
exchange-correlation potential, v,.. To address this point, we systematically an-
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alyze the performance of three popular approximations of v,. (PBE, SCAN and
HSE06) on the structural and electronic properties of bulk Cs;Sb and Cs,Te,
two representative Cs-based semiconductors employed in photocathode appli-
cations. We find that PBE shows expectedly the largest discrepancies from the
target, while both SCAN and HSE06 perform remarkably well in reproducing
the materials properties. Additionally, we study the effect of spin-orbit coupling
which mainly impacts the valence region of both materials inducing a band split-
ting of about 150 meV. Our results indicate SCAN as the best trade-off between
accuracy and computational costs, outperforming the considerably more expen-
sive HSE06 [2].

[1] Cocchi et al, J. Phys.: Condens. Matter 2019, 31, 014002

[2] Sa8nick & Cocchi, submitted 2020, arXiv:2101.04596
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0122 Mon10:30 P
Solvated Electrons in Alkali Metal Doped Zeolites: Insights from Ab-initio
Atomistic Thermodynamics — <DEBALAYA SARKER"™, MARIA TROPPENZ®,
SANTIAGO RIGAMONTI® , CLAUDIA Draxt? , SERGEY V LEVCHENKOI'Z, and
MATTHIAS SCHEFFLER” — ! Skoltech, Moscow, RU — “Fritz-Haber-Institut der
MPG, DE — >Humboldt-Universitit zu Berlin, DE
Doping nanoporous aluminosilicate zeolites viz. faujasite Y, with alkali metal
atoms (M) is a promising way of producing outstanding catalysts. The dopants,
along with extra-framework M atoms, often form M;", clusters inside zeolite
pores, leaving the valence electron of the dopant solvated and available for catal-
ysis. Despite extensive experimental efforts[1], the distribution of the dopants
and solvated electrons remains debated to date. Combining a cluster-expansion
model, parameterized with density-functional theory calculations, with ab-initio
thermodynamics, we address this issue. The electronic structure for low-energy
configurations is calculated with the hybrid functional HSE06. We find that
even at room temperature, Na atoms in NaY zeolites with 2 extra-framework
atoms/unit cell on average redistribute such that areas with lower and higher
local concentrations emerge. The redistribution is driven by increased configu-
rational disorder, mainly at higher concentrations. This explains why solvated
electrons can be located inside both small and large cages in NaY, reconciling
experiments that assign the solvated electrons to a particular pore type.
[1] A. R. Armstrong et al., ]. Am. Chem. Soc. 117, 9087 (1995).

0123 Mon10:30 P
Hole mobility response through gas adsorption at the inner surface of the iron
(1,2,3)-triazolate metal-organic framework — «CHRISTOPH MUSCHIELOK ',
ALEXANDER REINERZ, RICHARD Réss—OHLENROTHZ, ANDREAS KALYTTA-
MEwEs?, DIRK VOLKMER?, ACHIM WIXFORTH?, and HARALD OBERHOFER! —
!"Technische Universitit Miinchen — 2Universitit Augsburg
Metal-organic frameworks (MOFs) are hybrid network materials, built from
metal centers interconnected by organic linker molecules. Often they exhibit
pores, into which atoms or small molecules may be absorbed, and a select few
of them even display some electronic conductivity. Utilizing both, we investi-
gate the response of the hole mobility in the iron (1,2,3)-triazolate MOF to guest
atoms for a possible use as a trace gas sensor. To deepen our understanding of
the material, we employ our adapted variant of Bardeen and Shockley’s deforma-
tion potential theory to analyze the impact of the guest atoms’ presence on the
corresponding material properties: the effective mass, the bulk modulus, and the
deformation potential of the MOF crystal. We find significant influence of guest
atom absorption on the hole mobility, consistent with first experimental results.

0124 Mon10:30 P
First-Principles Study of Lead-free Halide Double Perovskites for Photo-
voltaic Applications — *ELISABETTA Lanpint?, HARALD OBERHOFER?, and
KARSTEN REUTER! — ! Fritz-Haber-Institut der Max-Planck-Gesellschaft, Fara-
dayweg 4-6, 14195, Berlin, Gremany — *Chair for Theoretical Chemistry and
Catalysis Research Center, Technische Universitit Miinchen, Lichtenbergstr. 4,
D-85747 Garching, Germany
Metal halide perovskites, such as methylammonium lead iodide [1], are promis-
ing materials in the field of optoelectronics. However, the toxicity of lead, hys-
teresis effects, and the sensitivity of the structures to moisture and heat prevent
this technology to become technologically viable. To overcome these limitations,
heterovalent substitution of Pb forming the double perovskite structure A,BB’X
, has been suggested.

In this context theoretical modeling is a valuable tool to develop a com-
prehensive picture of the electronic structure of different double perovskites.
Density-functional theory calculations have been carried out using semi-local
and screened hybrid functionals and including spin-orbit coupling corrections.
Experimentally studied Cs, AgBiX; (X=Br,Cl) [2] are chosen as a starting point.
Native point defects and incremental substitutions are then created to systemat-
ically study their effect on the band structure and charge carrier mobility.

[1] D. Zhao et al., ACS Eng. Lett. 3, 305 (2018).

[2] X. Zhao et al., ]. Am. Chem. Soc. 139, 2630 (2017).

0125 Mon10:30 P
Electronic Structure of Self-assembly Crystalline Perylene in Metal-Organic
Frameworks Thin Film — ¢YOHANES PRAMUDYA, MARIANA KoZLOWSKA,
SHAHRIAR HEIDRICH, MARIUS JAKOBY, LIUYANG PAN, BRYCE RICHARD,
CHRISTOF WOLL, RITESH HALDAR, and WOLEGANG WENZEL — Karlsruhe In-
stitute of Technology, Eggenstein-Leopoldshafen, Germany
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Metal organic frameworks (MOFs) are a very versatile platform for exploring
nearly unlimited chemical space of organic components linkers connected by
the metal centers or vertices in various topologies and their self-assembly for
device optimization. Here, we demonstrated the impact of interchromophore
interactions in the photophysical properties of a surface-anchored MOF (SUR-
MOF) based on 3,9-perylenedicarboxylicacid linkers. We predicted the struc-
tural assembly of the perylene molecules in the MOF via robust periodic density
functional theory calculations and described the impact of unit topology and
m* 1 interaction patterns on spectroscopic and semiconducting properties of the
MOF films. We elaborated the dual nature of excited states in the perylene MOF,
where strong temperature-modulated excimer emission, enhanced by the forma-
tion of perylene J-aggregates, and low stable monomer emission was observed.
We used band transport and hopping transport mechanisms to predict the semi-
conducting properties of perylene SURMOF-2 films as a function of inter-linker
interactions and the resulting both p-type and n-type electronic transport mech-
anisms.

012.6 Mon10:30 P
Optical and X-ray absorption spectra of oxides: Theoretical description in-
cluding many-body effects — «Vijava BEcum!, Markus E. GRUNER!, CHRIs-
TIAN VORWERK> , CLAUDIA DRAXLZ, and RossITza PENTCHEVA! — 1Faculty of
Physics and Centre for Nanointegration, University of Duisburg-Essen, Duis-
burg. — ’Institute fiir Physik and IRIS Adlershof, Humboldt-Universitit zu
Berlin, Germany.
We present a comprehensive study of the optical and x-ray absorption spec-
tra (XAS) in two paradigmatic oxides — SrTiO; (STO) and MgO, from first-
principles calculations. Many-body effects were taken into account by a single
step Gy W, followed by the excitonic effects by solving the Bethe-Salpeter Equa-
tion (BSE). The results demonstrate that the inclusion of the excitonic/electron-
(core)hole (e-h) interactions is integral to describe the spectra accurately. For the
optical spectra, the influence of different starting exchange-correlation function-
als [1,2] is discussed, and the best correspondence with experiment is achieved
using a hybrid functional for MgO [2]. The simulated XAS spectra for the O
and Mg K-edge (MgO), and O K-edge (STO) are in excellent agreement with
experiment w.r.t. the spectral shape and peak positions. We also analyze the ori-
gin of prominent peaks in the spectra and identify the orbital character of the
relevant contributions by projecting the e-h coupling coefficients from the BSE
eigenvectors on the band structure. The real-space projection of the respective
wave functions in MgO shows a Wannier-Mott type lowest energy exciton for
the optical spectrum, and a strong localization for the O K-edge.
[1] Phys. Rev. Materials 3, 065004 (2019), [2] arXiv:2012.08960v1

0127 Mon10:30 P
Self-energy self-consistent density functional theory plus dynamical mean
field theory — sSumanTa BHANDARY' and KarsTeN HELD? — !School of
Physics and CRANN Institute, Trinity College Dublin, The University of Dublin,
Dublin 2, Ireland — Institute of Solid State Physics, TU Wien, 1040 Wien, Aus-
tria
We propose a hybrid approach which employs the dynamical mean-field the-
ory (DMFT) self-energy for the correlated, typically rather localized orbitals and
a conventional density functional theory (DFT) exchange-correlation potential
for the less correlated, less localized orbitals. We implement this self-energy self-
consistent DFT+DMFT scheme[1], in addition to charge self-consistency[2], in
a basis of maximally localized Wannier orbitals using Wien2K, wien2wannier,
and the DMFT impurity solver w2dynamics. We apply the method to SrvVO3
and report a significant improvement as compared to previous d+p calculations.
In particular the position of the oxygen p bands is reproduced correctly, which
has been a persistent problem in DFT+DMFT before, and has unwelcome conse-
quences for the d-p hybridization as well as for the correlation strength. Taking
the (linearized) DMFT self-energy also in the Kohn-Sham equation bypasses the
uncertainty of the double-counting” problem of DFT+DMFT and yields very
similar quasiparticle renormalized bands on the "’DFT” and "DMFT” side. [1] S.
Bhandary and K. Held, arXiv:1904.02967 (2020). [2] S. Bhandary, E. Assmann,
M. Aichhorn, and K. Held, Phys. Rev. B 94, 155131 (2016).
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O13.1 Mon10:30 P
Scaling Information Technology to the Atomic Limits — «Br1aN KiraLy, ELZE
J. KNoL, WERNER M.]. VAN WEERDENBURG, DANIEL WEGNER, and ALEXANDER
A. KHAJETOORIANS — Radboud University, Nijmegen, The Netherlands
The end of the scaling era in microelectronics and the expanding demand for
computational resources will require new fundamental approaches to energy-
efficient computing. The successes of software-based artificial intelligence are
promising in this direction, yet the big payoffs promised from hardware imple-
mentations are much rarer, as they require the development of dynamic physi-
cal systems with tunable, memory-bearing coupling. In this talk, I will discuss
our efforts to connect these computational requirements to the physics of single
atoms on the surface of the semiconductor black phosphorus. I will show how
the screening characteristics of the surface play an important role in stabiliz-
ing multiple orbital configurations, or valencies, and how these valencies realize
robust non-volatile memory. I will then discuss the valency dynamics in cou-
pled cobalt ensembles on black phosphorus. After revealing how the anisotropic
surface- mediated interactions enable tunable atomic coupling, I will demon-
strate that a fully functional atomic scale neural network, or so-called Boltzmann
machine, can be derived from just seven cobalt atoms on black phosphorus. With
two naturally separated time scales, one for computation and one for learning,
this atomic Boltzmann machine further presents the possibility for autonomous
learning based on the response of the system to external stimuli.

0132 Mon10:30 P
Chiral spin coupling arising from step edges in ultrathin magnetic films —
ANIKA SCHLENHOFF, eSTEFAN KRAUSE, and ROLAND WIESENDANGER — De-
partment of Physics, University of Hamburg, Germany
Step edges represent a local break of lateral symmetry in ultrathin magnetic films.
In our experiments, we investigate the spin coupling across atomic step edges
on Fe/W(110) by means of spin-polarized scanning tunneling microscopy and
spectroscopy.

As we show in our experiments, atomic step edges induce a chiral spin cou-
pling, with outreaching consequences on the local spin texture in the film [1].
Local modifications of the spin texture toward step edges separating double from
single layer areas of Fe on W(110) are observed, and selection rules indicate a
chiral spin coupling that significantly changes with the propagation along differ-
ent crystallographic directions. The experimental results will be presented, and
the findings are explained in terms of anisotropic Dzyaloshinskii-Moriya inter-
action arising from the broken lateral symmetry at atomic step edges.

Our experiments strongly indicate that surface roughness and interface quality
on the atomic scale is of high relevance for spin manipulation and transmission
in terms of tailored magnetic coupling for future spintronic applications.

[1] A. Schlenhoff, S. Krause, and R. Wiesendanger, Phys. Rev. Lett. 123, 037201
(2019).

0133 Mon10:30 P
Trends of higher-order exchange interactions in transition metal trilayers
— eMARA GUTZEIT, SOUMYAJYOTI HALDAR, SEBASTIAN MEYER, and STEFAN
HEeINzE — Institute of Theoretical Physics and Astrophysics, University of Kiel,
Leibnizstrasse 15, 24098 Kiel, Germany
Higher-order exchange interactions (HOI) beyond the pair-wise Heisenberg ex-
change can play a crucial role in the formation of the magnetic ground state of a
system. Prominent examples are both Rh/Fe atomic bilayers on Ir(111) [1] and a
monolayer Fe on Rh(111) [2] which are shown to exhibit a double-row-wise an-
tiferromagnetic (T7T]|) ground state stabilized by HOI. Here, employing density
functional theory as implemented in the FLEUR and VASP code, we investi-
gate the behaviour of HOI in magnetic trilayer systems. Choosing the above-
mentioned Rh/Fe/Ir system as a starting point, we systematically study how the
HOI change not only with the band filling as Rh (Ir) is replaced by other ele-
ments of the 4d (5d) series but also how they are affected by different stackings
of the involved transition metals. Additionally, trends for HOI parameters are
presented for the case that the central 3d element Fe is replaced by Co. Finally,
the values obtained for the biquadratic exchange, the four-site-four-spin term
and the three-site-four-spin interaction of the trilayers are compared with val-
ues calculated for respective ultrathin film systems.

[1] Romming et al. PRL 120, 207201 (2018)
[2] Krénlein et al. PRL 120, 207202 (2018)

0134 Mon10:30 P
Evidence of topological Shiba bands in artificial spin chains on supercon-
ductors — eLucas SCHNEIDER!, PHiLip BEck', THORE Posske™, DANIEL
CRAWFORD4, ERIC MASCOT® , STEPHAN RACHEL4, RoLAND WIESENDANGERI,
and Jens Wiese! — !Department of Physics, Hamburg University — 1. Insti-
tute for Theoretical Physics, Hamburg University — >Centre for Ultrafast Imag-
ing Hamburg — *School of Physics, University of Melbourne — Department
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of Physics, University of Illinois at Chicago

Magnetic chains on superconducting substrates are a promising system to real-
ize topological superconductivity and Majorana states [1-3]. In this study, we use
the tip of a scanning tunneling microscope to assemble magnetic chains atom-
by-atom on the surface of an elemental superconductor. We analyze Bogoli-
ubov quasiparticle interference, reveal the formation of multiple in-gap bands
and access momentum information about the band dispersions. Using this in-
formation, we find evidence that one of the bands is topologically non-trivial
and gapped by effective p-wave correlations. This work features an important
step towards the distinct experimental determination of topological phases from
bulk properties only. We acknowledge funding by the ERC via the Advanced
Grant ADMIRE (No. 786020), by the Cluster of Excellence ’Advanced Imag-
ing of Matter’ (EXC 2056 - project ID 390715994) and by the DFG (SFB-925 -
project 170620586). [1] J. Li et al. PRB 90, 235433 (2014). [2] S. Nadj-Perge et
al., Science 346, 6209 (2014). [3] H. Kim et al., Science Advances 4, eaar5251
(2018).

O013.5 Mon10:30 P

Epitaxial growth of Fe on Be(0001) studied by STM — «KAROLINE OETKER,
HERMANN OSTERHAGE, ROLAND WIESENDANGER, and STEFAN KRAUSE — De-
partment of Physics, University of Hamburg, Germany
Structural and magnetic properties of Fe thin films can be tuned by the choice
of substrate material and lattice structure [1]. Under high pressure, bulk Fe is
known to undergo a phase transition to the hexagonal close-packed (hcp) struc-
ture [2]. Despite experimental and theoretical efforts, the magnetism of hcp Fe
remains unclear [3]. Utilizing substrates with hcp structure as hosts for pseudo-
morphic growth potentially forces Fe films into the hcp phase, which may then
be investigated by spin-polarized scanning tunneling microscopy (SP-STM) [1].

In preparation for such studies, Fe growth on clean Be(0001) surfaces has been
investigated in dependence of coverage and substrate temperature during depo-
sition. High resolution STM images and Auger electron spectroscopy will be
presented and discussed in terms of growth behavior and chemical composition
of the films at room temperature and at elevated temperatures.
[1] R. Wiesendanger, Rev. Mod. Phys. 81, 1495 (2009).
[2] I. Leonov et al., Phys. Rev. Lett. 106, 106405 (2011).
[3] R. Lizarraga et al., Phys. Rev. B 78, 064410 (2008).

O013.6 Mon10:30 P
Temperature and magnetic field dependent behavior of atomic-scale
skyrmions in Pd/Fe/Ir(111) nanoislands — ¢PHILIPP LINDNER, LENNART
BARGSTEN, STEPAN KOVARIC, JOHANNES FRIEDLEIN, JONAS HARM, STEFAN
KRAUSE, and ROLAND WIESENDANGER — Department of Physics, University of
Hamburg, Jungiusstrafe 11A, 20355 Hamburg, Germany
The thermal stability of atomic-scale skyrmions is of high relevance for potential
spintronics applications and validation of theoretical models, but atomic-scale
skyrmion observation was hitherto limited to very low temperatures.
In our recent study [1], we employed our unique experimental setup [2] to sys-
tematically explore the thermomagnetic phase space of Pd/Fe nanoislands on an
Ir(111) substrate in an external magnetic field up to 3 T within the tempera-
ture range between 1 K and 100 K via scanning tunneling microscopy and spec-
troscopy.
Evidence is found for the spin spiral, field-polarized and fluctuating disordered
magnetic phases. Irrespective of considerable thermally driven magnetization
dynamics, evidence for skyrmions is found at up to approximately 80 K. This crit-
ical temperature is almost tripled compared to the Fe/Ir(111) system without Pd
capping [3], thereby demonstrating the stabilization of atomic-scale skyrmions
against thermal agitation by highly polarizable adlayers.
[1] P. Lindner et al., Phys. Rev. B 101, 214445 (2020).
[2] J. Friedlein et al., Rev. Sci. Instrum. 90, 123705 (2019).
[3] A. Sonntag et al., Phys. Rev. Lett. 113, 077202 (2014).

013.7 Mon10:30 P
Bloch-type spin helix in bilayer Fe islands on Ir(110) measured by spin-
polarized STM — «JEISON A. FISCHERI, Timo KNISPELI, VASILY TSEPLYAEV®,
MaRrKkUs HOFFMANN?, STEFAN BLUGEL®, and THOMAs MicHELy! — 'II
Physikalisches Institut, Universitat zu Koln, Zilpicher Str. 77, 50937 Cologne,
Germany — Peter Griinberg Institut and Institute for Advanced Simulation,
Forschungszentrum Jiilich, 52425 Jiilich, Germany
Most work on interfacial chiral spin textures focused on films exhibiting Cj,
symmetry and isotropic Dzyaloshinskii-Moriya interaction (DMI), known to
only support Néel-type spin helices and skyrmions [1]. In contrast, C,, sym-
metry systems such as the (110) surface of an fcc crystal are predicted to show
anisotropic DMI, leading to various scenarios of topological pattern formation
[2]. Fully unexpectedly, our spin-polarized STM/STS study reveals a magnetic
stripe phase, due to a spin helix with a period of 1.2 nm along the [110] direc-



Surface Science Division (O)

Monday

tion in bilayer Fe islands on unreconstructed Ir(110). Based on detailed field
dependent measurements with a vector magnet, we conclude that the chirality
of the spin helix is of Bloch-type, where the rotation is perpendicular with the
propagation direction. This contradicts the assumption of the spin helix being
induced by an interface in-plane DMI vector. Combined with theoretical in-
sights, we discuss our findings in terms of the formation energy in systems with
C,, symmetry.

[1] S. Heinze et al. Nat. Phys. Vol.7, p.713 (2011).

[2] M. Hoffmann et al. Nat. Commun. Vol.8, p.308 (2017).

O 13.8 Mon10:30 P
Efficient Ab-initio Multiplet Calculations for Magnetic Adatoms on MgO
— «CHRISTOPH WOLFI, FERNANDO DELGADOZ, JosE REINA3, and NIcoLAS
LoReNTE> — !Center for Quantum Nanoscience, Seoul, Korea — 2Universidad
de La Laguna, Spain — >Centro de Fisica de Materiales CEM/MPC, Spain

Scanning probe microscopy and spectroscopy, and more recently in combina-
tion with electron spin resonance, have allowed the direct observation of elec-
tron dynamics on the single-atom limit. The interpretation of data is strongly
depending on model Hamiltonians. However, fitting effective spin Hamiltonians
to experimental data lacks the ability to explore a vast number of potential sys-
tems of interest. By using plane-wave density functional theory (DFT) as start-
ing point, we build a multiplet Hamiltonian making use of maximallylocalized
Wannier functions. The Hamiltonian contains spinorbit and electron-electron
interactions needed to obtain the relevant spin dynamics. The resulting reduced
Hamiltonian is solved by exact diagonalization. We compare three prototypical
cases of 3d transition metals Mn (total spin S=5/2), Fe (S=2) and Co (S=3/2) on
MgO with experimental data and find that our calculations can accurately pre-
dict the spin orientation and anisotropy of the magnetic adatom. Our method
does not rely on experimental input and permits us to explore and predict the
fundamental magnetic properties of adatoms on surfaces.
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O14.1 Mon10:30 P
Length dependent symmetry in narrow chevron-like graphene nanoribbons
— «KOEN HOUTSMAI, MIHAELA ENACHEI, REMmco HAVENITHL’Z, and MEIKE
StéHR' — ! Zernike Institute for Advanced Materials, University of Groningen,
9747AG Groningen, the Netherlands — 2Strating Institute for Chemistry, Uni-
versity of Groningen, 9747AG Groningen, the Netherlands
Graphene nanoribbons (GNRs) are an exciting material due to their excellent
and tunable electronic properties. For instance, GNRs with armchair edge pos-
sess a width-dependent band gap, whereas zigzag GNRs are expected to host
spin-polarized edge states and be semimetallic [1]. Previously, narrow chevron-
like GNRs, which host a combination of zigzag and armchair edge termina-
tions, were fabricated on a Au(111) substrate from the prochiral precursor 6,12-
dibromochrysene through a combination of Ullmann-type coupling and cy-
clodehydrogenation [2]. Depending on the number of monomer units the rib-
bons are made of, an even and an odd number lead to a mirror and a point
symmetric ribbon. Using scanning tunneling spectroscopy we investigated the
potential effect of this length dependent symmetry on the electronic proper-
ties. In addition, we observed that through a common coupling defect bends
are formed in the ribbons. We characterized these bends using a combination of
high-resolution scanning tunneling microscopy and spectroscopy. It turned out
the bends are based on the formation of both a five- and six-membered ring and
that their electronic properties are altered. [1] K. Nakada et al., Phys. Rev. B 54,
17954 (1996) [2] T.A. Pham et al., Small 13, 1603675 (2017)

0142 Mon10:30 P
Thermally vs. Light-Induced On-Surface Polymerization — +CHRISTOPHE
Naccrt and LEONHARD GRILL — Department of Physical Chemistry, University
of Graz, Austria
Covalent on-surface polymerization via Ullmann coupling is one of the preferred
chemical reactions to produce novel, and potentially functional, structures in
the two-dimensional confinement of a surface. The dissociation of specific sub-
stituents and the formation of new covalent bonds can be induced by using dif-
ferent external stimuli, for instance heat, light and inelastic electron scattering.
While plenty of examples exist on the thermal control of the reaction, only very
few studies have reported a photochemical approach to form polymers at single-
crystal surfaces. We compare the reaction pathways of individual molecular
species to one-dimensional polymers by driving the reaction of the same pre-
cursor on Au(111) either by heat or by illumination with UV light. The results
obtained by low-temperature scanning tunneling microscopy under ultrahigh
vacuum conditions show that both stimuli are successful to induce the desired
reaction on the surface. However, very different polymer length distributions are
found, which will be discussed in view of the experimental conditions. Interest-
ingly, under UV illumination the molecular coverage changes across the surface
as it increases at the position of laser spot on the sample.

0143 Mon10:30 P
Adsorption Geometry and Intramolecular Reactions of 9-bromo-
10- (1,1’:3)1”-terphenyl-5’-yl)anthracene on Au(111) and Cu(111) —
+ALEXANDER IHLE!, DANIEL EBELING', DOREEN MOLLENHAUER’, HERMANN
A. WEGNER®, and ANDRE SCHIRMEISEN' — !Institute of Applied Physics, Justus
Liebig University Giessen, Germany — “Institute of Physical Chemistry, Justus
Liebig University Giessen, Germany — *Institute of Organic Chemistry, Justus
Liebig University Giessen, Germany
On-surface chemistry is a powerful tool for building covalent molecular struc-
tures such as chains or graphene nanoribbons [1, 2]. Such tailored materials are
interesting for future applications since their optical and electronic properties are
controllable via their structure [3]. Furthermore, their main component carbon
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is environmentally friendly and sustainable. In addition to the structure of the
precursors, the chemical properties of the substrate direct the reaction pathway.
Using low-temperature atomic force microscopy with CO-functionalized tips,
we identify the precise adsorption geometry of the pristine molecules, interme-
diates, and reaction products after subsequent heating steps. While the pristine
molecules show similar features on both surfaces and adsorb quasi-planar, the
adsorption geometry of the intermediates differs after heating depending on the
substrate material. We suspect that different molecule-substrate interactions lead
to this observation.

[1] Grill, L. et al. Nature Nanotechnology 2, 687-691 (2007)

[2] Cai, J. et al. Nature 466, 470-473 (2010)

[3] Zhong, Q. et al. J. Am. Chem. Soc. 141, 7399-7406 (2019)

O 144 Mon10:30 P
Kinetically controlled on-surface playground of nanostructure growth —
eAISHA AHSANI, FATEMEH MOUSAVI MOUSAVII, THOMAS NIISl, SYLWIA
NOWAKOWSKAI, OLHA POPOVAI, ANELIIA WACKERLINI, Jonas B](‘jRKz, Lutz
GapE®, and Taomas Jung* — 'Department of Physics, University of Basel,
4056 Basel, Switzerland — “Department of Physics, Chemistry and Biol-
ogy, IFM, Linképing University, Linkdping 581 83, Sweden — >Anorganisch-
Chemisches Institut, Universitit Heidelberg, Im Neuenheimer Feld 270, 69120
Heidelberg, Germany — *Laboratory for Micro- and Nanotechnology, Paul
Scherrer Institut, 5232 Villigen PSI, Switzerland
Rare gases on metals serve as models for understanding mass transport and crys-
tal growth of adsorbates on surfaces, while LT-STM studies enriched our knowl-
edge how rare gases behave at atomic level. Deep insight has been gained into
the diffusion mechanisms of van der Waals adsorbates on a complex energy land-
scape defined by an on-surface coordination network architecture. Using Xe as
the model case, a complex re-distribution/re-nucleation and coarsening/growth
phenomena has been investigated where the adsorbate can be evaporated/re-
captured into/from *gas phases* or *lattice gas phases* between 5K and 50K
showing hopping motion between different confinements (0D), along bound-
aries of network (1D) and across whole network backbone (2D). After heating
to ~50K then back to 5K, atoms are exclusively found in the thermally minimal
state of 12 Xe atoms filling one pore, a process which we assign to the analogon
of Ostwald ripening/coarsening transition which clearly limited in size.

O 145 Mon10:30 P
Electrospray Ion Beam Deposition of Biological Molecules — <HENRIK
Steont?, ANDREAs ZiMMER?, and LeoNHARD Grirr! — 1Single—
Molecule Chemistry, Institute of Chemistry, University of Graz, Austria —
2Pharmaceutical Technology & Biopharmacy, Institute of Pharmaceutical Sci-
ences, University of Graz, Austria
Scanning Tunneling Microscopy under Ultra-High Vacuum (UHV) conditions
is a powerful method to image single molecules. However, its application in bio-
physics and pharmacy is limited by the fact that thermal sublimation, which is
the common deposition method under UHV, requires rather high temperatures,
due to the large molecular mass and thus low vapour pressures. This typically
leads to molecular fragmentation before they can adsorb on a surface. Drop cast-
ing, on the other hand, can leave too much solvent contamination. In this poster,
electrospray ion beam deposition of biological molecules will be presented where
the molecules are gently transferred from solution under atmospheric pressure
to a single-crystal metal surface at UHV pressure.
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O 14.6 Mon10:30 P
Defect-mediated ab initio thermodynamics of metastable y-MoN(001) —
«GIYEOK LEEl, Hojun LEE" , TAEHUN LEELZ, and Arovsius Soon! —
! Department of Materials Science & Engineering and Center for Artificial Synes-
thesia Materials Discovery, Yonsei University, Seoul 03722, Republic of Korea —
2Department of Chemistry, Princeton University, Princeton, New Jersey 08540,
United States
Refractory transition metal nitrides exhibit a plethora of polymorphic expres-
sions and chemical stoichiometries. To afford a better understanding of how de-
fects may play a role in the structural and thermodynamics of these nitrides, us-
ing density-functional theory calculations, we investigate the influence of point
and pair defects in bulk metastable y-MoN and its (001) surface. We report fa-
vorable formation of Schottky defect pairs of neighboring Mo and N vacancies in
bulk y-MoN and apply this as a defect-mediated energy correction term to the
surface energy of y-MoN(001) within the ab initio atomistic thermodynamics
approach. We also inspect the structural distortions in both bulk and surfaces
of y-MoN by using the partial radial distribution function, g(r) of Mo-N bond
lengths. Large atomic displacements are found in both cases, leading to a broad
spread of Mo-N bond length values when compared to their idealized bulk val-
ues. We propose that these structural and thermodynamic analysis may provide
some insight to a better understanding of metastable materials and their surfaces.

O 14.7 Mon10:30 P
Completing the Picture of Embryonic Oxidation on Copper — «YUN-JAE
LEEI, TrRINH THI LYZ, TAEHUN LEEI, KRISZTIAN PALOTAs3, SE YounNG JEONG4,
JUNGDAE Kim?, and Aroysius Soon! — 1Department of Materials Science &
Engineering and Center for Artificial Synesthesia Materials Discovery, Yonsei
University, Seoul 03722, Republic of Korea — “Department of Physics, and
EHSRC, University of Ulsan, Ulsan 44610, Republic of Korea — Institute for
Solid State Physics and Optics, Wigner Research Center for Physics, 1525 Bu-
dapest, Hungary — 4Department of Optics and Mechatronics Engineering, Pu-
san National University, Busan 46241, Republic of Korea
The oxidation of copper surfaces has been studied extensively in the literature
- from simple oxygen chemisorption to the formation of complex surface ox-
ides. Having an accurate atomistic model for this metal/oxide interface plays a
pivotal role in determining interfacial processes in many copper-based technolo-
gies. The “29” and “44” complex surface oxides represent two of the most clas-
sical embryonic oxides on Cu(111). Although many attempts have been made
to offer a detailed atomistic model of these surface oxides, their atomic struc-
tures remain ambiguous. In this work, we address this open question via ab
initio scanning tunneling microscopy simulations that go beyond the simplistic
Tersoff-Hamann approach where the (functionalized) metal tips are explicitly
included, and are corroborated by high-resolution STM experiments. In partic-
ular, we reexamine the “29” structure and elucidate a complete atomistic model
for the “44” structure.

O 14.8 Mon10:30 P
Nano-hillock formation on CaF, due to individual slow Au-cluster im-
pacts — ¢GABRIEL L. SzaBO', MARKUS LEHNER!, LOTHAR BISCHOFF?, WOLE-
GANG PILZZ, ULRICH KENTSCHZ, FRIEDRICH AUMAYRI, Nico KLINGNERZ, and
RICHARD A. WiLHELM' — ' TU Wien, Institute of Applied Physics, 1040 Vienna,
Austria — 2Helmholtz-Zentrum Dresden-Rossendorf, Institute of Ton Beam
Physics and Materials Research, 01328 Dresden, Germany
Ton-irradiation of surfaces was found to be a very powerful technique for surface
modifications on a large amount of technologically relevant materials. Especially
the formation of nanostructures, such as iontracks and nano-hillocks, which are
mediated by electronic excitation induced by slow highly charged ions and swift
heavy ions received lots of interest in recent years. For those experiments, the
ionic crystal CaF, was a model system for the underlying processes. We use
the same model system here, but a more direct way of creating nanohillocks by
heavy cluster irradiation. In our investigations we show the formation of nano-
hillocks by slow individual Au-cluster-irradiation on CaF,(111) surface that are
very similar to hillocks iobserved previously with highly charged ions. We show
that the size of the hillocks can be tuned by the cluster size.

0149 Mon10:30 P

A molecular quantum ring formed from a m-conjugated macrocycle —
CHRIS J. ]UDDI, ANTON S. NIZOVTSEV2’3’4, RIKKE PLOUGMANNI, DmMITRY V.
KONDRATUK®, HARRY L. ANDERSON’, ELENA BESLEY?, and ALEX SAYWELL'
— 1School of Physics & Astronomy, University of Nottingham, UK. — 2School
of Chemistry, University of Nottingham, UK. — >Nikolaev Institute of Inorganic
Chemistry, Russian Academy of Sciences, Russian Federation. — *Novosibirsk
State University, Russian Federation. — >Department of Chemistry, University
of Oxford, UK.
Quantum rings are structures that facilitate phase-coherent electron motion
around a closed path and exhibit quantum phenomena; e.g. persistent currents
and the Aharonov-Bohm effect. Our approach utilises cyclic porphyrin poly-
mers, possessing a delocalised 7-conjugated electronic structure [1], as molecu-
lar quantum rings.

We present details from our recent work [2] where the electronic structure of
a molecular quantum ring (a 40 unit cyclic porphyrin polymer within stacks of
2-3 rings supported on a Ag(111) substrate) is characterised via scanning tun-
nelling microscopy (STM) and scanning tunnelling spectroscopy (STS). Com-
bining density functional theory and tight binding calculations, in concert with
experimental data, we interpret the experimentally obtained electronic structure
in terms of quantum states confined around the 7-conjugated macrocycle.

[1]M.D. Peeks,et al., Nature 541, 200 (2017).[2]C.]. Judd, et al., Phys.Rev.Lett.
125, 206803 (2020).
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Invited Talk 0151 Mon13:30 Rl
The ultrafast Einstein-de Haas effect triggered by ultrafast demagnetization
— oSTEVEN L. IOHNSON1’4, CHRISTIAN DORNEsl, YVES ACREMANNz, MATTEO
SAVOINIl, MARTIN KUBLII, MARTIN J. NEUGEBAUERI, ELsa ABREUI, Lucas
HUBERl, GABRIEL LANTZl, CARLOSA.E VAZ3, HENRIK LEMKE4, ELIZABETH M.
BOTHSCHAFTER3, MICHAEL PORERS, VINCENT ESPOSITOa, LAURENZ RETTIG3’5,
MICHAEL BUZZI3’6, AURORA ALBERCA® , YOAV W. WINDSOR® ’5, PauL BEAUD4,
Urs STAUB®, DILING ZHU’, SANGHOON SONG’, and JAMES M. GLowN1A’
nstitute for Quantum Electronics, Physics Department, ETH Zurich, Zurich,
Switzerland — *Laboratory for Solid State Physics, Physics Department, ETH
Zurich, Zurich, Switzerland — 3Swiss Light Source, Paul Scherrer Institute, Vil-
ligen, Switzerland — *SwissFEL, Paul Scherrer Institute, Villigen, Switzerland
— SFritz Haber Institute of the Max Planck Society, Berlin, Germany — ®Max
Planck Institute for the Structure and Dynamics of Matter, Hamburg, Germany
— 7Linac Coherent Light Source (LCLS), SLAC National Accelerator Laboratory,
Menlo Park, CA, USA

The Einstein-de Haas effect is a historically important experiment that demon-
strated clearly the equivalence between spin angular momentum and mechanical
angular momentum. Here I discuss an experiment where ultrafast demagneti-
zation driven by laser excitation of a thin film of iron drives transverse atomic
displacement waves from the interfaces of the film, a direct consequence of sub-
picosecond angular momentum transfer from electronic spins to the lattice.

Round Table Discussion and introduction of panel members:
All following contributed talks will be presented in form of a round table
discussion with expert panel members Prof. Martin Aeschlimann (TU
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Kaiserslautern), Prof. Michael Horn-von-Hoegen (U Duisburg) and Prof.
Julia Stihler (HU Berlin)

0152 Mon 14:05 R1
Structural Dynamics at Surfaces: Current State and Prospects of tr-RHEED
— «CHRISTIAN BRAND, JONAS FORTMANN, THORBEN GROVEN, ToB1AS WITTE,
FABIAN THIEMANN, BERND HAFKE, MOHAMMAD TAJIK, and MICHAEL HORN-
voN HOEGEN — Fakultit fiir Physik, Universitat Duisburg-Essen, 47057 Duis-
burg
Ultrafast time-resolved reflection high energy electron diffraction (tr-RHEED)
is employed to follow structural dynamics at surfaces upon fs-laser excitation.
‘We measure the transient changes of intensity, profile and position of diffraction
spots in a pump-probe setup with a temporal resolution of 350 fs. We demon-
strate the broad capabilities of this technique through three examples: Electron
phonon coupling and nanoscale heat transport is studied for ultrathin epitax-
ial Pb and Bi films through the Debye-Waller effect [1,2]. Ultrafast dynamics in
the In atomic wire system on Si(111) serves as an example for a strongly driven
first order phase transition (PT) [3]. The dynamics of a second order PT are
observed through the order-disorder transition in the Si spin chain system on
the Si(553)-Au surface [4]. We discuss future developments of this technique for
improving the temporal resolution below 200 fs at increased brightness of the
electron pulses, the perspectives of mode specific excitation with reduced pho-
ton energy or with THz radiation, and the combination of electron and optical
probes to access transient changes of electronic properties. [1] T. Witte et al.,
Appl. Phys. Lett. 110, 243103 (2017); [2] V. Tinnemann et al., Structural Dy-
namics 6, 035101 & 065101 (2019); [3] T. Frigge et al., Nature 544, 207 (2017);
[4] B. Hafke et al., PRL 124, 016102 (2020).
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0153 Mon 14:25 Rl
Towards understanding the time evolution of metastable charge-ordered
states — ¢YAROSLAV A. GERASIMENKOI’Z, JaNn RAVNIKI’S, Jaka VODEBI,
MICHELE DIEGol, YEVHENII VASKIVSKYII, VIKTOR V. KABANOVI, IGor
Vaskivsky1?, Tomaz MerTeLy, and DragaN Minarovich*® — 1Iozef Ste-
fan Institute, Ljubljana, Slovenia — ?University of Regensburg, Regensburg, Ger-
many — Paul Scherrer Institute, Villigen, Switzerland — *CENN Nanocenter,
Ljubljana, Slovenia — >University of Ljubljana, Ljubljana, Slovenia
Metastable self-organized electronic states in quantum materials are emer-
gent states of matter[1] typically formed through phase transitions under non-
equilibrium conditions. It is of fundamental importance to understand the pro-
cess of their formation that can involve multiple mechanisms[1,2] spanning a
large range of timescales.

Here we combine multiple techniques to map the evolution of metastable
states in 1T-TaS,, a prototypical charge-ordered quantum material, using the
photon density and temperature as control parameters on timescales ranging
from 107*? to 10’s. The combination of STM and in situ ultrafast excitation al-
lows us to observe explicitly both parametric stability and nanoscale relaxation of
the light-induced metastable states on the scale of seconds, while time-resolved
optical techniques and electrical measurements allow us to study the ordering
and relaxation processes down to a few picoseconds. [3]

[1] Ya. A. Gerasimenko et al., Nature Materials 18, 1078-1083 (2019)

[2] Ya. A. Gerasimenko et al., npj Quantum Materials 4, 1-9 (2019)

[3] J. Ravnik et al., arXiv:2011.00930

0154 Mon 14:45 R1
Ultrafast atomic and electronic dynamics at the molecule-TiSe, interface
— eMARKUS SCHOLZI, Kiana BAUMGARTNERZ, NiILs WIND3, CHRISTIAN
METZGERZ, DmMmyTRO KUTNYAKHOV4, MICHAEL HEBER4, Lukas WENTHAUS4,
FrIEDRICH RoTH®, Kar RossNAGELS, FRIEDRICH REINERT?, and SERGUEI
MorobTsov' — 1European X-Ray Free-Electron Laser Facility, Schenefeld
— 2Experimentelle Physik 7, Julius-Maximilians-Universitit, Wiirzburg —
3Universitit Hamburg — *Deutsches Elektronen-Synchrotron DESY, Hamburg
— 5TU Bergakademie Freiberg — ®Christian-Albrechts-Universitit zu Kiel
In recent years layered transition-metal dichalcogenides (TMDCs) have been
extensively investigated due to their intriguing electronic phenomena ranging
from Mott localization to charge-density-wave (CDW) formation [1] as well as

their potential for novel electronic and optical devices. First studies of adsorbed
molecules on the TMDC surface have revealed a rich potential to tailor optical,
electronic, and magnetic properties of organic-TMDC devices. However, very
few studies have been carried out on understanding fundamental interactions
at the molecule-TMDC interface. Time-resolved imaging of orbitals with time-
resolved photoelectron spectroscopy (trPES) will not only allow us to separate
the molecular contribution to the trPES signal but also to determine the ultrafast
charge-transfer dynamics at the interface. In order to probe structural changes
at the interface, we also perform time-resolved XPD at FLASH FEL.
[1] Rossnagel K, et. al., ] Phys Cond Matter 23:213001 (2011)

0155 Mon15:05 RI1
Tracing orbital images on ultrafast time scales — ¢ROBERT WALLAUER',
MIRIAM RATHSZ’3, Kraus STALLBERGI, LASSE MUNSTERI, DoMINIK
BRANDSTETTER4, XIAOSHENG YANG2’3, JENS Gt'JDDEl, PETER PUSCHNIG4,
SERGEY SOUBATCHZ, CHRISTIAN KUMPFZ’S, Francors C. BOCQUETZ,
FRANK STEFAN TAUT22’3, and Urrica HOrer' — !Fachbereich Physik,
Philipps-Universitit Marburg, Germany — “Peter Griinberg Institut, PGI-
3, Forschungszentrum Jiilich, Germany — 3]l'ilich Aachen Research Alliance
(JARA), Jiilich, Germany — Insititute of Physics, Universitit Graz, Austria
Photoemission tomography is a powerful tool to image the electron distribu-
tion in molecular orbitals in momentum space. Unoccupied molecular orbitals,
however, have not been accessed until now. In our experiment, we combine
time-resolved photoemission using high laser harmonics and a momentum mi-
croscope to establish a tomographic, femtosecond pump-probe experiment of
unoccupied molecular orbitals. We measure the full momentum-space distribu-
tion of transiently excited electrons within a single molecular layer of PTCDA
on an oxygen-passivated Cu(001) surface.

Beside the identification of the lowest unoccupied molecular orbital and its
lifetime, we were able to link the excited state dynamics to real-space excitation
pathways. Electron transfer from the substrate to the molecule and intramolec-
ular excitation lead to distinct signatures in the time evolution of the respective
momentum map. Our results show the potential of this technique to identify
electron excitation and transfer processes at molecular surfaces and interfaces.

Concluding remarks

0 16: Mini-Symposium: Free-standing functional molecular 2D materials Il

Time: Monday 13:30-15:30

Invited Talk O016.1 Mon13:30 R2
Combining 2D materials and optical metasurfaces — <ISABELLE STAUDE —
Institute of Solid State Physics, Abbe Center of Photonics, Friedrich Schiller Uni-
versity Jena, 07743 Jena, Germany

Optical metasurfaces, two-dimensional arrangements of designed nanores-
onators, offer unique opportunities for controlling light fields and for tailoring
the interaction of light with nanoscale matter. Due to their flat nature, their
integration with two-dimensional materials consisting of only a single molecu-
lar layer is particularly interesting [1]. This talk reviews our recent and ongo-
ing activities in hybridizing optical metasurfaces composed of resonant metal-
lic or dielectric building blocks with different types of two-dimensional ma-
terials, including monolayer transition metal dichalcogenides (2D-TMDs) and
carbon nanomembranes (CNMs). On the one hand, we will show that CNMs
can serve as mechanically stable substrates for free-standing metasurface archi-
tectures of nanoscale thickness [2]. On the other hand, we will demonstrate
that the ability of the nanoresonators to concentrate light into nanoscale vol-
umes can be utilized to carefully control the properties, such as pattern and
polarization, of light emitted by 2D-TMDs via photoluminescence or nonlin-
ear processes [3,4]. [1] R. Mupparapu et al., Advances in Physics: X 5, 1734083
(2020). [2] Y. D. Sirmaci et al., ACS Photonics 7, 1060 (2020). [3] T. Bucher
et al., ACS Photonics 6, 1002 (2019). [4] E. J.E Lochner et al., ACS Photonics,
https://doi.org/10.1021/acsphotonics.0c01375 (2020).

016.2 Mon 14:00 R2
Towards atomic-resolution HRTEM imaging of organic 2D materials —
eHAaOYUAN QI, BAOKUN LIANG, DAVID MUCKE, and UTE KA1sErR — Electron
Microscopy Group of Materials Science, Universitit Ulm, 89081 Ulm, Germany
Organic two-dimensional materials (O2DMs), such as 2D polymers, 2D
covalent-organic frameworks (COFs), and 2D metal-organic frameworks
(MOFs), open up the exciting possibility of crystal engineering tailored for next-
generation applications. However, structural characterization of O2DMs via
transmission electron microscopy (TEM) remains a formidable task. The main
challenge arises from the strong interaction between incident electrons and the
bonded hydrogen atoms. During TEM imaging, the incident electrons transfer
kinetic energy to the atoms (i.e., knock-on damage) and may trigger bond dis-
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sociation and various chemical reactions degrading the structural integrity of
O2DMs.

Here, we will present a comprehensive illustration of experimental techniques
that are dedicated to enhancing achievable image resolution. For instance,
through low-dose HRTEM imaging, a near-atomic resolution has been achieved
on 2D polyimine under 300 kV. We further demonstrate that, by applying a mid-
range acceleration voltage, i.e., 120 kV, the useful structural information per unit
damage can be enhanced in several COFs, resulting in higher S/N ratio in the
experimental images as compared to 300 kV. Besides, through a hydrogen-free
structural design, MOFS’ intrinsic stability can be significantly increased, allow-
ing direct observation down to atomic scale.

0163 Mon 14:15 R2
Mechanics of free-standing inorganic and molecular 2D materials —
«XIANGHUI ZHANG, ANDRE BEYER, FLORIAN PANEFF, and ARMIN GOLZHAUSER
— Faculty of Physics, Bielefeld University, 33615 Bielefeld, Germany
The discovery of graphene has triggered a great interest in inorganic as well
as molecular two-dimensional (2D) materials. In this contribution, we sum-
marize recent progress in the mechanical characterization of free-standing 2D
materials, such as graphene, hexagonal boron nitride (hBN), transition metal-
dichalcogenides, MXenes, black phosphor, carbon nanomembranes (CNMs), 2D
polymers, 2D metal-organic frameworks (MOFs) and covalent organic frame-
works (COFs). Elastic, fracture, bending and interfacial properties of these ma-
terials have been determined using a variety of experimental techniques includ-
ing AFM-based nanoindentation, in situ tensile/fracture testing, bulge testing,
Raman spectroscopy, Brillouin light scattering, and buckling-based metrology.
Additionally, we address recent advances of 2D materials in mechanical appli-
cations, including resonators, microphones, and nanoelectromechanical sen-
sors.

Invited Talk 0164 Mon14:30 R2
Electronic properties of freestanding ultra-thin small-molecular and mul-
tilayer graphene films — «THOoMAs WEITZ — I. Physics Institute, Faculty
of Physics, Georg-August-University Gottingen, Germany — AG Physics of
Nanosystems, Faculty of Physics, LMU Munich, Germany
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Suspension of thin functional films allows to investigate their electronic proper-
ties in vacuum - a low-dielectric (low-k) environment free from contaminants.
Two examples of our recent work in this direction will be discussed: 1.) Highly-
crystalline, two molecule thin organic semiconducting films composed of an
electron-conductive perylene-diimide have been investigated by temperature-
dependent charge transport and have shown a small density of charge traps due
to the inert surrounding. [1] 2.) Enabled by the low-k surrounding, dually-
gated, suspended bi- and trilayer graphene films show exchange-driven quantum
phases such as the quantum anomalous Hall effect. [2-4]

[1] L.S. Schaffroth, J. Lenz, V. Geigold, M. Kogl, A. Hartschuh, R.T. Weitz,
Adv. Mat. 31, 1808309 (2019) [2] R.T. Weitz, M.T. Allen, B.E. Feldman, J. Mar-
tin, and A. Yacoby, Science 330, 812 (2010) [3] ER. Geisenhof, R.T. Weitz et al.
In preparation (2021) [4] E Winterer, R.T. Weitz et al. In preparation (2021)

016.5 Mon 15:00 R2
Sensitive detection of biomarkers in clinical samples based on van der Waals
heterostructures of carbon nanomembrane and graphene — «DAvID KAISER!,
NIKOLAUS MEYERBROEKERZ, ‘WERNER PURSCHKE3, SIMONE SELL3, CHRISTOF
NEUMANN' , ANDREAS WINTER! , ZIAN TanG' , DANIEL HiJGERl, GERBEN

FERWERDA4, THOMAS WEIMANNS, MARIEN DE JONGE4, ALBERT SCHNIEDERSZ,

AXEL VATER3, and ANDREY TURCHANIN' — !Friedrich Schiller University Jena,
Germany — “CNM Technologies GmbH, Germany — >APTARION biotech
AG, Germany — “Radboud University, The Netherlands — 5Physikalisch-
Technische Bundesanstalt, Germany

Due to their low surface charge in aqueous electrolytes, almost direct contact
with the analyte and special electronic properties, graphene field-effect transis-
tors (GFETSs) are promising for ultrasensitive biodetection. However, challenges
with their reliable biochemical functionalization have hindered their use with
real clinical samples so far. Here, we employ 1 nm thick carbon nanomem-
branes (CNMs) to functionalize GFETs via van der Waals assembly of the
CNM/graphene heterostructures. The aptamers grafted on the CNMs result in
specific adsorption of the relevant biomarkes on the GFET surface. Using clini-
cal samples, we demonstrate the detection of the biomarker CXCL8 with a very
low concentration (5 pg/ml). We support our experimental findings by a detailed
modelling of the device performance.

Final discussion with all speakers

0 17: Mini-Symposium: Frontiers of electronic-structure theory: Focus on electron-phonon
interactions |

Time: Monday 13:30-15:30

Invited Talk 0171 Mon13:30 R3
Predominance of non-adiabatic effects in zero-point renormalization of elec-
tronic energies — ¢XAVIER GONZEI’Z, ANNA MiGLIO" , VERONIQUE BROUSSEAU-
CouTURE®, GABRIEL ANTONIUS™”, YaANG-HAO CHAN?, STEVEN Loute?, Boe-
DAN GUSTERI, MATTEO GIANTOMASSII, and MicHEL COTE® — lUCLouvain,
Belgium — *Skoltech, Moscow, Russia — >U. de Montréal, Canada — *U. Cal-
ifornia at Berkeley, USA and NBNL, Berkeley, USA — U Québec a Trois-
Rivieres, Canada

Electronic and optical properties of materials are affected by atomic motion
through electron-phonon interaction: not only band gaps change with temper-
ature, but even at zero K, zero-point motion causes band-gap renormalization.
We present a large-scale first-principles evaluation of the zero-point renormal-
ization beyond the adiabatic approximation [1]. For materials with light ele-
ments, the band gap renormalization is often larger than 0.3 eV, and up to 0.7
eV. This effect cannot be ignored if accurate band gaps are sought. For infrared-
active materials, global agreement with available experimental data is obtained
only when non-adiabatic effects are taken into account. They even dominate
zero-point renormalization for many materials, as shown by a generalized Froh-
lich model that includes multiple phonon branches, anisotropic and degenerate
electronic extrema, whose range of validity is established by comparison with
first-principles results. We also investigate effective mass changes in such gener-
alized Frohlich model. [1] A. Miglio et al. npj Computational Materials, 6, 167
(2020).

Invited Talk 0172 Mon 14:00 R3
Huge quantum effects on the 250 K superconducting lan- thanum hydride —
eJoN ERREA — University of the Basque Country, San Sebastian, Spain

The discovery of superconductivity at 200 K in the hydrogen sulfide system at
large pressures was a clear demonstration that hydrogen-rich materials can be
high-temperature superconductors. The recent syn- thesis of LaH10 with a su-
perconducting critical temperature (Tc) of 250 K place these materials at the
verge of reaching the long-dreamed room-temperature superconductivity. Here
we show that quantum atomic fluctuations stabilize in the superconducting pres-
sure range a high-symmetry Fm-3m crystal structure consistent with experi-
ments, which has a colossal electron-phonon coupling of 3.5. Even if ab ini-
tio classical calculations predict this structure to distort below 230 GPa yield-
ing a complex energy landscape, the inclusion of quantum effects evidences the
Fm-3m as the true ground state. The agreement be- tween the calculated and
experimental Tc values further supports this phase as responsible for the 250
K superconductivity. The relevance of quantum fluctuations questions many of
the crystal structure predic- tions made for hydrides within a classical approach
that at the moment guide the experimental quest for room-temperature super-
conductivity. Furthermore, quantum effects are revealed to be crucial to stabi-
lize solids with extraordinary electron-phonon coupling, which may other- wise
be destabilized by the large electron-phonon interaction, reducing the pressures
needed for their synthesis.
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Invited Talk 0173 Mon 14:30 R3
Out-of-equilibrium lattice dynamics in two-dimensional materials — +FABIO
Caruso — Institut fir Theoretische Physik und Astrophysik, Christian-
Albrechts-Universitét zu Kiel

The coupling between electronic and vibrational degrees of freedom influences
profoundly the ultrafast dynamics of electrons [1] and phonons [2]. We con-
ducted first-principles calculations of the coupled electron-phonon dynamics to
investigate the characteristic fingerprints of crystal-lattice vibrations in systems
driven out of equilibrium by the interaction with ultra-short light pulses. The
relaxation of photo-excited carriers via phonon emission exhibits a striking se-
lectivity in momentum space, and it underpins the emergence of a non-thermal
vibrational state of the lattice. These vibrational excited states are characterized
by a highly anisotropic population of different phonons and persist for up to
10 ps, until thermal equilibrium is re-established by phonon-phonon scattering.
For the prototypical layered semiconductors black phosphorus and MoS2, these
findings are corroborated by femto-second electron diffuse scattering (FEDS) ex-
periments [3]. The control of non-thermal vibrational states may provide unex-
plored opportunities to selectively enhance the phonon population and, thereby,
transiently tailor electron-phonon interactions over picosecond time scales.

[1] Caruso, Novko, Draxl, Phys. Rev. B 101, 035128 (2020). [2] Novko,
Caruso, Draxl, Cappelluti, Phys. Rev. Lett. 124, 077001 (2020). [3] Seiler, Zahn,
Zacharias, Hildebrandt, Vasileiadis, Windsor, Qi, Carbogno, Draxl, Caruso, Ern-
storfer, arXiv:2006.12873 (2020).

Invited Talk 0174 Mon15:00 R3
Ultrafast optical control of complex oxide functional properties: New in-
sights from theory and first-principles calculations — ¢NICOLE BENEDEK —
Cornell University, Ithaca, NY USA

Recent experiments have demonstrated the potential for ultrafast changes in the
functional properties of materials upon selective optical excitation of particu-
lar phonon modes. The chemical diversity of complex oxides, and their strong
lattice-properties coupling, have made them ideal test systems for new exper-
imental approaches that exploit anharmonic phonon couplings to induce and
modify magnetism, superconductivity and ferroelectricity with light. In this talk,
I will describe our recent theoretical efforts exploring ultrafast optical control of
the functional properties of perovskite oxides. First, I will describe the theo-
retical framework that we have developed, and the role of electronic structure
calculations in that framework. I will then focus on an example of our frame-
work in action: dynamical stabilization of a non-equilibrium magnetic phase in
GdTiOj;. Finally, I will consider how to identify materials that may exhibit a large
dynamical response and present our results of a systematic exploration of intrin-
sic materials factors that may contribute to the nonlinear phononics response
in LaAlO;. Our work highlights the importance of understanding the contri-
butions of small structural distortions to the optical response in perovskites (in
contrast with large-amplitude distortions, such as octahedral rotations), and il-
lustrates how anharmonic mode coupling strengths may not be the most impor-
tant factor in which materials exhibit large or unusual responses, as has generally
been assumed.
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0 18: Poster Session Il: Metal substrates Il

Time: Monday 13:30-15:30

0181 Mon13:30 P
Atom exchange and registry shift upon formation of surface tellurides
on Ag(111) and Cu(111) — sANDREAS RAABGRUND, MAXIMILIAN AMMON,
TiLMAN KISSLINGER, LuTz HAMMER, and M. ALEXANDER SCHNEIDER —
Lehrstuhl fiir Festkorperphysik, Universitat Erlangen-Niirnberg, D-91058 Er-
langen, Germany
The formation of (surface) metal alloys using Te achieved a lot attention lately,
e.g. for photovoltaics or thermoelectrics [1]. In this work, we study the ini-
tial stages of Te surface alloy formation on Ag(111) and Cu(111) by STM, STS,
LEED, and DFT. For coverages below 0.14 ML tellurium is readily incorporated
into the topmost substrate layer via local atomic exchange. The process occurs
already at or below room temperature and eventually leads to a (V7 x V7)R19.1°
short-range order. Increasing the Te coverage leads to coexisting islands of a
(V3% V/3)R30° superstructure on Ag(111) [2] and a (2v/3 x V/3)R30° superstruc-
ture on Cu(111) [3], which are well-ordered and fully developed at ® = 1/3 ML
Te. In these two phases, the top layer has 1 : 1 stoichiometry in hcp registry
to the substrate and only 2/3 of the surface sites are occupied. The Te atoms
are only threefold coordinated in-plane. STS data shows that the substitutional
Te phases have a distinctly different electronic structure from that of the well-
ordered phases at ® = 1/3 ML. Notably, the unoccupied dispersing states with
sp, character are not found anymore in the range Ep to Ep + 2.5eV. [1] Ibers
J., Nat. Chem. 1, 508 (2009) [2] Unzelmann et al, Phys. Rev. Lett. 124, 176401
(2020) [3] Kisslinger T., Phys. Rev. B. 102, 155422 (2020)

0182 Mon13:30 P
Growth of samarium thin films and subsequent oxidation on polycrystalline
copper — *EMILIA POZAROWSKA, CARLOS MORALES, and JAN INGO FLEGE —
BTU Cottbus-Senftenberg, Konrad-Zuse-Str. 1, 03046 Cottbus, Germany
The growth of samaria thin films on copper sheets has been chemically studied
by in situ X-ray photoelectron spectroscopy (XPS). The early stages of growth
(0.1-14 ML) were studied by consecutive evaporations of Sm by chemical vapor
deposition followed by XPS measurements. Subsequently, samaria films of dif-
ferent thicknesses, namely 0.1, 1, and 14 ML, were oxidized at room temperature
(RT). The evolution of the sample morphology was determined through inelastic
peak shape analysis (IPSA) using the QUASES software as an indirect method to
study the relationship between Sm oxidation state and its surface arrangement.
Our results show that samarium grows as 2D islands up to 2ML, which is fol-
lowed by 3D growth. Chemical analysis indicates that at low coverages (<0.5ML)
Sm is already oxidized, leading to the appearance of Sm3+ as the only oxidation
state. The increase in the intensity of the Ols peak with time and the absence
of spectral changes in the Cu2p and LMM Auger (substrate) indicate that the
transformation is mainly due to adventitious oxidation of the layer. With fur-
ther deposition at RT the metallic state Sm0 appears at higher coverages, which
is readily postoxidized by subsequent exposure to molecular oxygen, leading to
complete oxidation. No intermediate oxidation states (Sm2+) were observed, in
contrast to the reported prevalence of Sm2+ on single crystal surfaces during the
early stages of growth.

0183 Mon13:30 P
The influence of charge transfer on molecular structure and conformation
at surfaces: TCNQ on metals — «LUKE ROCHFORDI, Davip DUNCANI, PHIL
WoODRUFF?, and REINHARD MAURER? — !Diamond Light Source, UK —
2Warwick University, UK
Electron acceptors such as TCNQ are believed, based on previous studies, to
adopt bent conformations when adsorbed on metal surfaces due to electron
transfer. Our recent, quantitative, structural experiments show definitively that
this is not the case on a variety of metal surfaces.

Our experimental work has combined powerful complimentary surface sci-
ence techniques in the home lab with synchrotron light-based techniques,
mainly synchrotron x-ray photoelectron spectroscopy (S-XPS) and x-ray stand-
ing waves (XSW). XSW has been central here, as it allows quantitative mea-
surement out-of-plane structure of molecules with chemical specificity and sub-
bond-length precision.

These data are supported by DFT calculations which show that dispersion
force corrections are vital to properly reproduce our observed structures. The
explicit inclusion of metal adatoms in structural models is also of key impor-
tance to explain our experimental observations.

This fundamental understanding has allowed us to understand the lateral
charge transfer at work between native metal adatoms and electron accep-
tor molecules. We have applied this knowledge to design and create two-
dimensional charge transfer salts using low concentrations of alkali metal atoms.

0184 Mon13:30 P
Heat of Adsorption on Single Crystals: Microcalorimetry — ¢ ANN-KATRIN
BAUMANN and SWETLANA SCHAUERMANN — Max-Eyth-Str.2, 24118 Kiel

33

Location: P

Rational design of new heterogeneous catalysts requires detailed understanding
of the bonding interactions between the gaseous species and the catalytic sur-
face. One of the crucial parameters in this interaction is the adsorption enthalpy
of the involved surface species.

Adsorption enthalpies can be determined with high level of accuracy by a di-
rect method of single crystal adsorption calorimetry (SCAC), which has a num-
ber of advantages over the commonly used indirect method of temperature pro-
grammed desorption. In contrast to indirect methods, SCAC provides heats of
adsorption without relying on assumptions on the details of the desorption ki-
netics or reversibility of the desorption processes.

In this work, an improved experimental setup of SCAC is presented. In ultra
high vacuum, a pulsed molecular beam is employed to dose a known amount of
molecules on a well-defined thin metal single crystal (1-2 ym) or nanostructured
model surfaces containing supported metallic nanoparticles. The arising heat
of adsorption is detected by a pyroelectric material (3-PVDF) pressed against
the back of the thin metal crystal. Simultaneously, the sticking coefficient of
the molecules is recorded in order to determine the amount of molecules con-
tributing to the signal (short-term sticking) and the total amount of molecules
remaining permanently adsorbed on the surface (long-term sticking).

0185 Monl13:30 P
Dynamics of Adsorption and Desorption on Chiral Surfaces — *SABINE
CHARLOTTE MATYSIK and STEPHEN JOHN JENKINS — Department of Chemistry,
University of Cambrigde, Cambridge, United Kingdom
The relationship between structural chirality and chiral motion is not well un-
derstood and often involves different length scales for both phenomena. In this
dispersion-corrected density functional theory study, we focus on the dissocia-
tive adsorption of small achiral molecules on both chiral and achiral surfaces.
The interplay between chirality and surface dynamics is explored by using the
transition state of the dissociation reaction as a starting point for ab initio molec-
ular dynamics simulations. Special focus in the analysis of these reactive trajec-
tories lies on the time evolution of rotational momenta.

O018.6 Mon13:30 P
Study of tritium uptake in thin palladium-titanium-gold films by Beta-
Induced X-ray Spectrometry — «Max AKERI, SONJA SCHNEIDEWINDZ, SEBAS-
TIAN VETTER!, CHIRSTIAN GOFFING', and MAGNUs ScHLOssER! — !Institute
for Astroparticle Physics, Karlsruhe Institute of Technology — *Institute of Nu-
clear Physics, University of Miinster
Metallic multilayer-systems are promising materials for tritium storage utilizable
for passive tritium pumps, dedicated radioisotope heat sources, or calibration
standards for the analysis of tritium in solids. Beta-Induced X-ray Spectrometry
(BIXS) is a technique for tritium activity measurements and depth profiling in
solids.

BIXS was used for activity measurements on Pd/Ti/Au multilayers in air which
were tritiated at T, pressures up to 0.7 mbar. The measurements were comple-
mented by activity quantifications using liquid scintillation counting. Combined
with GEANT4 simulations the activity determination in samples c0nsistin4g of
three different metals with total thicknesses up to 300 nm and activities of 10 Bq
to 10® Bq was accomplished. Pd/Ti/Au systems are interesting for tritium cap-
ture studies since Ti allows a quasi-irreversible tritium capture at room temper-
ature, Pd prevents the formation of an oxide barrier on the Ti, and Au has low
permeation to tritium, but increases the BIXS detection efficiency due to high
stopping power. The findings on the influence of T, pressure, Pd layer thickness
and bake-out on the final activity and its stability in the sample are reported in
this poster.

018.7 Mon13:30 P
Tritium adsorption on a gold surface from a gaseous tritium source — Max
AKER and *FRANK HERMANN — Institute for Astroparticle Physics and Institute
of Experimental Particle Physics, Karlsruhe Institute of Technology
The KATRIN collaboration aims to determine the neutrino mass with a sensi-
tivity of 0.2 eV/c* (90 % CL). This will be achieved by measuring the endpoint
region of the S-electron spectrum of gaseous tritium. A gold-coated stainless
steel disk defines the physical limit of the tritium source. This so-called rear
wall and any potential adlayer on it are exposed to impinging S-electrons, tri-
tium cluster ions and neutral trititum molecules which allows ad- and absorbing
tritium.

The beta-spectrum from tritium decays on or below the rear wall surface dif-
fers from that of the gaseous tritium source. This leads to a spectral distortion
which needs to be considered in the neutrino mass determination. Investiga-
tions with regard to spectral shape, radial distribution and temporal evolution
will be presented in this poster. Also first models predicting its future increase
and hypotheses for the state of the surface-near bound tritium will be discussed.
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This work is supported by the Helmholtz Association (HGF), the Ministry
for Education and Research BMBF (05A17PM3, 05A17PX3, 05A17VK2, and
05A17WO03), the Helmholtz Alliance for Astroparticle Physics (HAP), and the
Helmholtz Young Investigator Group (VH-NG-1055).

O018.8 Mon13:30 P
Adsorption and reactivity of monodispersed silver clusters stabilized by an
organic network — «VISHKAYA ]AYALATHARACHCHII, ELIZABETH GRAHAMI’Z,
JENNIFER MAcLEOD', and JosH LipToN-DurrIN"? — !Queensland Univer-
sity of Technology, Brisbane,Australia — 2Central Analytical Research Facility
(CARF)
In this study, we investigate the chemical and electronic structures of Ag metal
clusters coordinated by deprotonated 1,3,5-benzenetricarboxylic acid (TMA)

molecules on Ag(111) using soft x-ray spectroscopy techniques. Deprotonation
was examined by X-ray photoemission spectroscopy (XPS) and scanning tun-
nelling microscopy (STM). We used Near edge X-ray absorption fine structure
spectroscopy (NEXAFS) in these experiments to study the molecular geome-
try after deprotonation of the carboxylic/ carboxylate groups via C-K edge/ O-K
edge measurements. Evolution of HOMO-LUMO levels has been studied using
combination of Valence band spectra and Resonant photoemission spectroscopy
(RESPES) and compared with the calculated density of states with corresponding
charge distribution of intact TMA and deprotonated TMA molecules.

Careful study of the chemical and electronic structure of these clusters will
allow us to better understand how to use organic molecules to engineer arrays
of single-atom catalysts on surfaces, with the goal of tailoring these 2D materials
systems for reactivity and selectivity in targeted catalysed reaction.
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0191 Mon13:30 P
Stereoselective cyclodehydrogenetion of bishelicenes: preservation of
handedness from helical to planar chirality — BAHAAEDDIN Irz1QAT"?,
¢ ALEKSANDRA CEBRATl’Z, MiLo$ BALIOZOVIél, KeviN MARTINs, MANFRED
PARSCHAUI, NARCIS AVARVART , and KArRL-HEINZ ErnsTb 2% — 1Empa, Swiss
Federal Laboratories for Materials Science and Technology, Uberlandstrasse
129, 8600 Diibendorf, Switzerland — 2Department of Chemistry, University
of Zurich, 8057 Ziirich, Switzerland — >Laboratoire Moltech-Anjou, CNRS-
Université d’Angers, 49045 Angers, France — *Nanosurf Laboratory, Institute of
Physics, Czech Academy of Sciences, Cukrovarnicka 10, Prague 6, Czechia
Here, we report the 2D chiral crystallization of 2,2’-bispentahelicene on Au(111)
and its thermal-induced dehydrogenation studied with scanning tunneling mi-
croscopy. The low coverage deposition on Au(111) kept at 400 K, leads to for-
mation of heterochiral zigzag chains of the (M,M)- and (P,P)-enantiomers along
the herringbone reconstruction pattern. In the closed-packed monolayer, both
enantiomers self-assemble into racemic phase. Due to its strong sterical over-
crowding in its adsorbate state, the (P,M)-meso form was not observed on the
surface. Upon annealing and subsequent cooling of the substrate, the charac-
teristic twisted shape of bis[5]helicenes can no longer be observed and only 2D
homochiral conglomerate domains of planar Sp- and Rp-coronocoronene can
be distinguished. The transformation from helical to planar chiral molecules via
dehydrogenation and loss of eight hydrogen atoms was confirmed by secondary
ion mass spectrometry.

0192 Mon13:30 P
Identifying Surface Adsorbate Structures with Bayesian Inference and
Atomic Force Microscopy — *JARI JARVI, BENJAMIN ALLDRITT, ONDRE] KRE-
j¢i, MiLicA ToDOROVIC, PETER LILJEROTH, and PATRICK RINKE — Department
of Applied Physics, Aalto University, P.O. Box 11100, 00076 Aalto, Espoo, Fin-
land
Determining stable structures of organic molecular adsorbates on inorganic sub-
strates requires both quantum mechanics and thorough exploration of the poten-
tial energy surface (PES). This is prohibitively expensive with density-functional
theory (DFT). Bayesian Optimization Structure Search (BOSS) [1] is a new tool
that combines DFT with Bayesian inference for accurate global structure search.
BOSS applies strategic sampling to compute the complete PES with a small num-
ber of expensive DFT simulations. This allows a clear identification of stable
structures and their energy barriers.

We apply BOSS to study the adsorption of (1S)-camphor on the Cu(111) sur-
face as a function of molecular orientation and translations [2]. We identify
8 unique adsorbate types, in which camphor chemisorbs or physisorbs to the
Cu(111) surface. We employ the most stable structures to produce simulated
atomic force microscopy (AFM) images, which we use to identify adsorbate con-
figurations in AFM experiments [3]. This study demonstrates the power of cross-
disciplinary tools in detecting complex interface structures.

[1] M. Todorovi¢ et al., npj Comput. Mater. 2019, 5, 35.

[2] J. Jarvi et al., Beilstein J. Nanotechnol. 2020, 11, 1577-1589.

[3] J. Jarvi et al., in preparation. doi:10.21203/rs.3.rs-50783/v1.

0193 Monl1330 P
On-surface Synthesis of Porphyrin-GNR Hybrid Chains «JOEL
DEYERLINGI, MATHIAS PCRTNERI, Luka DORDEVIéZ, ALEXANDER RISSI, Da-
vIDE BoNtEAZI>, and WILLI AUWARTER! — 1Physics Department E20, Technical
University of Munich, Germany — *The School of Chemistry, Cardiff Univer-
sity, UK-CF10 3AT Cardiff, United Kingdom — Institute of Organic Chemistry,
Faculty of Chemistry, University of Vienna, Austria
In recent years, the on-surface formation of hybrid structures combining por-
phyrins and graphene nanoribbons (GNRs) attracted increasing interest due to
their potential for electronic, optoelectronic and spintronic applications [1-3].
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A control on the precise atomic structure of such covalently linked porphyrin-
based heterosystems is highly relevant for the tuning of their electronic and
functional properties. Here, we address dehalogenative coupling reactions of
a bromo-naphthalene functionalized Zn-porphyrin derivative on Ag(111) and
Au(111). This precursor, its reaction steps, and different coupling motifs are
characterized by scanning tunneling microscopy (STM) and non-contact atomic
force microscopy (nc-AFM) with CO functionalized tips. Porphyrin-GNR hy-
brid chains with lengths exceeding 20 nm are achieved. Our experiments reveal
atomistic details of different coexisting coupling motifs and give first insights
into the electronic structure of this porphyrin-GNR system.

[1]]. Liet al., Sci. Adv. 4, eaaq0582 (2018)

[2] L.M. Mateo et al., Chem. Sci. (2021)

[3] E. Bischoff et al., Angew. Chem. Int. Ed., 57, 16030 (2018)

0194 Mon13:30 P
Guiding molecular self-assembly by molecule-surface interaction — OLE
BUNJEsl, Lucas A. PAULZ, XINYUE DA13, ¢ ALEXANDRA RITTMEIERI, ToBiAs
Craus', FENG DING®, INKE SIEWERT?, and MARTIN WENDEROTH! — 'TV. Physi-
cal Institute, University of Gottingen, Germany — Institute of Inorganic Chem-
istry, University of Géttingen, Germany — >Ulsan National Institute of Science
and Technology, Korea
One strategy for the generation of renewable fuels is the reduction of CO, to
CO. Hence, the development of new hybrid systems catalyzing involved reaction
steps is in the focus of current research. In this study the anchoring of the CO, re-
duction catalyst fac-Re(bpy)CO;Cl (bpy = 2,2’ -bipyridine) on the clean Ag(001)
surface is investigated by means of scanning tunneling microscopy (STM) and
density functional theory (DFT). Sub-monolayer films of the complex were de-
posited with the substrate held at 300K. STM measurements at 77K show that the
beginning of cluster formation takes place at steps with a geometric orientation
along the crystal axes <110>. The interaction between cluster and step leads to a
restructuring of the surrounding step segments thereby promoting further clus-
ter growth. Well-aligned decorated steps are found to be the nucleation point for
higher dimensional growth. Comparing high resolution STM data to DFT cal-
culations we get access to the local structural arrangement of the self-assembled
complexes. Taking into account the calculated energies we develop a comprehen-
sive growth model. This work was funded by the DFG - 217133147/SFB 1073,
projects C1, C4, C7.

0195 Mon13:30 P
Surface-controlled reversal of the selectivity of halogen bonds — JaL-
MAR TSCHAKERTl, QIGANG ZHONGI, DANIEL MARTIN—IIMENEZI, JAIME
CARRACEDO-COSME?, CARLOS ROMERO MUN1Z?, PascAL HENKEL®, ToBIAS
SCHLODER®, SEBASTIAN AHLEs!, DOREEN MOLLENHAUER®, HERMANN A.
WEGNER4, PaBLO PUOZ, RUBEN PEREZZ, ANDRE SCHIRMEISENI, and ¢DANIEL
EseLING' — !Institute of Applied Physics, Justus Liebig University Giessen, Ger-
many — 2Departamento de Fisica Te6rica de la Materia Condensada, Univer-
sidad Auténoma de Madrid, Spain — *Institute of Physical Chemistry, Justus
Liebig University Giessen, Germany — *Institute of Organic Chemistry, Justus
Liebig University Giessen, Germany
Halogen bonds are ideally suited for designing molecular assemblies because of
their strong directionality and the possibility of tuning the interactions by us-
ing different types of halogens or molecular moieties. This is interesting for
applications in supramolecular chemistry, crystal engineering, or drug design.
Here, we present an approach for tuning the 2D self-assembly process of organic
molecules by adsorption to reactive vs. inert metal surfaces. [1] Therewith, the
order of halogen bond strengths that is known from gas phase or liquids can
be reversed. Our approach relies on adjusting the molecular charge distribu-
tion, i.e., the o -hole, by molecule-substrate interactions. The polarizability of
the halogen and the reactiveness of the metal substrate are serving as control
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parameters. Our results establish the surface as a control knob for tuning molec-
ular assemblies by reversing the selectivity of bonding sites. [1] Tschakert et al.
Nature Communications 11, 5630 (2020)

019.6 Mon13:30 P
Adsorption of organic molecules on the Cu(110)-(2x1)O stripe phase —
oIL1AS GAZIZULLIN, CHRISTOPHE NAccI, and LEONHARD GRILL — Physical
Chemistry Department, University of Graz, Heinrichstrasse 28, 8010 Graz, Aus-
tria
The deposition of molecules onto single-crystal surfaces allows their investi-
gation at the single-molecule level by scanning tunneling microscopy (STM),
in particular for planar molecular structures. Here, we have studied flat di-
bromoanthracene (DBA) molecules on the Cu(110)-(2x1)O stripe phase under
ultra-high vacuum conditions with low-temperature STM. The Cu(110)-(2x1)O
stripe phase is of particular interest since it offers alternating stripes of (metal-
lic) Cu(110) areas and of oxygen-covered copper areas where the molecules are
slightly decoupled from the metal substrate. The focus of our study is first on
the preferred adsorption configuration and orientation of the linear molecules
on the surface. It turns out that the molecules form organometallic chains on the
copper areas, oriented in two surface directions. Second, we have attempted to
investigate the electronic structure of the molecules by comparing their adsorp-
tion when they are on the metallic areas or on the oxide stripes. The results are
compared with calculations of the molecular orbital structure.

019.7 Mon13:30 P

Monodispersed graphene nanoribbons on Ag(111) by electrospray controlled
ion beam deposition: their self-assembly and on-surface extension vis-
ited by STM — «WEI Ran', ANDREAS Warz!, KaroLiNA STOIBER', PE-
TER KNECHTI, ANTHOULA C. PAPAGEORGIOUI, ANNETTE HUETTIGI, DieGco
CORTIZO-LACALLE?, Juan P. MoRA-FUENTES?, AURELIO MATEO-ALONSO>",
HArTMUT SCHLICHTINGl, JoacHIM REICHERTI, and JOHANNES V. BARTH'
— !Physics Department E20, Technical University of Munich, Germany
— 2POLYMAT, University of the Basque Country UPV/EHU, Spain —
3Ikerbasque, Basque Foundation for Science, Bilbao, Spain
Graphene nanoribbons (GNRs) are of interest due to their potential in elec-
tronics, energy conversion, and storage. For atomically precise GNRs, elaborate
bottom-up fabrication protocols have been developed, utilising the reactivity of
a metallic support.1) However this approach often results in GNR arrays with a
variety of lengths. Here we employ a different approach for the preparation and
study of GNRs on surfaces: chemical synthesis and purification of well-defined
nanoribbons 2) followed by processing with electrospray controlled ion beam
deposition (ES-CIBD). With this method, we can deposit well-defined GNRs on
any solid support under ultra-high vacuum conditions. The quality of the films
produced is exemplified for a 3 nm GNR on Ag(111). We explore their self-
assembly and thermally activated polymerisation reactions by means of scanning
tunnelling microscopy.

1) Fasel et al. Adv. Mater. 2016, 28, 6222. 2) Mateo-Alonso et al. Angew.
Chem., Int. Ed. 2018, 57, 703.

0 20: Poster Session ll:
Time: Monday 13:30-15:30

020.1 Mon13:30 P
Data-Driven Descriptor Engineering and Refined Scaling Relations for Pre-
dicting Transition Metal Oxide Reactivity — ¢WENBIN XUI, Mie ANDERSENl,
and KARSTEN REUTER"? — ! Chair for Theoretical Chemistry, Technical Univer-
sity of Munich, Garching, Germany — 2Fritz Haber Institute of the Max Planck
Society, Berlin, Germany
Screening of transition metal (TM) and TM alloy catalysts is often carried out
using the comparatively simple d-band model and related scaling relations to
predict adsorption enthalpies. Unfortunately, these methodologies do not ex-
tend to TM oxides due to their more localized and intricate electronic structure.
Multiple geometric and electronic properties could in principle govern the ad-
sorption enthalpies at these more complex compound materials. Given the im-
mense number of candidates, we here apply a data-driven compressed sensing
method!! to tackle the search for best-performing multidimensional descrip-
tors expressed as nonlinear functions of intrinsic properties of the clean surface.
Our descriptors largely outperform previously highlighted descriptors in terms
of accuracy and computational cost. Furthermore, we identify properties related
to the local charge transfer to be the missing ingredient in standard scaling re-
lations and show that their inclusion is crucial for the correct identification of
promising catalyst materials for the oxygen evolution reaction.

[1]R. Ouyang et al., Phys. Rev. Mater. 2, 083802 (2018)
[2]W. Xu et al., ACS Catal. 11, 734 (2021)
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0198 Mon13:30 P
Structural Details of a Prototypical Organic-Inorganic Interface: CuPc
on In,05(111) — «MATTHIAS A. Brarnik!?, PETER JACOBSON?, MICHAEL
SCHMIDI, JaN CECHALs, ULRIKE DIEBOLDI, and MARGARETA WAGNER' —
'Institut f. Angew. Physik, TU Wien, Austria — 2School of Mathematics and
Physics, University of Queensland, Australia — 3CEITEC, Brno University of
Technology, Czech Republic
Indium oxide (In,O3) is a ubiquitous material in OLEDs and photovoltaics due
to an ideally matched optical transmission window and metal-like conductivity
at room temperature when doped with Sn (as ITO). When In,Oj is paired with
organic materials, a nearly universal fabrication step is the introduction of a thin
organic buffer layer to improve the charge injection efficiency from In,0; to
the organic active layers. Using a combination of STM, nc-AFM and local spec-
troscopy (STS), we probe the adsorption structure and density of states (DOS)
at the prototypical copper phthalocyanine (CuPc)-In,O; interface. We focus on
the stoichiometric (111) surface but also investigate the effects of dissociated wa-
ter coadsorbed in UHV. STM/AFM imaging reveals single CuPc molecules ad-
sorb in a flat, slightly tilted geometry in three symmetry-equivalent orientations.
Increasing the coverage leads to (densely packed) 1D chains oriented along the
<110> directions. With increasing coverage up to 1 ML, first a (2x2) and then
a (1x1) superstructure is found. Finally, differential conductance (dI/dV) mea-
surements reveal the energetic positions of the HOMO and LUMO states which
are critical for improving charge injection.

0199 Mon13:30 P
Elucidating the bonding of 2-mercaptobenzimidazole on Cu(111) by STM
and DFT — ¢«MARION VAN MIDDEN, MATIC LOZINSEK, TONE KOKALJ, and ERIK
ZUPANIC — Jozef Stefan Institute, Ljubljana, Slovenia
While organic corrosion inhibitors such as 2-mercaptobenzimidazole are widely
used to protect the surface of copper, their bonding mechanism on the atomic
scale remains elusive. DFT calculations have shown that different bonding con-
figurations have comparable energies when considering the binding of a single
molecule to the surface. In the case of larger coverages, which are common in
real-life applications, various inter-molecular interactions have to be considered
as well, further complicating calculations. To determine which interactions are
most significant for the bonding and self-assembly of 2-mercaptobenzimidazole
on the surface of Cu(111) we prepared samples in ultra high vacuum and im-
aged them using STM. Varying the evaporation rate and time as well as the sub-
strate temperature allowed us to control the coverage and limit the energy the
molecules have available to self assemble. Surprisingly the molecules formed
ordered self-assembled structures even when depositing on samples cooled to
approximately 50 K, which opposes the idea that strong binding to specific sites
on the surface is crucial for corrosion prevention. The large variety of obtained
self-assembled structures at different deposition parameters suggests, that the
energy scales of competing interactions must be similar.

Heterogeneous catalysis Il
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0202 Monl13:30 P
Microscopy of Gold Oxide Formation on TiO,/Au(111) Model Catalysts for
CO Oxidation — «SABINE WENZEL and IRENE M. N. GRooT — Leiden Institute
of Chemistry, The Netherlands
Hydrogen produced from methanol has to be cleaned from traces of CO for its
use in fuel cells [1]. Gold-based catalysts have been shown to selectively oxi-
dize CO in H, environment at low temperatures [2]. There is ample evidence
for strong interactions between gold and typically used supports such as TiO,
[3]. However, the exact oxidation state of the active phase of gold as well as the
role of oxide supports and water remain under debate [4,5,6]. Our set-up [7]
allows for the controlled preparation and characterization of model catalyst sur-
faces in ultra-high vacuum combined with scanning tunneling microscopy at at-
mospheric pressures. A TiO,/Au(111) model catalyst was prepared via physical
vapor deposition and exposed to CO oxidation reaction conditions. We present
evidence for the formation of a surface gold oxide in this environment. Our find-
ings suggest that transfer of atomic oxygen from the titania nanoparticles to the
gold substrate does not occur but that contaminants can promote the oxidation
of gold.

References: [1] Dhar etal., J. Electrochem. Soc. 1987, 134, 12, 3021 [2] Haruta,
The Chemical Record 2003, 3, 75 [3] Palomina et al., ACS Sustainable Chem.
Eng. 2017, 5, 10783 [4] Min et al., Chem. Rev. 2007, 107, 2709 [5] Klyushin et
al., ACS Catal. 2016 6 , 3372 [6] Kettemann et al., ACS Catal. 2017, 7, 8247 [7]
Herbschleb et al., Rev. Sci. Instrum. 2014, 85, 083703
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020.3 Mon13:30 P
surface structure and stoichiometry of PdZn alloys under realistic (T,
p) conditions — sYUANYUAN ZHOU', LARA KABALAN’, IGOR KOWALEC’,
LUCA M.GHIRINGHELLI', SERGEY LEVCHENKO', ANDREW LOGSDAIL’, RICHARD
caTLow?, and MATTHIAS SCHEFFLER' — 'NOMAD Laboratory, Fritz Haber In-
stitute of the Max Planck Society, Berlin, Germany — 2School of Chemistry,
Cardiff University, Cardiff, United Kingdom
PdZn is known to efficiently catalyze CO, to methanol.[1] However, the micro-
scopic understanding of the underlying chemical reactions at the surface is lack-
ing, for example, the stoichiometry and structure of the surface under catalytic
T, p conditions. The talk will, address the first and crucial step for achieving an
improved understanding needed for predicting better catalysts in the family of
bi- and tri-metallic materials. Specifically, we will analyze the composition and
structure of PdZn(101) in a constrained thermal equilibrium with CO, and H,
gases using density-functional theory and ab initio atomistic thermodynamics
[2], considering a bulk composition of 1:1. Exposure to H, induces a restructur-
ing of the surface and an enhancement of the Pd concentration. This is under-
stood in terms of the stronger Pd-H bonds compared to Zn-H. Importantly, the
adsorption of CO, is stronger in the presence of surface hydrogen. We discuss
the various restructurings, order/disorder adsorbate phases, and the possibility
of the formation of a surface hydride.

[1]H. Bahruji, et al., ]. Catal. 343, 133 (2016).
[2]K. Reuter and M. Scheffler, Phys. Rev. B. 65, 035406 (2001).

0204 Monl13:30 P
Performance and predictions of kinetic models for MgO-catalyzed ethanol
conversion to butadiene — +AsTRID Boje!, WiLLiam E. Tarran?, HENRIK
STrROM!, ToMAS Bucko™?, JoNas BaLTRUSAITIS?, and ANDERS HELLMAN!
! Chalmers University of Technology, Géteborg, Sweden. — “Lehigh University,
Bethlehem, USA. — *Comenius University in Bratislava, Bratislava, Slovak Re-
public. — *Slovak Academy of Sciences, Bratislava, Slovak Republic.
Formation of 1,3-butadiene from ethanol is a sustainable alternative to conven-
tional synthesis; however, selectivity is challenging and there is significant sen-
sitivity to catalyst composition and conditions. We employ a combination of
first-principles-informed energetic span and microkinetic models to interrogate

the kinetic behavior of this system on a model MgO catalyst, demonstrating the
utility and limitations of both perspectives. The microkinetic model was de-
veloped based on the extensive DFT mechanism of Taifan ef al. [1], comprising
several possible pathways. Both models allow quantification of rate-determining
states and turnover, with the microkinetic model characterizing kinetic limita-
tions due to coverage and adsorption/desorption effects. The dominance of the
pathways varied with temperature. We considered the impact of uncertainty in
the free energy landscape on kinetic predictions by sampling from a correlated
error model, finding that the microkinetic model was less robust but both mod-
els predicted similar median outcomes. The two models thus provide valuable
and complementary insights into the operation of a complex, selectivity-limited
process. [1] Taifan, W. E., et al., ]. Catal. 346, 78 (2017).

020.5 Monl13:30 P
Interfacial catalysis over well-defined Cu20 nanostructures — sFAN YANG —
School of Physical Science and Technology, ShanghaiTech University, Shanghai
201210, China
The catalytic properties of nano-oxides are increasingly recognized and currently
explored for a wide range of applications. However, the nature of the active sites
of these nano-oxides, as well as their catalytic chemistry, remain poorly under-
stood, because of the difficulties to access these surface/interfacial sites at the
atomic level. Using molecular beam epitaxy, we construct well-defined oxide
nanostructures (NSs) on planar metal or oxide surfaces, which serve as the model
systems for understanding the catalytic chemistry of the metal-oxide interface
and nano-oxides. In this talk, we report our recent progress in the studies of
low temperature CO oxidation using supported Cu20 NSs as the model catalyst.
The Cu20-M interface has been suggested as catalytic active sites for low tem-
perature CO oxidation and a series of selective oxidation reactions. Combining
microscopic and spectroscopic methods, CO oxidation was investigated at the
Cu20-M interface, to understand the mechanism of low temperature CO oxida-
tion and the catalytic properties of the metal-oxide interface. A highly dynamic
behavior of the catalytically active interfacial sites were observed, which accounts
for the enhanced activities and stability of supported oxide NSs for oxidation re-
actions. Overall, we wish to demonstrate that the control over supported oxide
NSs could enable a wide range of catalytic properties for the rational design of
highly efficient catalysts.

0 21: Poster Session lI: Solid-liquid interfaces: Reactions and electrochemistry |
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021.1 Mon13:30 P
Stable and cost-efficient core-shell catalysts for enhanced acidic oxygen
evolution-a first principles approach — «YoNGHYUK Lee"?, CHrisTOPH

ScHEURER"?, and KaRSTEN REUTER"? — Technical University Munich, Ger-

many — 2Fritz-Haber-Institut der Max-Planck-Gesellschaft, Germany

Most commercial oxygen evolution reaction (OER) catalysts in proton exchange
membrane electrolyzers contain precious IrO, due to its high catalytic activity
and favorable stability in acidic electrolytes. IrO, supported on rutile TiO, has
been utilized in order to reduce the price without sacrificing activity. However,
thin IrO, films seem generally not stable on titania and a gradual dewetting of
the film takes place.

In the present work, we use density-functional theory (DFT) calculations to
further scrutinize the feasibility of encapsulating a cheap rutile TiO, core with
thin coherent IrO, or RuO, films as potentially stable catalyst materials for water
electrolysis. We calculate facet-resolved interface formation energies and works
of adhesion to quantify the effect of interfacial strain, the stability of the oxide
interfaces and their strong directional dependence. A wetting tendency results
only for some low-index facets under experimental gas-phase synthesis condi-
tions. Surprisingly, ab initio thermodynamics indicates a significantly better wet-
ting stability for lattice-matched RuO, films in more oxidizing conditions such
as under OER operation. The calculations also predict an enhanced OER activity
of epitaxial RuO,/TiO, core-shell particles. [1] D. Opalka et al., ACS Catal. 9,
4944 (2019).

0212 Mon13:30 P
Interaction of Small Alcohols with TiO, studied by Vibrational Sum Fre-
quency Spectroscopy — *ANUPAM BERA, DENISE BULLERT, and ECKART Has-
SELBRINK — Fakultit fiir Chemie, Universitat Duisburg-Essen, D-45117 Essen,
Germany
The interaction of alcohols with oxide surfaces such as TiO, attracts interest as
the oxidation of these species is of large industrial relevance. The interaction of
TiO, with alcohols has attracted less interest although oxidation of the latter is
of large industrial relevance.Surface-sensitive vibrational sum frequency spec-
troscopy (VSES) has been utilised to study the adsorption chemistry of small
alcohols namely methanol, ethanol, 1-propanol and 2-propanol on TiO, thin
films under vapour pressure conditions at which a condensed molecular film is
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maintained. The vSF spectra in the C-H region reveal that methanol and ethanol
adsorb both molecularly and dissociatively, while 1-propanol and 2-propanol are
solely detected in molecular form. The different adsorption behaviour suggests
that the extend of dissociation decreases from methanol to propanol. Moreover,
polarisation analysis of the spectra reveals that the methyl groups are prefer-
entially oriented with their symmetry axis pointing in a direction close to the
surface normal for methanol, ethanol and 1-propanol. That seems not to be the
case for 2-propanol.

0213 Monl13:30 P
Cooperative Effect of Carbonaceous Material with Water Enhances the
Growth of SiOx on Si — *Rém1 Dupuy!, CLEMENS RICHTER!, P1p CJ CLARK?,
ROSSELLA YIVLIALINZ, MICHAEL ] SEAR? , MARCO FAVAROZ, ROBERT SCHL(“)GLI,
Davip E Starr?, and HenDrik BLuam' — !Fritz Haber Institute of the
Max Planck Society, D-14195 Berlin, Germany — ’Institute for Solar Fuels,
Helmholtz-Zentrum Berlin fiir Materialien und Energie GmbH, D-14109 Berlin,
Germany
We have investigated the influence of carbonaceous materials on the growth of
SiOx layers on Si under dry conditions and in the presence of water and/or water
vapor. Dip-and-pull experiments were carried out using the SpAnTeX endstation
using tender X-rays (3 keV) from the KMC-1 beamline at BESSY II. Si wafers (n-
doped) cleaned using the RCA-method exhibited initially a uniform SiOx film
thickness of the order of 1 nm, as determined from Si 2p and Si 1s spectra.

In the dip-and-pull experiments the Si wafers were partly immersed into pure
water or octanoic acid, as well as mixtures of water and stearic or octanoic acid.
The XPS data clearly show a correlation between the thickness of the SiOx layer
and the amount of carbon present at the surface. However, this effect is only
observed in experiments where the Si wafer was exposed to both water and car-
bonaceous species. Oxide growth was not observed for experimental conditions
where the SiOx/Si surface was exposed to only either water or carbonaceous ma-
terial. These results thus point to a cooperative effect between water and carbona-
ceous species that induces SiOx growth.
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0214 Mon13:30 P
2D water structures on low index Pt surfaces — ¢ALEXANDRA C. DAVILAI,
NicoLas G. HorMaNN"?, THORBEN EGGERT', and KARSTEN REUTER' —
Eritz-Haber-Institut der Max-Planck-Gesellschaft, Germany — 2Chair of The-
oretical Chemistry and Catalysis Research Center, Technische Universitit
Miinchen, Germany
It is a common approximation in ab initio calculations of electrocatalytic metal-
water interfaces, to use static ice-like water adlayers to represent the first solvent
shell on the electrode [1,2]. To date, these ice-like layers are typically created
manually and in an ad-hoc fashion. To extend this to a better defined proto-
col that also allows to generate a larger statistical ensemble of ice-like adlayers,
we here develop a versatile construction recipe leveraging lattice-matching al-
gorithms in combination with a database of metastable 2D water polymorphs.
We illustrate the approach for Pt (100), (110) and (111) surfaces, and systemati-
cally compute the energetics, as well as geometric and electronic properties of the
created structures using density-functional theory. Comparison to correspond-
ing literature data from full ab initio molecular dynamics simulations allows to
gauge the accuracy of the prevalent single ice-adlayer approximation and assess
ice-ensemble averaging as a controlled and cost-efficient proxy.

[1] S. Schnur et al., New J. Phys. 11, 125003 (2009).
[2] J. Rossmeisl et al., Chem. Phys. Lett 466, 68 (2008).

0215 Mon13:30 P
Ni modified Fe304(001) surface as a simple model system for understand-
ing the Oxygen Evolution Reaction — «FRANCESCA MIRABELLA"Z, MATTHIAS
MﬁLLNERz, TaOMAS TOUZALIN® , MICHAEL SCHMIDZ, MARC KOPER3, GARETH
ParkINsON?, and ULRIKE DieBoLD?> — !Bundesanstalt fiir Materialforschung
und -prifung (BAM), Berlin, Germany — ’TU Wien, Vienna, Austria —
*Leiden Institute of Chemistry, Leiden University, The Netherlands
Electrochemical water splitting is an environmentally friendly technology to
store renewable energy in the form of chemical fuels. Among the Earth-
abundant first-row transition metal-based catalysts, mixed Ni-Fe oxides have
shown promising performance for effective and low-cost catalysis of the oxygen
evolution reaction (OER) in alkaline media, but the synergistic roles of Fe and
Ni cations in the OER mechanism remain unclear. In this work, we report how
the Ni-modification changes the reactivity of a model iron oxide catalyst using
a combination of surface science techniques in ultra-high-vacuum (LEED, XPS,
LEIS, STM), AFM in air, and electrochemical methods (CV and EIS) in alka-
line media. A significant improvement in the OER activity is observed when the
surface presents an Fe:Ni ratio in the range 20-40%, which is in good agreement
with what has been observed for powder catalysts. EIS suggests that the OER
precursor species observed on the clean and Ni-modified surfaces are similar,
but form at lower overpotentials when the surface Fe:Ni ratio is optimized. We
propose that the well-defined Fe304(001) surface can serve as a model system
for understanding the OER mechanism on mixed Fe/Ni oxides.

0216 Mon13:30 P
Active-Site Computational Screening: Role of Structural and Compositional
Diversity for the Electrochemical CO2 Reduction at Mo Carbide Catalysts —
eHaoBo L1' and KarsTEN REUTER"? — 'Technical University of Munich, Licht-
enbergstr. 4, D-85747 Garching, Germany — *Fritz-Haber-Institut der Max-
Planck-Gesellschaft, 14195 Berlin, Germany
The surfaces of compound catalyst materials generally exhibit a wide range of ge-
ometric and compositional motives that could act as active sites. We address this

inherent complexity by extending computational materials screening over a di-
verse set of such sites. For the electrochemical CO2 reduction reaction (CO2RR)
at molybdenum carbides, extensive density functional theory (DFT) calculations
for key reaction intermediates at these sites show that di*ering adsorption modes
break many of the scaling relations known to hold across transition metals. De-
spite the resulting inherently rich reduction chemistry, clear trends emerge. No-
tably, this includes a product selectivity governed by the metal/carbon ratio of
the active site. The trend toward methanol formation for C-containing active
sites mirrors thermal heterogeneous CO2 activation and suggests a shift of focus
toward more C-rich carbides for CO2RR to methanol [1].
[1] H. Li and K. Reuter, ACS Catal. 10, 11814 (2020).

O021.7 Mon13:30 P
When to stop the count? - Time scales of liquid water on metal substrates
— *THORBEN EGGERT, NicoLAs G. HORMANN, and KARSTEN REUTER — Fritz
Haber Institute of the Max Planck Society, Berlin, Germany
The detailed arrangement of water layers at a metal surface plays a crucial role
for a plethora of different properties concerning the solid-liquid interface like the
work function or the adsorption energy [1]. However, reliably determining this
arrangement through predictive-quality simulations generally requires compu-
tationally most demanding ab initio molecular dynamics (MD) simulations with
explicit water. In practice, the high costs then often allow to acquire trajectories
only over limited simulation times and in simulation cells of limited size.

We examine this problem with reactive force field MD simulations, collect-
ing data over extended time scales of a few nanoseconds. As a test system, we
study water films on Pt(111) for various thicknesses. While running averages
look highly converged on the limited time scale of ab initio MD simulations, sig-
nificant differences are found when comparing them to results obtained on the
nanosecond time scale. This showcases the difficulty of generating a representa-
tive subset of the relevant configurational space in a controlled fashion.

[1] A. Grof3 et al., ]. Electrochem. Soc. 161, E3015-E3020 (2014).

0218 Mon13:30 P
Boosting Hydrogen Evolution Reaction Activity by Lateral Electrode Struc-
turing — <THOMAS L. MAaIER!, MATTHIAS GOLIBRZUCH?, TINA ANGERER',
MAaRKUS BECHERER?, and KATHARINA KRiSCHER! — 1Nonequilibrium Chem-
ical Physics, Technical University of Munich, Garching, Germany —
Nanoelectronics, Technical University of Munich, Munich, Germany
Producing solar fuels with devices based on metal-insulator-semiconductor
(MIS) interfaces is a very promising future technology for a renewable energy
economy. The semiconductor part of such hybrid devices can provide efficient
light absorption while the metal part facilitates fast reaction kinetics. However,
in order to fulfil these two functionalities, the device requires patterning of the
MIS interface.

‘We show that lateral structuring of silicon-based electrodes with well-defined
gold arrays exhibits cooperative effects, i.e. strongly altered catalytic activities
compared to bare metal surfaces. We demonstrate this with the hydrogen evolu-
tion reaction (HER) in acidic and alkaline medium and show that the HER rate
scales with the interfacial area between the metal catalyst and the adjacent silicon
oxide support. The rate of alkaline HER can be enhanced by an order of magni-
tude, which results in a very similar HER activity in alkaline and acidic medium.
We explain this increase by a bifunctional mechanism at the metal/silicon oxide
interface and argue that the lateral structuring changes locally the electric field,
which increases the reaction rate of alkaline HER at the interface compared to
the rate at the metal bulk.

0 22: Poster Session II: New methods Il

Time: Monday 13:30-15:30

0221 Monl1330 P
Enabling size convergence for surface calculations of materials exhibiting
spontaneous polarization — «Su-HYuN Yoo!, Mira Toporova', LivErios
LYMPERAKIS!, CHRIS VAN DE WALLE?, and J6RG NEUGEBAUER' — 1Department
of Computational Materials Design, Max-Planck-Insitut fiir Eisenforschung
GmbH, Diisseldorf, Germany — *Materials Department, UCSB, USA
The most common approach to describe surfaces in density-functional theory
is the repeated slab geometry based on periodic boundary conditions. A com-
mon strategy to avoid artificial charge transfer from one side of the slab to the
other when modelling semiconductor surfaces is to passivate partially filled sur-
face dangling bonds at the backside of the slab. Using the example of wurtzite
(0001) surfaces we demonstrate that conventionally used passivation schemes
(e.g. pseudo H or surface reconstructions) break down for materials exhibiting
spontaneous polarization. We have therefore developed a generalized passiva-
tion method that accounts for the effect of spontaneous polarization and cor-
rectly describes the asymptotic bulk limit for pyroelectric materials. It is robust
and ensures quick convergence of total energies and electronic structure with

37

Location: P

respect to system size. The performance of our approach will be demonstrated
using the example of wurtzite ZnO polar [1] and wurtzite GaN semi-polar sur-
faces [2].

[1] S. Yoo, M. Todorova, D. Wickramaratne, L. Weston, C. Van de Walle, and
J. Neugebauer, NP] Computational Materials (submitted).

[2] S. Yoo, L. Lymperakis, and J. Neugebauer (in preparation).

0222 Monl13:30 P
WannierBerri code - a fast python code for Wannier interpola-
tion. — eSTEPAN TSIRKINI, XIAOXIONG LIUI, MINSU GHIMZ, PATRICK
LENGGENHAGER2’3’6, IN1GO ROBREDO4, MIGUEL ANGEL JIMENEZ HERRERAS,
J1 Hoon RYOOZ, JAE-Mo LIHMZ, CHEOL-HwaN PARKZ, and Ivo Souza®
— "University of Zurich — *Seoul National University — *ETH Zurich —
“Donostia International Physics Center, Spain — >CEM, Universidad del Pais
Vasco, Spain — Ppaul Scherrer Institute, Villigen PSI, Switzerland
We present WannierBerri (WB) [1] - a new Python code for Wannier interpo-
lation, which is close in spirit to the postprocessing module of the well-known
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Wannier90 code [2] (postw90.x), but improves over it by implementing a num-
ber of methodological advances [3], which boost the speed of computations by
orders of magnitude, enabling to study more complex materials with higher ac-
curacy without demanding enormous computational resources. A plethora of
quantities are implemented, such as anomalous Hall conductivity, orbital mag-
netization, Berry curvature dipole, and spin Hall conductivity, among many oth-
ers. WB is also capable of evaluating analytical covariant derivatives of the Berry
curvature and orbital moment, which allows to study different magnetotransport
phenomena, and also to implement Fermi-sea formulations of Berry dipole.

[1] http://wannier-berri.org

[2] http://wannier.org

[3] https://arxiv.org/abs/2008.07992

0223 Mon13:30 P
Frequency and momentum-resolved detection of non-thermal gigahertz
phonons with Fano coupling to charge carriers — «THOMAS VASILEIADIS,
HenG ZHANGz, Ha1 WANGZ, MiscHA BONNZ, GEORGE FYTASZ, and BARTLOMIE]
Graczykowskr' — !Faculty of Physics, Adam Mickiewicz University, Uniwer-
sytetu Poznanskiego 2, 61-614 Poznan, Poland. — 2Max Planck Institute for
Polymer Research, Ackermannweg 10, 55128 Mainz, Germany.
Spontaneous micro-Brillouin light scattering (u-BLS) can probe gigahertz
acoustic phonons in nano-confined materials with momentum and spatial res-
olution. However, the downsizing of the scattering volume implies weak BLS
signals, sample overheating, and damage [1]. In this work, we present pumped-
BLS [2], an all-optical technique that generates non-thermal acoustic phonons
with ultrashort laser pulses and probes them with frequency- and momentum-
resolution. Using pumped-BLS we show: (i) a hundred-fold enhancement of BLS
spectra, compared to equilibrium, of 260 nm thick Si membranes due to pho-
toexcited non-thermal gigahertz phonons, (ii) Stokes / anti-Stokes asymmetry
due to asymmetric non-thermal phonon propagation and (iii) strongly asym-
metric Fano resonances due to coupling between the electron-hole pairs and the
phonons. This project is funded from NCN (UMO-2018/31/D/ST3/03882), ERC
(grant no. 694977) and FNP (POIR.04.04.00-00-5D1B/18). TV acknowledges
funding from the European Union’s Horizon 2020 research and innovation pro-
gramme. [1] M. Sledzinska, et al. Adv. Funct. Mater. 30 (8), 2020. [2] Th.
Vasileiadis et al. Science Advances 6 (51), eabd4540, 2020.

0224 Mon13:30 P
Bound in the continuum modes in indirectly-patterned hyperbolic media
— eHANAN HERzIG SHEINFle, LoRreNZzO ORSINII, MINWOO ]UNGZ, Iacoro
ToRRE! , MATTEO CeccaNnTI! ,ELI IANZEN3 , JAMES EDGAR® , GENNADY SHVETS? S
and Frank H Koppens' — 'ICFO, Spain — 2Cornell university, USA — >Kansas
state university, USA
Conventional optical cavities support one or more modes, which are unable to
leak out of the cavity. Bound state in continuum (BIC) cavities are an uncon-
ventional alternative, where there are available channels for the mode to leak
through, but it remains confined due to destructive interferences. BICs are a
general wave phenomenon. It is interesting to consider BICs in the context of
hyperbolic media (HyM), as a way to produce cavties with extremely small mode
volume and enhanced light matter interaction. However a hyperbolic BIC cav-
ity presents a fundamental challenge, since the cavity’s HyM cladding supports

an infinite number of modes which would need to interfere. Here, we intro-
duce hyperbolic BICs (hBICs) and construct the first BIC-based nanocavities.
These hBICs are formed through a novel multimodal reflection spatial mecha-
nism, to do with the vanishing spatial overlap between ray-like excitations in a
HyM and all leakage channels. Using near-field microscopy, we directly observe
this asymmetrically enhanced reflection and demonstrate mid-IR nanocavities
with volumes down as small as 15x15x3nm and quality factors reaching above
100, a dramatic improvement in several metrics of confinement.

0225 Monl3:30 P
Elucidation of Disordered Mesopore Constructs: A Kernel-Based Approach
— HENRY R. N. B. ENNINFUL, DIRK ENKE, and RUSTEM VALIULLIN — Leipzig
University
Detailed characterisation of the structure of mesoporous solids presents key in-
sights into the accurate design of various industrial applications such as cataly-
sis, molecular separations and adsorption, among others. Routine characterisa-
tion tools, such as gas sorption, typically utilise the general adsorption isotherm
(GAI) equation derived for ordered pore systems. For disordered porous solids,
the complex morphology with its resulting cooperativity effects in thermody-
namic phase transitions renders characterisation more complex than what the
GAI supports.

Herein, we present a kernel-based approach with the serially connected pore
model (SCPM); an extension of the GAI which incorporates cooperativity effects
in phase transitions arising from pore complexity. Modelled as a statistical linear
chain of pores, the SCPM is validated with data from solid-liquid phase transi-
tions of water in synthesized porous silica material of similar pore construct,
MCM-41. To show its robustness, we employ the SCPM to reveal disorder in
SBA-15 mesoporous solid.

0226 Monl3:30 P
Single-Hemisphere Photoelectron Momentum Microscope with Time-of-
Flight Recording — ¢GERD SCHONHENSE, SERGEY BABENKOV, DMITRY
VASILYEV, HANs-JoAcHIM ELMERS, and KATERINA MEDJANIK — Johannes
Gutenberg-Universitat, Institut fir Physik, 55128 Mainz, Germany
Photoelectron momentum microscopy is an emerging powerful method for
angle-resolved photoelectron spectroscopy (ARPES). These instruments record
k, - k, images, typically exceeding a full Brillouin zone. As energy filters double-
hemispherical [1] or time-of-flight (ToF) [2] devices are in use. Here we present
a new approach for momentum mapping of the full half-space, based on a large
single hemispherical analyzer [3]. Excitation by an unfocused He lamp yielded
an energy resolution of 7.7 meV. The method circumvents the preconditions of
previous theoretical work on the resolution limitation due to the alpha-square
term and the transit-time spread (detrimental for time-resolved experiments).
Data recording in the Fourier plane allows for large range of entrance angles in
the analyzer (up to +7°, opposed to typically +2° in conventional analyzers). A
dispersive-plus-ToF hybrid mode with ToF analyzer behind the exit slit yields a
gain up to N” in recording efficiency (N number of resolved time slices). A key
application will be ARPES at sources with high pulse rates like synchrotrons with
500 MHz time structure; the prototype will be installed at Diamond, UK. [1] C.
Tusche et al., Ultramicrosc. 159, 520 (2015); [2] K. Medjanik et al., Nature Mat.
16, 615 (2017); [3] G. Schonhense et al., Rev. Sci. Instrum. 91, 123110 (2020).

0 23: Poster Session Il: Topology and symmetry-protected materials

Time: Monday 13:30-15:30

0231 Mon13:30 P
Discovery of chiral topological semimetals with multifold fermions and long
surface Fermi-arcs — «NIELs B. M. SCHROTER — Swiss Light Source, Paul
Scherrer Institute, CH-5232 Villigen PSI, Switzerland
Chiral topological semimetals (which possess neither mirror nor inversion sym-
metries) are a new family of topological materials that are expected host numer-
ous novel phenomena, such as multifold fermions with large topological charge,
long Fermi-arc surface states, and a quantized response to circularly polarized
light. However, until recently, all known topological semimetals crystallized in
space groups that contain mirror operations, which means that the aforemen-
tioned phenomena must vanish.

Here, I will present evidence from angle-resolved photoelectron spectroscopy
that a family of chiral intermetallic catalysts, including PtAl and PdGa, are chi-
ral topological semimetals. We directly visualize the multifold fermions in these
compounds and show that they carry the largest possible Chern number that can
be realized in any solid by imaging their extremely long surface Fermi-arcs and
resolving a spin-orbit coupling induced band splitting. We also show experi-
mentally that there is a direct relationship between the handedness of the crystal
structure and the electronic chirality (i.e. the Chern number sign) of the mul-
tifold fermions. This finding demonstrates that structural chirality can be used
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as a control parameter to manipulate phenomena that are sensitive to electronic
chirality, such as the direction of topological photocurrents.

0232 Monl13:30 P
Spin and orbital texture of the Weyl semimetal MoTe, studied by spin-
resolved momentum microscopy — *KENTA HAGIWARAI, XIN LIANG TANI,
PHiLIPP Rt"JSSMANNl, YiNGg-JiuN CHENl'z, Kojn FUKUSHIMA3, Kent UENO3, Vi-
TALIY FEYERI, SHIGEMASA SUGA1’4, STEFAN BLUGEL! , CLAUS M. SCHNEIDERI’Z,
and CHrisTiAN TuscHe"? — !Peter Griinberg Institut, Forschungszentrum
Jiilich, 52425 Jillich — ?Fakultiit fiir Physik, Universitit Duisburg-Essen, 47057
Duisburg — 3Saitama University, 338-8570, Saitama, Japan — 4Osaka Univer-
sity, 567-0047, Osaka, Japan
Weyl semimetals host chiral fermions in solids as a pair of non-degenerate linear
dispersions with band crossing points in bulk. These Weyl points are protected
by topology, forming a Fermi arc, which is a connection between a pair of Weyl
points with opposite chirality at the surface. Momentum microscopy provides
two dimensional photonelectron maps of the in-plane crystal momentum over
the whole Brillouin zone, simultaneously. Together with an imaging spin fil-
ter, we have revealed the spin-resolved electronic structure of the type-II Weyl
semimetal 1T; MoTe, in the full Brillouin zone. Combined with the use of dif-
ferently polarized light, we have revealed the spin texture and the orbital texture
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of the Weyl cones in comparison with first-principles calculations. We give evi-
dence that a pair of Weyl cones exhibits a strong circular dichroism with reversed
sign, indicating the different charge of the respective Weyl points in the Fermi
surface.

0233 Mon13:30 P

Observation of backscattering induced by magnetism in a topological edge
state — «BERTHOLD ]AECKI’Z, YONGLONG X1E1’3, BOGDAN ANDREI BERNEVIGI,
and AL1 Yazpanr' — !Princeton University, Joseph Henry Laboratories and
Department of Physics, Princeton, USA — “Present Address: The Hong Kong
University of Science and Technology, Department of Physics, Clearwater Bay,
Kowloon, Hong Kong — 3Present Address: Harvard University, Department of
Physics, Cambridge, USA
We have investigated the effects of time-reversal symmetry breaking on the
topological edge state of bismuth. Using spectroscopic imaging and spin-
polarized measurements with the STM, we have compared quasiparticle inter-
ference (QPI), occurring in the edge state of a pristine bismuth bilayer with that
occurring in the edge state of a bilayer, which is terminated by ferromagnetic iron
clusters. Our experiments on the decorated bilayer edge reveal an additional QPI
branch that can be associated with spin-flip scattering across the Brioullin zone
center between time-reversal band partners. The observed QPI characteristics
exactly match with theoretical expectations for a topological edge state, having
one Kramer’s pair of bands. Our results provide further evidence for the non-
trivial nature of bismuth and, in particular, demonstrate backscattering inside a
helical topological edge state induced by broken TRS through local magnetism
(1.

This work is supported by the ONR, the Moore foundation, NSF-DMR, NSF-
MRSEC and the Humboldt foundation.

(1) B. Jack et al., PNAS 117 (28), 16214-16218 (2020)

0234 Mon13:30 P
Unveiling the complex band structure of the potential non-symmorphic
topological insulator TaNiTe, — «TiM FIGGEMEIER', JENNIFER NEU?, SIMON
MOSER3, Davip J. SINGH4, THEO M. SIEGRIST2’5, HENDRIK BENTMANNI, and
FrIEDRICH REINERT' — !Experimentelle Physik VII, Universitat Wiirzburg
— ’National High Magnetic Field Laboratory, Tallahassee, Florida —
3Experimentelle Physik IV, Universitit Wiirzburg — *University of Missouri,
Columbia, Missouri — 5College of Engineering, FAMU-FSU, Tallahassee,
Florida

NbNiTe, and TaNiTe, are layered van-der-Waals systems. While NbNiTe, was
discussed as a Weyl-semimetal candidate lately [1,2], TaNiTe, (space group #53,
Pmna) is predicted to be a topological insulator with non-symmorphic crystal
structure, characterized by a topological inavriant of Z, = 1, that have rarely
been studied experimentally up to now [3]. In this study we investigated the elec-
tronic structure of TaNiTe, by means of angle-resolved photoemission (ARPES)
experiments and first-principles calculations. Systematic photon-energy- and
polarization-dependent measurements allow us to disentangle the highly com-
plex band structure. Furthermore, we discuss indications for the presence of a
topological surface state.

[1] Wang et al., PRB 95, 165114 (2017)

[2] Neu et al., PRB 100, 144102 (2019)

[3] Vergniory et al, Nature 544, 480-450 (2019)

0235 Monl13:30 P
Molecular beam epitaxy and spectroscopy on the antiferromagnetic topologi-
cal insulator (MnBi, Te,) (Bi, Te;) — «PHILIPP KAGERER"?, CELSO FORNARI' 7,
SEBASTIAN BUCHBERGER ’“, SERGIO Luiz MORELHAO3, RAPHAEL CRE-
spo ViparLl? , ABDUL TCAKAEV4’2, VOLODYMYR ZABOLOTNYY4’2, EUGEN
WESCHKE®, VLADIMIR Hinkov*?, MarTIN Kamp®, BERND BUcHNER>"S,
ANNA ISAEVA2’7’8, HENDRIK BENTMANNI‘Z, and FRIEDRICH REINERT? — 1Exp.
Physik VII, Uni Wiirzburg — *Wiirzburg-Dresden Cluster of Excellence ct.qmat
— 3Inst. de Fisica, Univ. de Sao Paulo — *Exp. Physik IV, Uni Wiirzburg —
>HZB Berlin — ®Phys. Inst. and RCCM, Uni Wiirzburg — ”Leibnitz IFW Dres-
den — ®Inst. fiir Festk.- und Materialphysik, TU Dresden
With the discovery of MnBi, Te, as the first antiferromagnetic topological insu-
lator, the material systems has emerged as a candidate for applications in quan-
tum technologies [1]. Presently, the interplay between magnetism and topology
in this compound is not fully understood. We have established the MBE-growth
of (MnBi,Te,)(Bi, Te;) heterostructures on BaF, as a basis for further research
into the magnetic and electronic properties of these compounds [2]. MBE allows
us to access and tailor various structural as well as electronic material properties
and may give access to the underlying physics. We will present a study on the
growth of the compound including an analysis of XRD patterns, as well as pho-
toemission and XMCD/XLD results. [1] M.M. Otrokov et al., Nature 576, 416
(2019) [2] P. Kagerer et al., JAP 128, 135303 (2020)

0 24: Poster Session ll: Plasmonics and nanooptics Il

Time: Monday 13:30-15:30

0241 Mon13:30 P

Direct observation of Surface Plasmon Polaritons on permalloy nanostruc-
tures with femtosecond photoemission electron microscopy — eMAXIMILIAN
PaLEscHKE and WOLF WIDDRA — Martin-Luther-Universitat Halle-Wittenberg,
Halle (Saale), Germany
Due to remarkable progress in nanofabrication on the one hand and magneto
optical methods on the other, the vivid field of magnetoplasmonics has become
more and more accessible by a variety of excitation and investigation techniques.

Although it is well established that surface plasmon polaritons (SPP) can
be imaged by photoemission electron microscopy (PEEM) in silver nanostruc-
tures[1], similar observations have not been reported for ordinary ferromagnetic
materials like iron or nickel. Here, we report on dichroism images in thresh-
old photoemission facilitating a tuneable femtosecond laser setup. The dichro-
ism images show clear edge-induced standing waves with sub-micrometer wave-
length. Analyzing the observed beating pattern as well as the coupling of the
photon’s spin-angular momentum to the direction of the fringe fields hint to
propagation characteristics exclusive to evanescent waves, such as SPPs.[2, 3]
This implies the possibility that many materials with a high plasma frequency
allow for excitation and experimental observation of SPPs via this method.
[1] M. Dabrowski et al., Chem. Rev. 120, 6247 (2020)
[2] A. Y. Bekshaev et al., Nature Com. 5, 8 (2014)
[3] Y. Dai et al., ACS Photonics 6, 2005 (2019)

0242 Monl13:30 P
Particle Plasmon Induced Electronic Excitations on Silicon and Tetracene
Crystals oKaTHARINA ENGsTER", KEgVIN OLDENBURG?, CHRIS
REHHAGENI’Z, STEFAN LOCHBRUNNERI’Z, KARrL-HEINZ MEIWES—BROERI’Z,
Syivia SpELLER"Z, and INGo Barke!? — 'Institut fiir Physik, Universitit Ro-
stock, Germany — 2Department Leben-Licht-Materie, Universitit Rostock,
Germany
Utilizing plasmonics of metal nanoparticles to locally excite organic semicon-
ductors is promising with respect to transfer energy from a defined starting
point over longer distances. Two-photon photoemission electron microscopy
(2P-PEEM) enables observation of near-fields with high lateral resolution due to
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the increased photoemission yield. With excitation spectroscopy we show that
the particles can be addressed individually by their distinct plasmonic proper-
ties [1]. This results in an enhanced excitation of both, the substrate and nearby
organic structures. The coupling to the substrate was studied by analyzing the oc-
curring surface photovoltage (SPV) on Si(100)-(2x1). The distance dependence
from the particles reveals an enhanced plasmon induced charge carrier density
in the vicinity of the nanoparticles. For tetracene nanostructures we observe a
plasmonically assisted local triplet exciton density. We do not observe clear mi-
gration in these small structures, which we attribute to inhomogeneities of the
molecule aggregate [2]. Therefore, we present first measurements on larger, so-
lution grown tetracene microcrystals.

[1] K. Oldenburg et al., J. Phys. Chem. C 123 (2019).

[2] G. M. Akselrod et al., Nat. Commun. 5 (2014).

0243 Monl13:30 P
Combining GW-BSE and PCM approaches for the description of real time
electronic dynamics of molecules close to a plasmonic nanoparticle: applica-
tion to LiCN and p-nitro-aniline (PNA) molecules. — «MARGHERITA MAR-
siLI and STEFANO CorNI — Dipartimento di Scienze Chimiche, Universita di
Padova, via Marzolo 1, Padova, Italy
In the presence of a plasmonic nanoparticle (NP) the optical response of
molecules is strongly modified. The theoretical modeling of this phenomenon is
especially challenging due to the inherent multiscale nature of the system. Re-
cently, the simulation of the simultaneous electronic dynamics of molecule and
NP was achieved by combining a time-dependent configuration interaction ap-
proach for the molecule, and a description of the NP as a continuous dielectric.
The model takes into account the reciprocal effect of the molecule and NP time-
dependent polarization, and the coupling with an external electromagnetic field.
‘We combine this approach with the description of the molecule at the GW-BSE
level, which is suited to treat extended and charge-transfer systems. We apply this
methodology to study Rabi oscillations of the ground and excited states popu-
lation of a LICN molecule, an ideal test system for the study of optical dipole
switching. The molecule is set at increasing distances with respect to a plas-
monic NP probing the local field enhancement and the strength of the mutual
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interaction. Moreover, the population and dipole dynamics of the prototypical
push-pull PNA molecule in proximity of a tip-shaped NP is studied with the tip
scanning the molecule at different positions.

0244 Mon1330 P
Mechano-optical switching of a single molecule with doublet emission —
JIRE DOLEiALl, PINGO MUTOMBol, DaNA NACHTIGALLOVAZ, PAVEL ]ELfNEKl,
+PaBLO MERINO’, and MARTIN SvEc! — !Institute of Physics, Czech Academy
of Sciences, Praha, Czech Republic — *Institute of Organic Chemistry and
Biochemistry of the Czech Academy of Sciences, Praha, Czech Republic —
3Instituto de Ciencia de Materiales de Madrid, CSIC, Sor Juana Inés de la Cruz
3, E28049, Madrid, Spain
Phthalocyanine and derived metal complexes on thin insulating layers studied
by scanning tunneling microscope-induced luminescence (STML) offers an ex-
cellent playground for tuning their excitonic and electronic states by Coulomb
interaction and to showcase their high environmental sensitivity.[1] Copper ph-
thalocyanine (CuPc) has an open-shell electronic structure and its lowest-energy
exciton is a doublet which brings interesting prospects in its application for op-
tospintronic devices. Here, we demonstrate that the excitonic state of a single
CuPc molecule can be reproducibly switched by atomic scale manipulations per-
mitting precise positioning of the molecule on the NaCl ionic crystal lattice.[2]
Using a combination of STML, AFM and ab-initio calculations, we show the
modulation of electronic and optical bandgaps, and the exciton binding energy
in CuPc by tens of meV. We explain this effect by spatially-dependent Coulomb
interaction occurring at the molecule-insulator interface, which tunes the local
dielectric environment of the emitter.
[1]]. Dolezal et al., Nano Letters, 19 8606 (2019).
[2] J. Dolezal et al., ACS Nano, 14, 8931 (2020).

0245 Mon13:30 P
Vibrational Heating of a Single C60 Molecule in a Current-Carrying Plas-
monic Picocavity — <BORrja CirerA', CHENFANG LiN', Smuvr Liv', Yarr
LITMANZ, ALAA AKKOUSHZ, MARTIN WOLFI, MARIANA ROSSIZ, and TAKASHI
Kumacar® —'pC Department Fritz Haber Institute, Berlin, Germany — 2MPI
for Structure and Dynamics of Matter, Hamburg, Germany — 3IMS, Okazaki,
Japan
Vibrational heating in single-molecule junctions under non-equilibrium condi-
tions is of fundamental importance in molecular electronics. Here we report
on single-molecule thermometry of fullerene (C60) in a current-carrying plas-
monic picocavity by combining tip-enhanced Raman spectroscopy (TERS) with
low-temperature scanning tunneling microscopy (STM). Thanks to the excep-
tional sensitivity of TERS, intense Stokes and anti-Stokes Raman bands can be
observed from single C60, enabling direct access to heating of individual vibra-
tional modes. The precise gap-distance control in STM allows performing single-
molecule thermometry in two distinct regimes, where the molecule is in contact
with one or two electrodes (tip/surface), respectively. In both cases, optically
induced heating is dominant for low bias voltages. At high bias voltages, the vi-
brational population is increased by injecting electrons into the LUMO of C60
in tunneling conditions. Upon contacting with both electrodes, the molecule

strongly hybridizes with metallic states and vibrational pumping is dominated
by inelastic electron scattering due to a much larger current density.

0246 Mon13:30 P
Plasmon-excited near-field luminescence of semiconductor quantum dots
— oVLASTIMIL KRAPEK, PETR DVORAK, LUKAS KEJiK, MICHAL KvVAPIL, PETR
LKA, JaN KrPENsKY, and Tom4$ SikoLa — Brno University of Technology,
Brno, Czech Republic
On-chip integration of light sources would benefit from near-field handling of
the emission with a subwavelength spatial resolution. Here we present a fully
near-field photoluminescence study of semiconductor quantum dots, with a sur-
face plasmon interference device (SPID) used for the excitation and an aperture-
type scanning near-field optical microscope (SNOM) combined with a spetrom-
eter for the collection.

The SPID consists of an opaque metallic layer with thin subwavelength slits
fabricated using focused-ion-beam milling. When illuminated from bottom, a
near-field standing wave forms at the top interface [1,2,3] where it excites quan-
tum dots deposited directly at the top interface.

We demonstrate the plasmon-excited near-field luminescence of CdSe/ZnS
quantum dots with rather a weak effect of the excitation mechanism on the spec-
tral profile of the emitted light. This makes the plasmon-excited luminescence a
suitable tool for the on-chip integration of semiconductor light sources, as well
as a characterization technique with the subwavelength spatial resolution.

[1] P. Dvordk et al., Nano Lett. 13, 2558 (2013).

[2] P. Dvorék et al., Opt. Express 25, 16560 (2017).

[3] P. Dvorék et al., Nanoscale 45, 21363 (2018).

0247 Mon13:30 P
Hot electrons masquerading as plexcitons in J-aggregate/ plasmonic
nanoparticle systems — «VicToria C. A. TaYLOR', SARA NUNEZ-SANCHEZ?,
and THOMAS A. A. OLIVER® — ! Fritz Haber Institute of the Max Planck Society,
Faradayweg 4-6, 14195 Berlin, Germany — “Universidade de Vigo, Departa-
mento de Quimica Fisica, Campus Universitario As Lagoas, Marcosende, 36310
Vigo, Spain — >School of Chemistry, University of Bristol, Bristol, BS8 1TS, UK
Surface plasmon polaritons (SPPs) can produce localised high electric field
strengths. Through strong coupling with quantum emitters, they can create hy-
brid states with novel and promising properties. Excitons in J-aggregates, cou-
pled with SPPs on metallic nanoparticles, are ideal systems for studying these
effects. The hybrid quasiparticles that form in these systems under strong cou-
pling are sometimes referred to as plexcitons (plasmon/exciton). Several studies
have investigated the dynamics of these plexcitons and report lifetimes on the
order of picoseconds, which is in strong contrast to the tens of femtoseconds
lifetimes that are typically associated with SPPs.

In this work, we investigate the ultrafast transient absorption response of a
TDBC J-aggregate/hollow gold nanoshells (HGNs) hybrid system. Through our
excitation wavelength dependence measurements, and comparison with the re-
sponse of the uncoupled HGNs, we show that the observed picosecond signal
does not result from long-lived plexcitons; rather, it is caused by the hot electron
population that remains after the plexciton has dephased.
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0251 Mon13:30 P
Real-time MOKE measurements of CoTMPP on magnetic Ni/Cu(110)-
(2x1)0 *GIZEM MENDIREKl, ALEKSANDER BROZYNIAKZ, MICHAEL
HOHAGEI, ANDREA NAVARRO—QUEZEDA1’3, and PETER ZEPPENFELD'
Unstitut fiir Experimentalphysik, Johannes Kepler Universitat Linz, Altenberger
Str. 69, 4040 Linz, Osterreich — 2CD-Labor fiir Nanoskalige Phasenumwand-
lungen, Johannes Kepler Universitit Linz, Altenberger Str. 69, 4040 Linz, Oster-
reich — *Institut fiir Halbleiter und Festkorperphysik, Johannes Kepler Univer-
sitdt Linz, Altenberger Str. 69, 4040 Linz, Osterreich
In this work, we report real-time investigations of an organic/ferromagnetic in-
terface by employing a sinusoidal modulation of the magnetic field with the syn-
chronous detection of the Reflectance Difference Magneto-Optical Kerr Effect
(RDMOKE) signal. Besides improving the detection limit to variations of the
Kerr rotation angle below 1 yrad/mT, the present setup allows recording hys-
teresis loops continuously as a function of coverage, time or temperature. We il-
lustrate the capabilities of the setup for Ni thin films grown on a Cu(110)-(2x1)O
surface and the subsequent deposition of cobalt tetramethoxyphenylporphyrin
(CoTMPP) thin layers. The adsorption of the molecules induces characteris-
tic changes in the magnetic properties (magnetization amplitude, remanence
and coercive field) that are monitored as a function of the coverage with sub-
monolayer resolution and as a function of temperature, revealing the decrease
of the Curie temperature upon CoTMPP deposition on Ni films with different
thicknesses.
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0252 Monl13:30 P
Domain Walls in the Row-Wise Antiferromagnet Mn/Re(0001) — «MARTIN
GRUNEBOHM, JONAS SPETHMANN, ROLAND WIESENDANGER, KIRSTEN VON
BERGMANNV, and ANDRE KUBETZKA — Department of Physics, University of
Hamburg, 20355 Hamburg, Germany
Typical domain walls (DWs) in antiferromgnetic (AFM) systems can be de-
scribed by a coherent rotation, which allows a mapping onto ferromagnetic DWss.
Experiments show, that in fcc-stacked monolayers of manganese on Re(0001),
competing nearest and next-nearest neighbor Heisenberg exchange in combina-
tion with higher order interactions lead to a row-wise antiferromagnetic state
(or 1Q state) [1]. We find that DWs, that separate the rotational domains, can-
not be described by a coherent spin rotation. Instead, the low symmetry of the
row-wise AFM state facilitates a new type of DW, which connects rotational do-
mains by an opposite rotation of adjacent spin pairs across the wall. Interestingly,
the non-collinear spin texture in the center of the DW has an angle of 90° be-
tween neighboring spins, characteristic of a so-called 2Q state. We propose an
analytical description and test it using spin dynamics simulations based on DFT
calculations in comparison to spin-polarized STM measurements [2].
[1] J. Spethmann et al., Phys. Rev. Lett. 124, 227203 (2020).
[2] J. Spethmann et al., arXiv:2011.05678 (2020).
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0253 Mon13:30 P
Magnetic force microscopy on a cobalt thin film deposited on a trampoline-
type free hanging silicon nitride membrane — sDENISs GOMAN', DHAVALKU-
MAR MUNGPARAI, FEDERICO MASPEROZ, SIMONE CUCCURULLO3, Riccarpo
BErTACCO™, and ALEXANDER ScHwARz' — !Institute of Nanostructure and
Solid State Physics, University of Hamburg, Jungiusstrasse 11, 20355 Hamburg,
Germany — *CNR Istituto di Fotonica e Nanotecnologie, Piazza Leonardo da
Vinci 32, 20133, Milano, Italy — 3CNR Istituto di Fotonica e Nanotecnologie,
Piazza Leonardo da Vinci 32, 20133, Milano, Italy
We apply magnetic force microscopy (MFM) in ambient conditions employing
the lift mode to study the magnetic domain structure of a 130 nm thick cobalt
film deposited on a 1000 nm thick silicon nitride trampoline-type membrane
attached to a 0.2 mm thick silicon frame. The cobalt is deposited only onto the
central rectangular part of the trampoline membrane. The four strings attached
to the corners of the the 0.15 mm x 0.15 mm window are uncoated.

MFM images show that the cobalt thin film exhibit out-of-plane stripe do-
mains predominantly aligned along the sides of the rectangular shaped film. We
find a periodicity of 230 nm in the central part where the film thickness is con-
stant. At the edges, where the film thickness decreases linearly, the domain width
decreases as well. We also studied the effect of an external magnetic field on the
genuine domain structure.

The authors gratefully acknowledge funding from the ERC H2020 research
and innovation program grant agreement No 828784.

0254 Monl13:30 P

Chimera-type skyrmion collapse revealed by sub-nm maps of the tran-
sition rate — eSTEPHAN VON MALOTTKII, FLORIAN MUCKELZ, CHRISTIAN
HOLLZ, BENJAMIN PESTKAZ, MARCO PRATZERZ, PaveL E BESSARAB3’4, STE-
FAN HEINZEI, and MARKUS MORGENSTERN? — IITAP, University of Kiel —
“Institute of Physics B and JARA-FIT, RTWH Aachen University — >University
of Iceland, Reykjavik — *ITMO University, St. Petersburg
In addition to the conventional radial symmetric collapse of magnetic
skyrmions, recent studies predicted the occurrence of skyrmion annihilation
processes via the chimera skyrmion state [1-3]. Here, we demonstrate the re-
alization of both the radial symmetric and the chimera transition mechanism in
the ultra-thin film system fcc-Pd/Fe/Ir(111) [4]. Scanning tunneling microscopy
is used to create transition rate maps of magnetic switching events induced by
single electron events. In combination with energy density maps of the transi-
tion states obtained by atomistic spin simulations parametrized from first prin-
ciples, they allow for the identification of both annihilation mechanisms. It is
further shown, that a transition between both mechanisms can be achieved by
the application of external in- and out-of-plane magnetic fields, yielding a sound
agreement between experiment and theory.

[1] Meyer et al., Nat. Commun. 10, 3823 (2019)

[2] Heil et al., Phys. Rev. B 100, 134424 (2019)

[3] Desplat et al., Phys. Rev. B 99, 174409 (2019)

[4] Muckel et al., Nat. Phys. (2021)

https://doi.org/10.1038/s41567-020-01101-2

0255 Monl13:30 P
Probing the magnetism of single atoms with orbital sensitivity — APARA-
JITA SINGHAI’Z, eDARIA SOSTINAI’Z, CHRISTOPH WOLFI’Z, SAFA AHMED1’3,
DENIS KRYLOVI’Z, LuciaNo COLAZZOI’Z, PIERLUIGI GARGIANI4, STEFANO
AGRESTINI4, Woo-Suk NOHS, JAE-HoON PARK5’6, MARINA PIVETTA7, STEFANO
RUSPONI7, HARALD BRUNE7, ANDREAs HEINRICH™ , ALESSANDRO BARLAS, and
FaBro Donati® — Center for Quantum Nanoscience, Institute for Basic Sci-
ence, Seoul, Republic of Korea — Ewha Womans University, Seoul, Republic
of Korea — 3Department of Physics, Ewha Womans University, Seoul, Republic
of Korea — *ALBA Synchrotron Light Source, Cerdanyola del Vallés, Catalo-
nia, Spain — SMPPC—CPM, Max Planck POSTECH/Korea Research Initiative,
Pohang, Korea — ®Department of Physics, Pohang University of Science and
Technology (POSTECH), Pohang, Korea — Institute of Physics, Ecole Poly-
technique Fédérale de Lausanne, Lausanne, Switzerland — 81stituto di Struttura
della Materia (ISM), Consiglio Nazionale delle Ricerche (CNR), Trieste, Italy
Lanthanide atoms are promising candidates for atomic data storage and quantum
logic due to the long magnetic lifetime.[Science 352, 318 (2016)]. Here, we use

the orbital sensitivity of x-ray absorption spectroscopy to investigate the valence
magnetism of rare earth atoms and clusters on MgO/Ag(100). We find both Gd
and Ho atoms in a monovalent state, with one electron transferred to the un-
derneath substrate. Combining our experiments with multiplet calculations and
density functional theory we clarify the controversy on the ground state of Ho
single atom magnets [Phys. Rev. Lett. 121, 027201 (2018)].

0256 Monl13:30 P
Electrical and thermal transport in antiferromagnet-superconductor junc-
tions — «MARTIN FONNUM ]AKOBSENI, KRIsTIAN NAESSI, PARAMITA DUTTAZ,
ARNE BraTAAs', and ALirREza QAtuMzADEH' — 'Norwegian University of
Technology — 2Uppsala University
We demonstrate that antiferromagnet-superconductor (AF-S) junctions show
qualitatively different transport properties than normal metal-superconductor
(N-S) and ferromagnet-superconductor (F-S) junctions. We attribute these
transport features to the presence of two new scattering processes in AF-S junc-
tions, i.e., specular reflection of holes and retroreflection of electrons. Using the
Blonder-Tinkham-Klapwijk formalism, we find that the electrical and thermal
conductance depend nontrivially on antiferromagnetic exchange strength, volt-
age, and temperature bias. Furthermore, we show that the interplay between
the Néel vector direction and the interfacial Rashba spin-orbit coupling leads to
a large anisotropic magnetoresistance. The unusual transport properties make
AF-S interfaces unique among the traditional condensed-matter-system-based
superconducting junctions.

0257 Monl13:30 P
Spin-spiral state of a Mn monolayer on W(110) at variable temperatures
as seen by x-ray absorption spectroscopy — *ONDRE] SIPR!, KIRSTEN VON
BERGMANNZ, HUBERT EBERT3, RoLAND WIESENDANGERZ, and JAN Honorka'
— 'Institute of Physics, Czech Academy of Sciences, Praha — “University of
Hamburg, Germany — *Ludwig-Maximilians-Universitit Miinchen, Germany
The noncollinear magnetic state of epitaxial Mn monolayers on tungsten (110)
crystal surfaces is investigated by means of soft x-ray absorption spectroscopy,
to complement earlier spin-polarized STM experiments. X-ray absorption spec-
tra (XAS), x-ray linear dichroism (XLD) and x-ray magnetic circular dichroism
(XMCD) Mn L, ;-edge spectra were measured in the temperature range from 8
to 300 K and compared to results of fully-relativistic ab initio calculations. We
show that antiferromagnetic (AFM) helical and cycloidal spirals give rise to sig-
nificantly different Mn L, ;-edge XLD signals, enabling thus to distinguish be-
tween them.

It follows from our results that the magnetic ground state of a Mn monolayer
on W(110) is an AFM cycloidal spin spiral. Based on temperature-dependent
XAS, XLD and field-induced XMCD spectra we deduce that magnetic proper-
ties of the Mn monolayer on W(110) vary with temperature, but this variation
lacks a clear indication of a phase transition in the investigated temperature range
up to 300 K — even though a crossover exists around 170 K in the temperature
dependence of XAS branching ratios and in XLD profiles.

0258 Mon13:30 P
Lifetimes of skyrmions and antiskyrmions in exchange frustrated systems —
eMORITZ A. GOERZENI, STEPHAN V. MALOTTKII, SEBASTIAN MEYERI, PAVEL
F. Bessarap>? , and STEFAN Heinze! — Institute of Theoretical Physics and
Astrophysics, University of Kiel — 2University of Iceland, Reykjavik, Iceland —
3ITMO University, St. Petersburg, Russia
A recent study [1] on a Rh/Co bilayer on Ir(111) shows an interesting energy
landscape for noncollinear magnetic states due to a high degree of exchange frus-
tration. In particular we find, that both skyrmions and antiskyrmions co-exist in
this system, which is beneficial for future spintronic technologies. Based on an
atomistic spin model parameterized from density functional theory, we investi-
gate the lifetime of co-existing states by long time scale spin dynamic simulations
using the geodesic nudged elastic band method as well as transition state theory
in harmonic approximation [2,3]. Due to a different number of internal degrees
of freedom for skyrmions and antiskyrmions in systems without inversion sym-
metry, we find large differences between lifetimes of these states.
[1] Meyer, Perini et al., Nature Comm. 10, 3823 (2019)
[2] Bessarab et al., Sci. Rep. 8, 3433 (2018)
[3] von Malottki et al., Phys. Rev. B 99, 060409 (2019)
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026.1 Mon13:30 P
Single-crystal graphene on Ir(110): a uniaxial template — «STEFAN Kraus!,
FELIX HUTTMANNI, Timo KNISPELI, JEISON FISCHERI, KEN BISCHOFI, ALEXAN-
DER HERMANz, MARCO BIANCHIa, RALUCA-MARIA STANa, ANN JULIE HOLT3,

VASILE CACIUC4, SHIGERU TSUKAMOTO4, HEeiko WENDEZ, PHILIP HOFMANN3,

Location: P

NicoLAE AToDIRESET?, and THOMAs MicHELY! — !Universitit zu Kéln, Ger-
many — *Universitt Duisburg-Essen, Germany — ® Aarhus university, Den-
mark — 4Forschungszentrum Jillich, Germany

A single-crystal sheet of graphene is grown on the low-symmetry substrate
Ir(110) by thermal decomposition of ethylene at 1500 K. While the bare Ir(110)
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is heavily reconstructed at room temperature due to the formation of nano-
facets, scanning tunneling microscopy reveals that the adsorbed graphene sup-
presses this reconstruction entirely and large atomically flat areas are observed.
The superposition of the graphene with the Ir(110) lattice gives rise to a wave
pattern with clear crests and troughs along the [001] direction while the atomic
lattice of the graphene is under very weak lateral strain (< 0.2% compared to
graphite). Density functional theory calculations confirm the observed wave
pattern and show a strong variation from weak (crests) to strong chemical bind-
ing (troughs). Angle-resolved photo emission spectroscopy shows no sign of
a Dirac cone, which is in agreement with the large variety of binding motifs
and partial s p3 hybridization. We showcase the use of this uniaxial template by
the global alignment of sandwich-molecular wires — one-dimensional organo-
metallic structures — parallel to the crests and troughs.

0262 Monl13:30 P
Selective Area Growth of III-V Nanowires on High-Index GaAs Sub-
strates — *GUNJAN NAGDAl’z, DARriA BEZNASIUKl’Z, ToB1AS SAERKIAERl’z,
MARTIN ESPINEIRAI’Z, SARA MARTf—SANCHEZ3, JoRrDI ARBIOL3, and PETER
KroastrUP"? — !Center for Quantum Devices, Niels Bohr Institute, University
of Copenhagen, 2100 Copenhagen, Denmark — 2Microsoft Quantum Materials
Lab, 2800 Lyngby, Denmark — ~Catalan Institute of Nanoscience and Nanotech-
nology (ICN2), CSIC and BIST, Campus UAB, 08193 Bellaterra, Barcelona, Cat-
alonia, Spain
Using a patterned SiO, mask we report on selective area growth of III-V mate-
rials on high-index GaAs substrates using molecular beam epitaxy (MBE). This
platform is used to define 1D semiconductor nanowire (NW) networks with ex-
cellent surface selectivity for quantum transport studies. Due to the dependence
of NW faceting on the substrate orientation and the trench direction within the
oxide mask, non-standard substrate orientations such as (211)A and (211)B, and
(311)A and (311)B open the pathway to obtain a multitude of geometries. The
NW faceting observed using atomic force microscopy (AFM) and cross-sectional
transmission electron microscopy (TEM) is in good agreement with the facets
predicted on the basis of the stereographic projections of the substrate orienta-
tions. The equilibrium shapes are determined using Wulff construction along
with constraints imposed by the oxide mask. Comparison with experimental
findings is used to determine whether a particular growth is driven by thermo-
dynamically determined surface energy minimization or by kinetic parameters.

0263 Mon13:30 P
2D covalent organic frameworks on monolayer MoS2 — *WENBO Lu’, pa-
VOR EAPETA%, MIHAELA ENACHE', and MEIKE sTOHR! — ! Zernike Institute for
Advanced Materials, University of Groningen, Netherlands — 2Center of Excel-
lence for Advanced Materials and Sensing Devices, Institute of Physics, Bijenicka
46, 10000 Zagreb, Croatia
Two-dimensional (2D) transition metal dichalcogenides (TMDs) have received
increasing attention as promising materials for different applications. One pos-
sibility to precisely tune the electronic and optical properties to the desired ap-
plications is based on adsorbing well-ordered organic assemblies TMDs. Here,
a study of on-surface synthesis of 2D covalent organic frameworks (COFs) on
monolayer molybdenum disulfide (MoS2) on highly oriented pyrolytic graphite
(HOPG) will be presented. Monolayer MoS2 films were synthesized by chem-
ical vapor deposition and transferred to HOPG. The transferred MoS2 was
characterized by atomic force microscopy and scanning tunneling microscopy
(STM), from which we conclude that the transferred MoS2 is of high-quality
with micrometer sized domains. For COF formation, 1,4-benzenediboronic acid
(BDBA) was deposited onto the MoS2/HOPG. The structure of the formed 2D
COFs was studied with STM. The dehydration of BDBA results in the formation
of a long-range ordered honeycomb molecular network on MoS2. Our results
show the possibility of using 2D COFs to build up ordered organic/2D TMDs
interfaces, which is promising for the fabrication of hybrid organic-inorganic
devices possessing tailored structures and properties.

0264 Monl13:30 P
Theoretical analysis of chemical transformation of m-conjugated poly-
mers steered by internal vibrational modes — <ApaMm MATF:JI’Z, MICHAL
OTyEPKA', MiROSLAV MEDVED', and PAvEL JeLiNek? — !Regional Centre of
Advanced Technologies and Materials, Palacky University, Slechtitelt 27, 783 71
Olomouc, Czech Republic — *Institute of Physics, The Czech Academy of Sci-
ences, Cukrovarnicka 10, 162 00, Prague 6, Czech Republic
The rational design of increasingly complex electronic materials for molecular
electronics and quantum technologies has been an active field of research in
organic electronics. Recent developments of on-surface synthesis open novel
strategies to tailor one-dimensional m-conjugated polymers. In this work, we
employ quantum-mechanical calculations for the description of structural and
electronic properties of -conjugated ethynylene bridged polymers. Addition-
ally, we introduce novel synthetic strategy forming m-conjugated ladder poly-
mers with non benzenoid pentalene bridges by exploiting the relation between
n-conjugation, topological phase and vibrational modes of the polymer. Se-
lected vibrational mode of ethynylene bridged bisanthene polymer is shown to
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be the key feature allowing the cyclization of ethynylene into pentalene linker,
which is not observed in topologically trivial anthracene polymer. Finally, we
present reaction mechanism highlights differentiating anthracene and bisan-
thene 7-conjugated ethynylene bridged polymers, leading to successful cycliza-
tion in bisanthene but prevent the reaction on anthracene polymer completely,
which is in direct agreement with experiments.

0265 Monl13:30 P
Coupling of YSR states in 1D chains of Fe atoms on Nb(110) — <FELIX
FrIEDRICH, ROBIN BosHUIS, MATTHIAS BODE, and ARTEM ODOBESKO —
Physikalisches Institut, Experimentelle Physik II, Universitdt Wiirzburg, Am
Hubland, 97074 Wiirzburg, Germany
The pair-breaking potential of magnetic impurities in a superconducting host
material gives rise to in-gap peaks, so called Yu-Shiba-Rusinov (YSR) states.
Coupling of these states leads to the formation of molecular-like bonding and
antibonding modes in impurity dimers [1], YSR bands in many impurity sys-
tems [2], and constitutes a platform for the formation of Majorana fermions at
the ends of one-dimensional chains [3]. To obtain a more detailed understanding
of the interaction of multiple magnetic impurities, we investigate the coupling of
YSR states in short one-dimensional Fe chains on clean Nb(110). By functional-
izing STM tips with a CO molecule we are able to resolve single atoms in nearest
neighbor lattice positions of self-assembled Fe chains. Spectroscopic measure-
ments reveal that the splitting of the single atom YSR states becomes more com-
plex with increasing chain length. Furthermore, differential conductivity maps
uncover an intriguing dependence of the odd or even spatial symmetry of the
individual states on the chain length. The experimental results will be compared
to theoretical models.
[1] S.-H. Ji et al., Phys. Rev. Lett. 100, 226801 (2008)
[2] M. Ruby et al., Phys. Rev. Lett. 115, 197204 (2015)
[3] S. Nadj-Perge et al., Science 346, 602 (2014)

026.6 Monl13:30 P

Tailoring vortex core polarity and vortex chirality by in-plane and out-of-
plane magnetic fields — sANDREA ExrMANN' and Tomasz BLacHowicz? —
!Bielefeld University of Applied Sciences, Faculty of Engineering and Mathemat-
ics, Bielefeld, Germany — “Silesian University of Technology, Institute of Physics
- Centre for Science and Education, Gliwice, Poland
Vortex states in magnetic nanodots can be used to store data, defined by the core
polarity and/or the vortex chirality. Preparing nanodots with dimensions lead-
ing to magnetization reversal by vortex states is technologically not problematic
if material and dimensions are chosen carefully [1,2]. Defining core polarity and
vortex chirality reliably, however, needs more sophisticated approaches [3]. Here
we give an overview of the influence of different out-of-plane and in-plane bias
fields on these values, showing that in clusters of circular nanodots, out-of-plane
fields can be applied to define and to switch the vortex core polarity without influ-
encing the vortex chirality simultaneously. This enables defining both properties
independently and thus preparing quaternary vortex-based memory devices.

[1] A. Ehrmann, T. Blachowicz, J. Magn. Magn Mater. 475, 727-733 (2019)

[2] A. Ehrmann, T. Blachowicz, Hyperfine Interactions 239, 8 (2018)

[3] A. Ehrmann, T. Blachowicz, Proc. of 2018 IEEE 8th International Confer-
ence on “Nanomaterials: Applications & Properties” 1, 01NMMO08 (2020)

026.7 Monl13:30 P

A differential equation for plowing-induced structuring of polymer films —
«ENRICO GNECCOI, JaNA HENNIGI, PEDRO]J. MARTINEZZ, and JUANJ. Mazo? —
'Otto Schott Institute of Materials Research, Friedrich Schiller University Jena,
Germany — ?Department of Condensed Matter Physics, University of Zaragoza,
Spain
The formation of ripple structures out of plowing wear is a well-known but
scarcely understood phenomenon in polymer physics. Here we discuss this pro-
cess on the example of polystyrene thin film scratched by silicon nanotips. The
physical interpretation relies on the stick-slip motion of the tip, which is simul-
taneously indented and elastically pulled along the surface. The dependence of
the ripple orientation on the geometry of the scanned area is numerically re-
produced with an original equation for the tip motion in an energy landscape
mirroring the surface evolution. Eye-catching examples will include square, cir-
cle, star and heart shaped geometries, but potential applications of our model
will be also mentioned.

[1] J.J. Mazo et al., Plowing-induced structuring of compliant surfaces, PRL
122 (2019) 256101 [2] P.J. Martinez et al., Numerical study of pattern formation
in compliant surfaces scraped by a rigid tip, PRE, accepted (2021)

0268 Monl13:30 P
Comparing the Nanomechanics and the Chemical Properties of NC-AFM
Tips — «DAMLA YEsSILPINAR"?, BERTRAM SCHULZE LAMMERs "%, ALEXANDER
TIMMERZ, ZHIXIN HU3, WEI ]14, SAEED AMIRIALAYERI’Z’S, HARALD FUCHSI’Z,
and Harry MoniG™? — !Physikalisches Institut, Westfalische Wilhelms-
Universitat, Muenster, Germany. — 2Center for Nanotechnology, Muenster,
Germany. — 3Center for Quantum Joint Studies and Department of Physics,
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Tianjin University, Tianjin, China — *Department of Physics and Beijing Key
Laboratory of Optoelectronic Functional Materials & Micro-Nano Devices, Ren-
min University of China, Beijing, China — >Center for Multiscale Theory and
Computation, Muenster, Germany

Controlling the identity of the tip-terminating species in AFM constitutes a mile-
stone for investigations of surfaces and adsorbates. Highlighting the importance
of the mechanical tip properties, we consolidate the interpretation of such stud-
ies by comparing the performance of four atomically defined tips, namely Cu-,

Xe-, CO-, and CuOx-tips. Using a nano-structured copper oxide surface, we
investigated their imaging performances and capabilities in force mapping dur-
ing the lateral manipulation of single adsorbed atoms. Cu-tips easily reacts with
surface oxygen or the adsorbate, while chemically inert Xe- and CO-tips allow
entering the repulsive force regime enabling increased resolution. But their high
flexibility leads to tip-deflection and related artefacts. The combination of chem-
ical passivation and mechanical rigidity for the CuOx-tip turns out decisive for
chemical-specific imaging and for a superior performance in manipulation ex-
periments.

0 27: Poster Session Il: Poster to Mini-Symposium: Molecular scale investigations of liquid-vapor
interfaces |
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0271 Monl1330 P
Temperature-dependent trapping probability measurements of n-butane on
ionic liquid surfaces using molecular beam techniques — «LEONHARD WIN-
TER, RADHA G. BHUIN, MATTHIAS LEXOW, FLORIAN MAIER, and HANS-PETER
STEINRUCK — Lehrstuhl fiir Physikalische Chemie II, Friedrich-Alexander-
Universitit Erlangen-Niirnberg, Egerlandstr. 3, 91058 Erlangen
Tonic Liquids (ILs) are room temperature liquids consisting only of cations and
anions. IL thin films are the key components in the catalytic concepts Supported
Tonic Liquid Phase (SILP) and Solid Catalyst with Ionic Liquid Layer (SCILL), for
which the transfer of hydrocarbons through the ionic liquid/gas interface plays
a crucial role.

We have built a new ultra-high vacuum apparatus dedicated for the investi-
gations of ILs with molecular beam techniques. It was used to study the first
step of the interaction dynamics of n-butane on a series of alkylimidazolium
ionic liquids with varying chain lengths and anions ([C,C;Im][X]). Based on
the temperature-dependent behavior of the initial trapping probability at low
temperatures, measured by the direct method of King and Wells, we found that
the binding energy is dominated by the interaction with the alkyl chain of the
cation, whereas the ionic headgroups contribute only weakly.

L.W,, R.G.B, M.L. and H.-PS. thank the European Research Council (ERC)
for financial support of this research in the context of an Advanced Investigator
Grant to H.-P.S (No. 693398-ILID).

Bhuin et al., Angew. Chem. Int. Ed., 2020, 59, 14429-14433.

Winter et al., ]. Chem. Phys., 2020, 153, 214706.

0272 Mon13:30 P
Surface tension measurement of pure water in vacuum. — «JIr1 PAVELEC, PAUL
RYAN, JAN BALAJKA, MICHAEL ScHMID, and ULRIKE DiEBOLD — IAP, Vienna
University of Technology, Austria
Very little is known about the surface tension of pure liquids in contact with their
pure gaseous phases, i.e. without the presence of other gases or liquid phase con-
taminants. This is surprising given that contaminants are known to greatly affect
surface tension values [1].

Recently we have developed a method to dose liquid water onto pristine sur-
faces in UHV using a small cryostat [2,3]. We combine this approach with the
pedant drop method [4] to measure the surface tension of ultra-clean liquids
in contact with their pure gaseous phases. The upgraded version of the small
cryostat, replaces the syringe typically used in the pendant-drop method. The
ultra-clean liquid is condensed onto a small cryostat placed in a vacuum cham-
ber. A pendant drop is formed, photograph and analyzed allowing the surface
tension of the liquid to be directly determined.

The design of the apparatus will be discussed and preliminary measurements
of ultra-clean water will be presented.

[1] Uematsu, Bonthuis, Netz, Current Opinion in El, Vol. 13, (2019)

[2] Balajka, Pavelec, Komora, Schmid, and Diebold, Review of Scientific In-
struments 89, (2018)

[3] Balajka, Hines, DeBenedetti, Komora, Pavelec, M Schmid, U Diebold, Sci-
ence, 361, (2018)
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[4] Berry, Neeson, Dagastine, Chan, Tabor, J. Coll. Interface Sci. 454, 226,
(2015)

0273 Monl3:30 P
pH-dependence of the surface enrichment of inorganic ions medi-
ated by amino acids — eIsaak UNGERI, GEETHANJALI GOPAKUMARI,
OLLE BjORNEHOLM!, CARL CALEMAN"®, CHRisTOPHE NicoLas?, GUNNAR
OHRWALL3, TuLio CosTtA RizuTi DA ROCHA4, and ARNALDO NAVES DE BRITO®
— "Uppsala university — 2Synchrotron SOLEIL — *MAX IV Laboratory —
*Brazilian Synchrotron Light Laboratory — > University of Campinas — ¢ Center
for Free-Electron Laser Science, DESY
Sea spray is one of the most prominent sources for non-anthropogenic aerosol,
thus understanding sea spray aerosol plays a pivotal role in understanding the
Earth*s atmosphere. Aqueous sea spray aerosol is a complex mixture of organic
surfactants and inorganic ions and is also the subject to changes over time as
the particles are suspended in the atmosphere and engage in chemical reactions.
One of the dynamic parameters in the particles is the pH, as sea spray aerosol
is generated from slightly basic sea water but quickly assumes acidic pH. How
changes in the pH affect the surface composition of such particles has only re-
cently become the subject for in-depth research. Our results attempt to fill the
knowledge gap by investigating the pH-dependent surface propensity of K* and
CI” in a mixed KCl-amino acid solution. We used X-ray photoelectron spec-
troscopy on liquid jets to explore the impact of a variety of amino acids with
different side chains on the ratio of K* and Cl~ close to the liquid surface.

0274 Mon13:30 P
Probing the Gold/Water Interface with Surface Specific Spectroscopy —
*STEFAN PIONTEK, STEPHANIE SANDERS, DENNIS NAUJOKS, ALFRED LUDWIG,
and PouL PETERSEN — Ruhr Universitit, Bochum, DE
Water is integral in electrochemistry, in the generation of the electric double
layer, and propagating the interfacial electric fields; yet our molecular-level un-
derstanding of interfacial water near functioning electrode surfaces is limited.

Sum-frequency-generation (SFG) spectroscopy offers an opportunity to in-
vestigate the structure and dynamics of the solvent near working electrochem-
ical interfaces, as the method is inherently surface-specific. Previous attempts
which propagated IR beams through the solvent have suffered due to the IR ab-
sorption of water. Furthermore, sending visible and IR beams through standard
electrode films obscures the SFG spectra, due to the large nonlinear response of
conduction band electrons.

To overcome this limitation, we have investigated thin yet conductive gradient
sputtered Au films on CaF2 using SFG, FTIR, AFM, and UV-Vis spectroscopies
to explore the ideal thickness of an Au electrode layer. SFG spectra of dry and
wet 8.0-0.4 nm thick Au films suggest that unobscured interfacial water spec-
tra can be obtained using Au films with a thickness of ~2 nm or less. With the
newfound ability to probe interfacial solvent structure at electrode/aqueous in-
terfaces we hope to provide insights into more efficient electrolyte composition
and electrode design.

0 28: Key Note Il

Time: Monday 15:30-16:00

Plenary Talk 0281 Monl1530 RI1
Physical chemistry and chemical physics of environmental interfaces —
*VICKI GRASSIAN — University of California San Diego, La Jolla CA 92093

The focus of this talk is on environmental interfaces which are defined as any
surface in equilibrium with its surrounding environment. From this broad def-
inition, there are a myriad of different types of environmental interfaces that
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include atmospheric aerosols, nanomaterials and indoor surfaces. The physical
chemistry and chemical physics of environmental interfaces puts an emphasis on
molecular and nanoscale level interactions that occur in these inherently com-
plex systems. Examples of the complexity of these interfaces and how a deeper
understanding can be obtained through molecular-based approaches are high-
lighted.
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Time: Tuesday 10:00-10:30

Plenary Talk 029.1 Tuel0:00 RI1
Electrochemistry of platinum: new views on an old problem — «MaARc KOPER
— Leiden University, Leiden, The Netherlands

Platinum is the most used electrocatalyst in electrochemical energy conversion
devices such as fuel cells and electrolysers. In this talk I will highlight the re-
cent work of my group on understanding the surface chemistry of platinum

Location: R1

in an aqueous electrolyte, by combining single-crystal electrochemistry, den-
sity functional theory calculations, ultra-high-vacuum modeling, in situ spec-
troscopy and in situ electrochemical scanning tunneling microscopy. I will chal-
lenge some existing explanations and interpretations of platinum electrochem-
istry, and show the sometimes surprising surface disordering of platinum that
happens at both positive (anodic) and negative (cathodic) potentials.

0 30: Mini-Symposium: Electrified solid-liquid interfaces I

Time: Tuesday 10:30-12:30

Introduction by Symposium Organizers

Invited Talk 030.1 Tuel0:35 RI1
A Theoretical Framework for Investigating Electrochemical Reactions —
«WOLFGANG SCHMICKLER — Institut fiir Theoretische Chemie, Universitit Ulm,
Deutschland

Electrochemical reactions take place at the interface between an electronic and
an ionic conductor. Here we consider the most important case, a metal in contact
with an electrolyte solution. The challenge is to treat electrocatalytic reaction, in
which either the initial of the final state of the reaction is adsorbed on the elec-
trode surface.

Consider the deposition of a silver ion on a silver electrode as an example. In
the initial state, the 4s orbital is empty and the ion has a solvation energy of -5.1
eV. To get deposited, the ion has to approach the electrode, losing a part of its
solvation energy. A thermal fluctuation takes the valence orbital, which is broa-
dened by the interaction with the electrode, to the Fermi level. The ion takes up
an electron, loses the solvation energy, and gains the energy of ionization, and
the sublimation energy of silver; the potential drop between the solution and
the electrode surface enters into the energy required to approach the electrode.
Obviously, a good theory must treat all components of the interface, metal and
solution, with the same atomic detail.

For this purpose we have developed a framework based on a model Hamiltoni-
an, which combines ideas from Marcus theory, Anderson-Newns theory, Green’s
function techniques with our own ideas. The detailed form of the Hamiltonian
depends on the reaction under consideration. We consider a few examples, and
will how to obtain the parameters from DFT and molecular dynamics.

Invited Talk 0302 Tuell:10 RI1
Dynamic Evolution of CO, Electroreduction Catalysts — ¢BEATRIZ ROLDAN
CueENYA — Department of Interface Science, Fritz Haber Institute of the Max
Planck Society, Berlin, Germany

Tailoring the chemical reactivity of nanomaterials at the atomic level is one of
the most important challenges in catalysis research. In order to achieve this elu-
sive goal, we must first obtain a fundamental understanding of the structural and
chemical properties of these complex systems. In addition, the dynamic nature
of the nanostructured films and nanoparticle (NP) catalysts and their response
to the environment must be taken into consideration. To address the complex-
ity of real-world electrocatalysts, a synergistic approach taking advantage of a
variety of cutting-edge experimental methods (EC-AFM, LC-TEM, XPS, XAFS,
Raman Spect., GC) has been undertaken.

This talk will provide insight into the electrocatalytic reduction of CO, and
will feature the parameters that determine the reaction’s selectivity. Important
aspects that will be discussed are: (i) the design of size- and shape-controlled
catalytically active nanoparticles (Cu, Zn, Cu-Zn, Cu-Ag) (ii) the role of the NP
size and shape on the catalytic activity and selectivity, (iii) the evolution of the
structure and composition of the electrocatalysts under operando reaction con-
ditions and their influence on the catalytic performance, (iv) the possibility of
using pulsed-electrolysis to tune the reaction selectivity. These findings are ex-
pected to open up new routes for the reutilization of CO, through its direct con-
version into valuable chemicals and fuels such as ethylene and ethanol.

030.3 Tuell:45 RI1
Tuning the Stability of Platinum by means of Scan Rate — «JoN BJARKE VAL-
BAEK MYGINDl, FRANCESC VALLS MASCARol, Marc T.M. KOPERI, and MAR-
cEL J. RosT? — 'Leiden Institute of Chemistry, Leiden University — 2Huygens-
Kamerlingh Onnes Laboratory, Leiden Institute of Physics, Leiden University
Platinum is widely used as an electrocatalyst in several applications like fuel cells
and electrolysers, due to its high catalytic activity. However, platinum is scarce
and its industrial feasibility is limited by its degradation under oxidizing con-
ditions. Repeated oxidation and reduction of a platinum electrode leads to the
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roughening of the surface, caused by the nucleation and growth of nano-islands,
which first grow laterally (2D) and then in height (3D) [1]. The nucleation and
growth of these islands is promoted by the creation of adatom vacancy pairs
[2,3]. Unfortunately, the precise mechanism responsible for this process is still
not fully understood. Here, we examine the growth rate of the roughness on
a Pt(111) surface by analysing cyclic voltammograms at different sweep rates.
From our understanding of surface growth, we have indications that the mecha-
nism responsible for the creation of adatom-vacancy pairs is kinetically (surface
diffusion) limited. At faster sweep rate, less roughening is observed, which could
be explained by fewer adatoms and vacancies being created on the surface, sup-
porting our hypothesis.

[1] Jacobse L. et al., ACS Cent. Sci. 5 (12), 1920 (2019)

[2] Rost, ML]. et al., M.T.M., Nat. Commun. 10, 5233 (2019)

[3] Ruge, M. et al,, J. Am. Chem. Soc., 139, 4532-4539 (2017)

0304 Tuel2:00 RI1
Observing the oxidation of platinum under operando electrochemical con-
ditions — +LEON JACOBSE', RALF SCHUSTER?, XIN DENG', SILvAN DoOLLING!,
TiM WEBER® , HERBERT OVERS, JOrRG LIBUDAZ, VEDRAN VONKl, and ANDREAS
STiERLE' — 'DESY NanoLab, Deutsches Elektronen-Synchrotron, Hamburg —
*Interface Research and Catalysis, Friedrich-Alexander-Universitit Erlangen-
Niirnberg, Erlangen — *Physikalisch-Chemisches Institut and Zentrum fiir Ma-
terialforschung, Justus Liebig University, Giessen
Platinum electrocatalyst degradation forms a large barrier for the wide-spread
application of electrolysers and fuel cells, which are crucial for a sustainable en-
ergy society. A detailed understanding of the catalyst surface structure during
the chemical reaction is required to design more stable catalysts. We have de-
veloped a Rotating Disk Electrode (RDE) setup that enables a structural charac-
terization by synchrotron High-Energy Surface X-Ray Diffraction (HE-SXRD)
experiments while maintaining well-defined diffusion conditions and high cat-
alytic reaction rates (current densities). With this setup we followed the oxida-
tion of Pt(111) and Pt(100) model electrodes; starting from the Place-Exchange
surface oxidation occurring around 1.1V until the formation of a (bulk) oxide at
potentials relevant for the oxygen evolution reaction. In contrast with heteroge-
nous oxidation experiments, no ordered oxide structures are observed.

030.5 Tuel2:15 RI1
Electrochemical interfaces: applications to batteries — ¢JEAN-SEBASTIEN
FiLaor!, ARTHUR Hacopian!, and Anja Kopac-LauTar? — Institut Charles
Gerhardt Montpellier/ENSCM/CNRS/Université de Montpellier — *National
Institute of Chemistry, Ljubljana, Slovenia
Electrochemical interfaces are fundamental to understand electrochemical reac-
tions either for energy storage in devices such as Li-ion batteries. Nevertheless,
these interfaces are extremely complex to model not only because of the occur-
ring electrochemical effects, but also because of the complexity of the electrode-
solvent interactions.

We will present an approach allowing the modeling of realistic electrochem-
ical interfaces at a limited cost and demonstrate the predictive capabilities of
these calculations. We will first discuss electrochemical effects on interface us-
ing implicit solvent approach in order to investigate how interfaces morphology
is changed with the applied potential in particular to investigate dendritic growth
Then, we will use a mixed implicit/explicit solvent approach (exemplified by
Li/Ethylene carbonate (EC) and Mg/Dimethoxyéthane (DME) interfaces) that
allows investigating electrochemical reactivity at a limited cost. We will show
that the interfacial species can be very different from the ones of the electrolyte
given some new insights the specific double layer rectivity. To rationalize this re-
activity, specific tools within conceptual DFT framework were developed. This
allows obtaining quantitative and predictive index of the interfacial electrochem-
ical reactivity in order to improve the electrochemical devices development, in
particular in link with batteries.
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0 31: Mini-Symposium: Manipulation and control of spins on functional surfaces |

Time: Tuesday 10:30-12:30

Invited Talk 031.1 Tuel0:30 R2
What can we learn from atoms? — «ALEXANDER KHAJETOORIANS — SPM de-
partment, Institute for Molecules and Materials, Radboud University, Nijmegen,
The Netherlands

Based on scanning tunneling microscopy, magnetic atoms and films on surfaces
have become a model playground to understand and design magnetic order,
bottom-up. However, magnetic order in these model systems have been confined
to the limits dominated by bistability. In this talk, based on the recently discov-
ered concept of orbital memory and the anisotropic behavior of black phospho-
rus, I will illustrate new model atomic platforms to realize multi-modal land-
scapes and their resultant dynamics. I will first review the concept of energy-
based neural networks and how they are linked to the physics of spin glasses in
atomic systems. I will then highlight new examples based on the recent discovery
of the so-called spin Q glass and the atomic Boltzmann machine. I will illustrate
the creation of atomic-scale neurons and synapses, in addition to new learning
concepts based on the separation of time scales and self-adaptive behavior. I will
also discuss recent cutting-edge developments that enable magnetic characteri-
zation in new extreme limits, for example ESR-STM at the lowest temperatures
available today, and the application of this platform. This work was performed
with funding from NWO, with project number 680-47-534, and from the Eu-
ropean Research Council (ERC) under the European Unions Horizon 2020 re-
search and innovation programme (SPINAPSE: grant agreement No 8183).

0312 Tuell:00 R2
Quantum Stochastic Resonance in Fe atoms and Nanostructures — «GREGORY
MCMURTRIEI, Max HANZEI’Z, SUSANNE BAUMANNI, Luiat MALAVOLTIZ, Su-
sAN N. CoPPERSMITH", and SEBASTIAN Lota"? — University of Stuttgart, In-
stitute for Functional Matter and Quantum Technologies, Stuttgart, Germany —
2Max Planck Institute for Solid State Research, Stuttgart, Germany — *School of
Physics, University of New South Wales, Sydney, Australia
Stochastic resonance [1], where noise synchronizes a system’s response to an ex-
ternal modulation, is a widespread phenomenon found in systems ranging from
the dynamic behavior of neurons [2] to the periodicity of glaciation [3]. Here we
apply stochastic resonance to open quantum systems, namely atoms and nanos-
tructures strongly coupled to a dissipative bath, which unlocks a path to resonant
interaction that does not require coherence. In particular, applying modulation
via a scanning tunneling microscope’s tip gives control of the spin state evolution
in this resonant regime of spin dynamics in both real-time and real-space on the
atomic scale. This phenomenon has never been observed previously in atomic
systems, and gives unprecedented insight into the interaction of quantum spins
and their noise sources, even allowing transduction of picosecond-speed dynam-
ics. [1] R. Benzi, J. Phys. A: Math. Gen 14, L453 (1981) [2] A. J. Bulsara et al.
Theor. Biol. 152, 531-555 (1991) [3] P. N. Pearson et al. Paleontological Society
Papers 18, 1-38 (2012)

Invited Talk 0313 Tuell:15 R2
Artificial spin chains on superconductor surfaces — «JENs WIEBE — Depart-
ment of Physics, Hamburg University, Germany
A magnetic chain on an s-wave superconductor hosting a spin spiral or strong
spin-orbit coupling can potentially realize a one-dimensional topological super-
conductor with Majorana bound states on its edges [1-5]. Here, we investigate
artificial spin chains, which have been built atom-by-atom, with respect to the
emergence of such topologically nontrivial electron phases. By this approach we
not only vary the substrate and adatom species [6,7,8], but also tailor the inter-
actions between the Yu-Shiba-Rusinov states induced by the adatoms [8] which
eventually results in the formation of multi-orbital in-gap bands for the chain.
We correlate the electronic properties of these bands with the spin structures of
the chains as revealed by spin-resolved scanning tunneling spectroscopy [9].
We acknowledge funding by the ERC via the Advanced Grant ADMIRE (No.

Location: R2

786020), and by the DFG via the Cluster of Excellence ’Advanced Imaging of
Matter’ (EXC 2056-project ID 390715994) and the SFB-925-project 170620586.

[1] Klinovaja et al., PRL 111, 186805 (2013). [2] J. Li et al. PRB 90, 235433
(2014). [3] S. Nadj-Perge et al., Science 346, 6209 (2014). [4] M. Ruby et al., Nano
Letters 17, 4473, (2017). [5] H. Kim et al., Science Advances 4, eaar5251 (2018).
[6] L. Schneider et al., npj Quantum Materials 4, 42 (2019). [7] L. Schneider et al.,
Nature Commun. 11, 4707 (2020). [8] Ph. Beck et al., arXiv:2010.04031 [cond-
mat.supr-con] (2020). [9] L. Schneider et al., Science Advances 7, eabd7302
(2021).

0314 Tuell:45 R2
Coupling of Yu-Shiba-Rusinov states on 2H-NbSe, — sEvA LIEBHABER',
Lisa RI"JTTENI, GAEL REECHTI, Kar ROSSNAGELZ’S, FELIX VON OPPENlA, and
KATHARINA J. Franke' — !Fachbereich Physik, Freie Universitit Berlin, Ger-
many. — ZInstitut fir Experimentelle und Angewandte Physik, Christian-
Albrechts-Universitit zu Kiel, Germany. — 3Deutsches Elektronen-Synchrotron
DESY, Hamburg, Germany. — *Dahlem Center for Complex Quantum Systems,
Freie Universitdt Berlin, Germany.
A magnetic impurity adsorbed on a superconducting substrate leads to the for-
mation of Yu-Shiba-Rusinov (YSR) states inside the superconducting energy gap.
YSR wave functions of two adjacent magnetic adatoms can hybridize and form
symmetric and antisymmetric linear combinations. Increasing the number of
adatoms leads to the formation of Shiba bands.
We investigate magnetic Fe atoms on the superconductor 2H-NbSe, which is
a layered van der Waals material. Its strong 2D electronic character leads to a
large spatial extent of the YSR wave functions facilitating the coupling between
them [1]. We assemble adatom chains using a superconducting tip and track the
evolution of the YSR states. As the YSR states have been shown to be sensitive to
the CDW [2] that coexists with superconductivity in NbSe, at low temperatures
we further investigate the role of the CDW for the hybridization along extended
chains.
[1] S. Kezilebieke et al., Nano Lett. 18,2311 (2018)
[2] E. Liebhaber et al., Nano Lett. 20, 339 (2020)

0315 Tuel2:00 R2
Hyperfine fields of magnetic adatoms on ultrathin insulating films —
«SUFYAN SHEHADA"?, MANUEL Dos SaNTOs Dias', FILIPE Souza MENDES
GUIMARAESI, MUuUAYAD ABUSAA3, and SaMir Lounis™* — Peter Griinberg In-
stitut and Institute for Advanced Simulation, Forschungszentrum Jiilich & JARA,
52425 Jiilich, Germany — *Department of Physics, RWTH Aachen University,
52056 Aachen, Germany — 3Department of Physics, Arab American Univer-
sity, Jenin, Palestine — *Faculty of Physics, University of Duisburg-Essen, 47053
Duisburg, Germany
Individual nuclear spin states can have very long lifetimes and could be use-
ful as qubits. Promising steps in this direction were realized on MgO/Ag(001)
via STM detection of the hyperfine interaction (HFI) of Fe and Ti adatoms [1]
and the electrical control of the nuclear polarization of Cu adatoms [2]. Here,
we report on systematic first-principles calculations of the HFI for 3d adatoms
(Sc-Cu) atop ultra-thin insulators (MgO, NaF, NaCl, h-BN and Cu,N) [3]. We
analyze the trends and the dependence of the computed HFI on the filling of the
magnetic s and d-orbitals of the adatoms and on bonding type and strength with
the substrate. Finally, we identify promising candidates for future experimental
investigations with scanning probe techniques.
-Work funded by the Palestinian-German Science Bridge (BMBF-01DH16027)
and Horizon 2020-ERC (CoG 681405-DYNASORE).
[1] Willke et al., Science 362, 336 (2018); [2] Yang et al., Nat. Nanotechnol. 13,
1120 (2018); [3] Shehada et al. ArXiv:2012.11639.

“Meet our speakers”. Open discussion with all speakers of the session

0 32: Mini-Symposium: Frontiers of electronic-structure theory: Focus on electron-phonon
interactions Il

Time: Tuesday 10:30-12:30

Location: R3

Open panel discussion led by Prof. Claudia Draxl (HU Berlin), Prof. Feliciano Giustino (U Texas at Austin) and Prof. Matthias Scheffler (Fritz-

Haber-Institut der MPG)
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0 33: Poster Session lll: Semiconductor substrates |

Time: Tuesday 10:30-12:30

0331 Tuel0:30 P
Engineering the surface of homoepitaxially MBE grown InAs(111)A —
STEFFEN ZELZERI’Z, RAjIB BATABYALl’Z, MOHANA RAIPALKEZ, and PETER
KroasTrUP"? — !Center for Quantum Devices, Niels Bohr Institute, University
of Copenhagen, 2100 Copenhagen, Denmark — ?Microsoft Quantum Materials
Lab Copenhagen, 2800 Lyngby, Denmark
The surface morphology in the ym and (sub) nm range of homoepitaxially
molecular beam epitaxy (MBE) grown planar InAs(111)A buffer layer has been
studied by scanning tunneling microscopy (STM) and reflection high energy
electron diffraction (RHEED). We show how an optimized cool-down proce-
dure can lead to atomically clean surfaces and present an approach to map the
growth parameter space for the two relevant stages of nucleation (step flow and
2D nucleation) on this surface which determines the macroscopical surface mor-
phology. Transition state kinetics are used in combination with critical growth
conditions extracted from RHEED intensity measurements to explain the tran-
sition from step flow to 2D nucleation.

0332 Tuel0:30 P
Virtual III-V-on-Si substrates grown by MOVPE - reduction of stacking
faults — eMANALI NANDYI, AGNIESZKA PASZUKI, MARKUS FEIFELZ, CHRIS-
TIAN KOPPKAI, PETER KLEINSCHMIDTI, FrRANK DIMROTHZ, and THOMAS
Hannapper! — 'TU Ilmenau, Ilmenau, Germany — 2Fraunhofer Institute for
Solar Energy Systems ISE, Freiburg, Germany
The performance of III-V-on-Si multijunction solar cells is still limited by their
density of defects at the GaP/Si(100) heterointerface and in the GaP buffer lay-
ers. In order to improve the crystal quality of the GaP bulffer layer, we modified
the GaP pulse nucleation by substituting the first five TEGa pulses with TMAL
Influence of Al on the defect density in the GaP buffer layers are investigated
by electron channeling contrast imaging. 60 nm thick GaP(100) buffer layers
grown on GaP nucleation exhibit short misfit dislocations (MDs) and therefore,
a high density of threading dislocations (TDs). In contrast, GaP(100) buffer lay-
ers grown on AlGaP nucleation exhibit less, but longer MDs, which result in a
lower density of TDs. In addition, the density of stacking faults and stacking
faults pyramids in the GaP layer grown on the AlGaP nucleation is significantly
reduced. The surface morphology at the initial growth stage of GaP buffer layers
grown on AlGaP nucleation, is smoother compared to the buffer layer grown on
the GaP nucleation. The application of TMAl in the GaP nucleation process pro-
vides a two-dimensional, smooth layer, on which subsequent, high-quality GaP
films could be grown, and therefore, shows a promising pathway for improving
the performance of III-V-on-Si devices.

0333 Tuel0:30 P
Atomic and electronic structure of the GaP/Si(001) heterointerface stud-
ied by HAXPES — «AGNIESZKA PASZUKI, OLEKSANDR ROMANYUKZ, Icor
BarT0%?, REGAN G. WILKS®, MANALI NANDY', JakoB Bomsscu?, CLauDIA
HARTMANN3, RAUL GARCIA—DIEZ3, SHIGENORI UEDA4, IvaN GORDEEVZ, JaNA
HOUDKOVAZ, PETER KLEINSCHMIDTI, MARCUS BARS, PETER ]Ifu’(:EKz, and
Taomas Hannapper! — !Institute of Physics, University of Technology, Ilme-
nau, Germany — “Institute of Physics, Prague, Czech Republic — *Department
Interface Design, Helmholtz-Zentrum Berlin, Germany — *SPring-8, National
Institute for Materials Science, Japan
For highly efficient III-V-on-Si optoelectronic devices it is crucial to prepare
defect-free heterointerfaces with defined electronic properties. Commonly a
thin, pseudomorphic GaP epilayer is deposited on Si prior to further III-V buffer
growth, due to its close lattice matching to Si. Here, the atomic and electronic
structure of buried GaP/Si(001) heterointerfaces prepared by MOCVD were in-
vestigated by hard X-ray photoelectron spectroscopy combined with theoretical
modelling. 4 - 50 nm thick GaP films with a different density of antiphase do-
main boundaries were grown on Si(001) H-terminated surfaces, as controlled
by optical in situ spectroscopy. We found that the core-level positions and width
changes with GaP film thickness and Si substrate type. These observations were
related to charge displacements and band bending effects at the interface. In
consequence, an inter-diffused layer interface structure model based on the for-
mation of Si-P bonds at the heterointerface and P-doping of the Si substrate was
suggested.
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0334 Tuel0:30 P

Structural LEED analysis of the reconstructed Si(001) surface
*JASCHA BAHLMANNl, Kris HOLTGREWEZ, SIMONE SANNAZ, and JOACHIM
WoLLSCHLAGER! — !Fachbereich Physik, Universitiat Osnabriick, 49076 Os-
nabriick, Germany — Institut fiir Theoretische Physik and Center for Materials
Research (LaMa), Justus-Liebig-Universitit Gielen, 35392 Giefen, Germany
Previous attempts to solve the atomic geometry of the Si(001)-(2x1) recon-
structed surface by means of LEED yielded so far only ambiguous results. We
present a geometrical model with asymmetric and buckled dimers with an ex-
cellent agreement between the experimental and calculated spectra by dynamic
LEED theory. Furthermore, we reveal which parts of the analysis were particu-
larly crucial for obtaining this conclusive IV-LEED result.

Additionally, a comparison between our model, the models of DFT calcula-
tions and X-ray diffraction is presented. Moreover, we go a step further and
examine also the transition to the higher order reconstruction c(4x2).

0335 Tuel0:30 P
Temperature dependent adsorption of Trimethylamine (TMA) on water-
functionalized Si(001)-(2x1) surfaces — sNIKLAS FORNEFELD', LUCIA PEREZ
RAM{REZ?, FraNGoOIS ROCHET?, STEFAN KuBsky’, and ULricH KOHLER' —
!'Experimentalphysik IV, Ruhr-Universitit Bochum, Bochum, Germany —
?Laboratoire de Chimie Physique matiére et Rayonnement, Univ. P. et M. Curie,
Paris, France — 3Synchrotron Soleil, St. Aubin (Paris), France
Concerning functionalization of Si(001)-(2x1) with organic molecules, an inter-
mediate water layer enables better control of the adsorption processes due to the
reduction of possible adsorption sites. To investigate the binding properties on
surface silanols (SiOH) and to examine the chemical reactivity we studied the
vibrational modes of TMA in the temperature range between 100 K and 300 K
during adsorption on a H,O/D, O reacted Si(001)-(2x1) surface using HREELS
in comparison to XPS results. Both complementary techniques indicate that
TMA adsorbs non-dissociatively to surface silanols forming acceptor H-bonds
at T<120K and at T < 135K under constant TMA flux. Self-limited TMA ad-
sorption was found to occur already for T < 175K affecting 80 % of the SIOH
without the appearance of the characteristic v(SiO-H) redshift for H-bonding
seen at lower temperature. Both adsorption reactions are reversible processes
involving TMA N lone pair electrons thus ruling out TMA protonation by either
SiH or SiOH. Analyzation of the v(CHj;) Bohlmann band allows us to estimate
the bond strength of adsorbed TMA to be in between dative and intermolecular
bonding found in TMA mono-/multilayers on pristine Si(100).

0336 Tuel0:30 P
Enhancing structural order by random Au adsorption on the Si(553)-Au
system — eCHRISTA FINKI, Kris HOLTGREWEI, SIMONE SANNAI, ZAMIN
MAMIYEVZ, and HERBERT PFNUR? — 1Iustus-Liebig-Universitéit, Gief3en, Ger-
many — 2Leibniz Universitit, Hannover, Germany
Nanowires on semiconductor surfaces have drawn the attention from a broad
research community as they are promising systems for realizing and studying
quasi 1D physics. We investigate the adsorption of additional Au adatoms on
the Au double chain system supported by the silicon (553) surface by means of
density functional theory and slab models. One adatom per (5 X 2) unit cell
strongly enhances the Au chain dimerization, although the favored adsorption
site is at the Si step edge far away from the chains. This non-local structure ma-
nipulation is related to the two-dimensional coupling between the wire and the
substrate. The electronic band structure proves that the hybridization between
the Au adatom and the Si step edge transfers charge to the surface. Because of
the strong electronic correlation, a band gap opens within the Au related states
which is accompanied by an increased dimerization of the Au chains. The Au
adsorption has a similar impact on the surface morphology as a pure electron
injection. As the enhanced dimerization puts a penalty on the formation energy
of defects, the not necessarily ordered adsorption of Au adatoms reduces the
number of defects and leads to more order in the wires. This counter-intuitive
order-by-disorder mechanism is confirmed by experimental results and trans-
ferable to other quasi 1D nanowire systems.
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0341 Tuel0:30 P
Elucidating the bonding of 2-mercaptobenzimidazole on Cu(111) by STM
and DFT — ¢MARION A. VAN MIDDEN, MATic LoZINSEK, TONE KokaALJ, and
ERIK ZUPANIC — Jozef Stefan Institute, Ljubljana, Slovenia
While organic corrosion inhibitors such as 2-mercaptobenzimidazole are widely
used to protect the surface of copper, their bonding mechanism on the atomic
scale remains elusive. DFT calculations have shown that different bonding con-
figurations have comparable energies when considering the binding of a single
molecule to the surface. In the case of larger coverages, which are common in
real-life applications, various inter-molecular interactions have to be considered
as well, further complicating calculations. To determine which interactions are
most significant for the bonding and self-assembly of 2-mercaptobenzimidazole
on the surface of Cu(111) we prepared samples in ultra high vacuum and im-
aged them using STM. Varying the evaporation rate and time as well as the sub-
strate temperature allowed us to control the coverage and limit the energy the
molecules have available to self assemble. Surprisingly the molecules formed
ordered self-assembled structures even when depositing on samples cooled to
approximately 50 K. These structures reassembled at temperatures below 100 K.
Similarly, most of the observed structures rearranged when slightly heated. This
opposes the idea that strong binding to specific sites on the surface is crucial
for corrosion prevention. The large variety of obtained self-assembled structures
at different deposition parameters suggests, that the energy scales of competing
interactions must be similar.

0342 Tuel0:30 P
Comparison of the adsorptions of ethanol and azobenzene molecules on
single-layer hexagonal boron nitride on Rh(111) — +Kr1szT1AN PaLoTAs'?,
ARNOLD Farkas®>® , ApiAm SZITASZ, DANIEL ]URDIZ, RIcHARD GuB6>? , TIBOR
PASZTORZ, TiBOR A]TA12’3, LAszLO OVAR12’3, JANOS KISSZ, ANDRAS BERK(’)Z,
and ZortAn Konya® — 'Wigner Research Center for Physics, Budapest, Hun-
gary — 2University of Szeged, Szeged, Hungary — >ELI-ALPS, Szeged, Hungary
The nanomesh structure of single-layer hexagonal boron nitride (hBN) on vari-
ous metal surfaces can be used as a nanotemplate for molecular adsorption. Pos-
sible applications can be molecular electronics, heterogeneous catalysis, sens-
ing, or light harvesting. We investigate the adsorption properties of ethanol
[1] and azobenzene [2] molecules on the hBN/Rh(111) surface by density func-
tional theory calculations and experimental methods. We find high selectivity
of the nanomesh structure for the azobenzene adsorption [2], but no selectivity
for the ethanol adsorption [1]. The latter finding is in line with experimental
observations of a very weak interaction between ethanol and the hBN/Rh(111)
substrate [1]. Finally, we analyze the trans- and cis-azobenzene adsorption and
azobenzene-azobenzene interactions in great details by using theoretical means
[2]. These latter results contribute to the understanding of the behavior of photo-
switching molecules on nanotemplated surfaces.

[1] A. P. Farkas et al. Appl. Catal. A: Gen. 592, 117440 (2020).
[2] A. Szités et al. J. Phys. Chem. C 124, 14182 (2020).

0343 Tuel0:30 P
Investigating kinetics of organic molecules on inorganic substrates — e ANNA
WERKOVITS and OLIVER T. HOEMANN — Institute of Solid State Physics, NAWI
Graz, Graz University of Technology, Petersgasse 16, 8010 Graz, Austria
Growth processes of organic thin films are strongly influenced by the interplay
of thermodynamics and kinetics. Following Ostwald’s rule of stages, metastable
structures often form first during the deposition process. Transitions to more
stable structures may be prevented by fast aggregation and growth of the ther-
modynamically less stable seed, leading to a kinetically trapped polymorph. The
selective growth of specific polymorphs, therefore, requires balancing growth
and phase transitions via appropriately chosen deposition conditions.

The poster introduces a roadmap for achieving selective growth of organic-
inorganic systems and gives an overview of the corresponding challenges and
limitations. While thermodynamics can be sufficiently treated by now, kinetics
are still an issue as reliable transition state searches devour computational re-
sources. This is primarily caused by the lack of suitable force fields and the high
dimensionality of the potential energy surface. We provide first insights about
the kinetics for the model system tetracyanoethylene (TCNE) on Cu(111). En-
ergies are obtained using density functional theory (PBE+TS™") and transition
states mainly with the Nudged Elastic Band method.

0344 Tuel0:30 P
Computational Structure Prediction for Interfaces: What is Currently Pos-
sible? — eLUkAs HORMANN, ANDREAS JEINDL, FABIO CALCINELLI, JOHANNES
Cartus, and OLIVER HOFMANN — Institute of Solid State Physics, NAWI Graz,
Graz University of Technology, Petersgasse 16, 8010 Graz, Austria
Studying the electronic structure of organic monolayers on inorganic substrates
requires knowledge about their atomistic structure. Such monolayers often dis-
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play rich polymorphism arising from diverse molecular arrangements in differ-
ent unit cells. The large number of arrangements poses a big challenge for deter-
mining the different polymorphs from first principles. To meet this challenge, we
developed SAMPLE[1], which employs coarse-grained modeling and machine
learning to efficiently map the minima of the potential energy surface of com-
mensurate organic adlayers. With only a few hundred DFT calculations as input,
we use Bayesian linear regression to determine the parameters of a physically
motivated energy model. These parameters yield meaningful physical insight
and allow predicting adsorption energies for millions of possible polymorphs
with high accuracy. Beyond that, we continuously push the boundaries of surface
structure search, with three noteworthy developments: i) predicting the second
adlayer pursuing the goal of studying thin film properties; ii) generalizing SAM-
PLE to investigate incommensurate adlayers; iii) employing feature recognition
to reveal hidden relationships between the interface properties. [1] Hérmann et
al., Comput. Phys. Commun. 244, 143*155, 2019

0345 Tuel0:30 P
On-surface synthesis of BN-doped carbon nanostructures — «ToBIAS Weiss! N
ALEKSANDR BAKLANOVI, Knup SEUFERTl, JOHANNES KﬁCHLEl, MARC GONZA-
LEZ CUXARTI, FRANCESCO ALLEGRETTII, Jacoro Dossoz, DAVIDE BONIFAZIZ’4,
NicoLas BACHELLIER® , MATTHIAS MUNTWILER® , and WILLI AUWARTER! —
!Physics Department E20, Technical University of Munich, Germany — *School
of Chemistry, Cardiff University, Cardiff, UK — 3Paul Scherrer Institute, Villi-
gen, Switzerland — *Institute of Organic Chemistry, Faculty of Chemistry, Uni-
versity of Vienna, Austria
Hybrid hexagonal boron nitride - carbon (BNC) layers provide promising prop-
erties for potential applications in electronics and gas adsorption [1]. Re-
cently, BNC-based tectons were introduced to assemble covalent networks and
supramolecular arrays on metal surfaces [1-3].

Here, we report the formation of BNC nanostructures on Ag(111) and
Au(111) via bottom-up synthesis from borazine derivatives in UHV. We em-
ployed both a dehydrogenation approach using a BN-doped coronene deriva-
tive and an Ullmann-type coupling approach using a chlorine- and bromine-
functionalized hexaphenylborazine. The resulting 2D structures, the sequential
dehalogenation steps, and the Ullmann coupling are investigated with (fast) XPS
and STM. Additionally, we probed the CO, CO,, and borazine adsorption on the
BNC structures, revealing the inertness of the borazine core.

[1] M. M. Lorenzo-Garcia et al., Chimia, 2017 71, 9, 550-557.

[2] C. Sanchez-Sanchez et al., ACS Nano, 20159, 9, 922.

[3] M. Schwarz et al., Chem. Eur. J., 2018 24, 9565.

034.6 Tuel0:30 P
Self-assembly and metalation of a novel macrocyclic biquinazoline com-
pound on Ag(111) — eFELIX HAAGI, PETER S. DEIMELI, PETER KNECHTI,
RAPHAEL LAUENSTEINZ, MANUEL KASPARZ, KNuD SEUFERTI, YANG BAol,
MaRrc GoNzALEZ CUXART!, ANTHOULA C. PAPAGEORGIOU', CORINNA HESS?,
‘WILLI AUWARTERI, JOHANNES V. BARTHI, and FRANCESCO ALLEGRETTI'
— 'Physics Department E20, Technical University Munich, Germany —
2Chemistry Deparment, Technical University Munich, Germany
We report the first experimental study of the adsorption of the macrocyclic
biquinazoline (H-Mabiq) compound on a model solid surface. Its two poten-
tial coordination sites for metal ions, combined with multi-electron transfer ca-
pacity ensure higher sophistication beyond the well-studied metallo-porphyrins
and -phthalocyanines. As the coordination sites can be occupied by differ-
ent metal atoms, adsorbed Mabiq complexes are promising candidates for pho-
tocatalytic applications and epoxidation reactions. Here, we present the self-
assembly, on-surface binding and chemical state of H-Mabiq on Ag(111) by em-
ploying a toolbox of surface science techniques including XPS, NEXAFS, LEED,
STM and TPD. We establish protocols for the preparation of well-ordered single
layers and the controlled metalation with Co atoms. The ordering and packing of
the pristine H-Mabiq single layer depend critically on the substrate temperature,
evidenced through distinct changes in the LEED pattern and STM topography
upon annealing. Moreover, the effect of Co deposition on the self-assembly and
chemical state of the molecules is discussed.

0347 Tuel0:30 P
Asymmetric cyclotrimerization of terminal alkenes on Au(111) —
sMIRUNALINT DEVARAJULU', KEVIN DHAMO?, KONSTANTIN AMSHAROV®,
BERND MEYER?, and SABINE MAIER! — 1Department of Physics, Friedrich-
Alexander-Universitat Erlangen-Niirnberg — 2Interdisciplinary Center for
Molecular Materials (ICMM) and Computer-Chemistry-Center (CCC),
Friedrich-Alexander-Universitit Erlangen-Niirnberg — *Institute for Chem-
istry, Martin Luther University of Halle-Wittenberg
Most branched, crosslinked, and networked polyphenylene polymers that have
been assembled on metal surfaces via on-surface synthesis are non-conjugated
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because they contain metaphenylene units. In contrast, the on-surface synthesis
of conjugated orthophenylene units remained so far elusive as rare by-products.

Here, we demonstrate the on-surface synthesis of conjugated 1,2,4-
triphenylbenzenes via selective asymmetric cyclotrimerization of terminal
alkenes on Au(111). We provide a detailed analysis of the reaction intermedi-
ates and final products via dehydrogenative homocoupling of terminal alkenes of
linear 4-vinyl-1,1’-terphenyl molecules on Au(111) using low-temperature scan-
ning tunneling microscopy in combination with density functional theory.

0348 Tuel0:30 P
Selective on-surface synthesis of oxygen heterocycles on metals
— *ANDREAS D('jRRl, NEMANJA Koc1(':1, KONSTANTIN AMSHAROV®, and
SABINE MAIER' — !Department for Physics, Friedrich-Alexander-Universitit
Erlangen-Niirnberg — “Institute for Chemistry, Martin-Luther-Universitit
Halle-Wittenberg
Heterocycles with nitrogen, oxygen, or sulfur atoms are the basic units to in-
corporate chemical functionalization into carbon scaffolds. For oxygen-doped
nanographenes, furan and pyran - having five- and six-membered rings, re-
spectively - are the most common ones. However, their on-surface synthesis
via cyclomerization reactions remains elusive so far. Here we present a low-
temperature scanning tunneling microscopy study to understand the on-surface
synthesis of furan and pyran derivatives from ketone-functionalized precursors
on metal surfaces. We use thermally induced CH-activation reactions to fuse
two ketone-derivatives in either cis- and trans-configuration selectively. Finally,
cyclomerization reactions towards furan and pyran moieties are observed after
further annealing. These results are highly unexpected because ketone deriva-

2

tives are mostly known to convert to cyclic trimers or tetramers in solution-based
chemistry. On the surface, however, the strong interaction of the ketones with
the metal surface and adatoms opens up new reaction pathways.

0349 Tuel0:30 P
[n]Phenacene: Growth, Electronic Properties and On-Surface-Synthesis —
e AKASH GUPTAI, PauL Yu-HsianG YENI, Hsuan TING LINl, WuN CHANG PANI,
YonG-HE Pan!, GERMAR HorFMAN', and HIDEKT OKAMOTO? — 1Department
of Physics, National Tsing Hua University, Hsinchu, Taiwan — “Department of
Chemistry, Okayama University, Japan
Chemical functionalization of solid surfaces and the study of respectively formed
organic-metal interfaces from self-assembled molecular films to stacked layers
attain a lot of attention. By means of an atomically precise design through a
chemical approach, new materials and interfaces for organic electronics can be
engineered. This offers a path to low cost, mechanically flexible, low weight com-
ponents for organic electronics, such as OLEDs and OFETs through a chemistry
driven bottom-up approach.

Pentacene, with a linear arrangement of five benzene rings, is intensively stud-
ied for prototype transistors but degrades under the presence of Oxygen. The
chemically more robust [n]Phenacene, with n in a repeating W-shaped pattern
fused benzene rings, was recently introduced as a promising alternative. Thereby,
the electron mobility increases with n, the number of benzene rings.

Here, we study the growth and electronic properties of [10]Phenacenes on
Au(111) and Ag(111) by Scanning Tunneling Microscopy/Spectroscopy at 77K
and compare it to [5], [7], [9]Phenacene. The possibility of On-Surface-Synthesis
of functionalized Phenacenes is discussed.

0 35: Poster Session lll: Surface dynamics I: Phase transitions and elementary processes

Time: Tuesday 10:30-12:30

0351 Tuel0:30 P
Interphase Formation in Solid Oxide Electrolysis Cells - A Close-up on
the YSZ/LSM Grain Boundary — sHANNA TUERK, KARSTEN REUTER, and
CHRISTOPH SCHEURER — Fritz-Haber-Institute of the Max-Planck-Society
Solid oxide electrolysis cells (SOECs) are among the most efficient technologies
for water splitting from fluctuating renewable electricity sources. While SOECs
are in principle well adapted to intermittent operation, cell performance and
lifetime is severely limited by degradation of the anode. This degradation goes
hand in hand with the oxygen evolution reaction taking place at the triple-phase
boundary (TPB) between the anode, the solid electrolyte and the gas phase.
Up to now, the atomistic structure of this active catalyst region is essentially
unknown though, which prevents a detailed analysis of the actual degradation
mechanisms.

Here, we take a first step to elucidate the TPB structure by performing molec-
ular simulations of the underlying interface between the oxygen-ion conduct-
ing electrolyte yttria-stabilized zirconia (YSZ) and the typical electrode material
strontium-doped lanthanum manganite (LSM). Parallel-tempering Monte Carlo
with a cumulatively growing swapping region centered at the interface yields an
efficient simulation approach capable of addressing the structural complexity of
this grain boundary region. Our experimentally validated results clearly evi-
dence the formation of an extended interphase region with partial loss of crys-
talline order and distinct segregation profiles.

0352 Tuel0:30 P
Time-Resolved 2D IR Pump-Probe Spectroscopy — MICHAEL LACKNER,
eMARVIN HILLE, TIM LAMMERZAHL, NELLI KREMER, and ECKART HASSEL-
BRINK — University of Duisburg-Essen, Essen, Germany
Internal vibrational energy distribution (IVR) in molecules is fundamental for
understanding their chemical reactivity and research in this field has gained a lot
of popularity in the past. It is, however, still fair to say that predictive power over
the energy flow in vibrationally excited molecules has yet to be obtained. We
will present newest findings regarding the energy flow dynamic of a fatty acid
Langmuir-Blodgett film on a picosecond scale. Vibrational sum frequency gen-
eration (vSFG) spectroscopy allows precise monitoring of resonant vibrations of
an adsorbate monolayer. In our setup we use a resonant ps narrowband IR laser
pulse for pumping and a fs broadband IR-visible pulse pair for vSFG probing of
the monolayer. Using this pump-probe setup we observed a very fast (< 2ps) en-
ergy transfer to the other modes when pumping the anti-symmetric methyl or
methylene stretch, followed by a longer decay (~85 ps) into presumably bending
and internal rotational modes.

0353 Tuel0:30 P
Atomic Diffusion in O(2x2) on Ru(0001) - Spiral High Speed STM —
*LEONARD GURAI, JoacHIM PAIERZ, ZECHAO YANGI, FLORIAN KALASSI,
MATTHIAS BRINKERI, HEeinz ]UNKESI, MARKUS HEYDEI, and HANS-JOACHIM
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FREUND' — !Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Ger-
many — 2Humboldt Universitit zu Berlin, Berlin, Germany

The diffusion of atomic oxygen on Ru(0001) has been studied over the last
decades. Conventional Scanning Tunneling Microscopy (STM) gave hopping
rates for oxygen vacancies in an O(2x2) adlayer in the order of 1/100 s [1].

Here we present new results on the dynamics in the O(2x2) layer on Ru(0001)
at room temperature. We used a novel STM spiral scan pattern to avoid internal
resonance frequencies of the microscope body. With this approach we increased
the frame rate to 40 Hz.

Thanks to the high frame rate we were able to observe frequent jumps in the
O(2x2) adlayer with hopping rates in the order of 1/1 s. In addition, we resolved
intermediate states during single jump events. Based on Density Functional The-
ory (DFT) calculations, we provide a plausible O migration pathway.

Ideas for future studies include oxygen coverage and temperature dependent
measurements. With refined spiral geometries and tip velocities we hope to fur-
ther increase the scan speed to then monitor more dynamic processes at the
atomic scale.

[1] Wintterlin, J. et al. (1997). Surface science, 394(1-3), 159-169 and refer-
ences therein.

0354 Tuel0:30 P
Free energy QM/MM simulations of on-surface reaction pathways —
«AURELIO GALLARDO'?, JESUS MENDIETA', and PAVEL IELI'NEKI’2 — 1FZU of
the CAS, Prague, Czech Republic — ZRCPTM, Palacky University, Olomouc,
Czech Republic
On-surface chemistry represents a fast-growing field allowing to synthetize
molecular structures not available by traditional wet chemistry. In combination
with high-resolution scanning probe technique providing the unprecedented
spatial resolution, individual products of reactions can be precisely identified.
Nevertheless, a deep understanding of the reaction mechanism under the con-
ditions imposed by the substrate remains unknown. Widely adopted energy re-
action path techniques will only describe the potential energy landscape at zero
Kelvin, while the free energy landscape at given temperature enables a more ap-
propriate description of the reaction. Such simulations including temperature
effect include the effect of entropy, vibrations modes, concerted motion, etc.
Consequently, such simulations avoid local minima and allows to explore dif-
ferent states, revealing lower energy pathways. We will present QM/MM simu-
lations of strain-induced isomerization in one-dimensional metal-organic chains
on Cu(111) surface [1]. The simulation demonstrates the importance of the tem-
perature effect on proper description of the reaction mechanism.

[1] M. Telychko, J. Su, A. Gallardo, Y. Gu, J. I. Mendieta-Moreno, D. Qi,
A. Tadich, S. Song, P. Lyu, Z. Qiu, H. Fang, M. Joo Koh, J. Wu, P. Jelinek J.
Lu, Strain-Induced Isomerization in One-Dimensional Metal-Organic Chains,
Angew. Chem 58, 8591-18597 (2019).
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0355 Tuel0:30 P
Nonadiabatic quantum dynamics of diffusion and scattering at metal surfaces
— ¢JAMES ] GARDNER, SVENJA M JANKE, and REINHARD ] MAURER — University
of Warwick, Coventry, United Kingdom
Dynamics at molecule-metal interfaces involve a close coupling between the
electronic and nuclear degrees of freedom, violating the Born-Oppenheimer ap-
proximation. The Anderson-Holstein Hamiltonian provides a standard model
for describing the nonadiabatic dynamics encountered at the metal surface. We

present two forms of this Hamiltonian that encompass surface diffusion and
scattering, both having an explicit structure for the electronic bath depending
on only two parameters. With these models, we identify and analyse different
parameter regimes in which quantum tunnelling and nonadiabatic effects are
important. We further calculate quantum rates and scattering probabilities at
different levels of theory. Our results provide a benchmark for the performance
of existing and future simulation methods to describe accurate quantum reaction
rates at metal surfaces.

0 36: Poster Session lll: Electronic structure of surfaces: Spectroscopy, surface states |

Time: Tuesday 10:30-12:30

036.1 Tuel0:30 P
Phonon mediated tunneling into a 2D electron gas on the Be(0001) surface
— ¢HERMANN OSTERHAGE, KAROLINE OETKER, ROLAND WIESENDANGER, and
STEFAN KRAUSE — Department of Physics, University of Hamburg, Germany
Beryllium is a very unique element among the metals. Whereas the bulk behaves
almost like a semiconductor, the (0001) surface is much more metallic, originat-
ing from electronic surface states. In our experiments, the clean Be(0001) sur-
face was investigated using scanning tunneling spectroscopy at low temperatures
[1]. A pronounced surface state is identified, additionally manifested by the ob-
servation of bias-dependent standing wave patterns. Fourier analysis reveals a
parabolic dispersion, being characteristic for Friedel oscillations. In contrast to
previous studies [2], no indications for the formation of a charge density wave
were observed.

Our spectroscopy data reveal symmetric steps in the tunneling conductance
around the Fermi level, which we assign to the opening of inelastic tunneling
channels via coupling to phonon modes. The Be(0001) surface is found to rep-
resent an almost ideal model system to shed light on the details of fundamental
electron-electron and electron-phonon interactions in low dimensions.

[1] H. Osterhage et al. (submitted).
[2] P. T. Sprunger et al., Science 275, 1764 (1997).

0362 Tuel0:30 P

The polar KTaO; (001) surface: Electronic structure and CO adsorption
— «MARTIN SETVIN"?, MICHELE RETICCIOLI’, ZHICHANG WANG>*, ZDENEK
IAKUBZ, MICHAEL SCHMIDZ, CESARE FRANCHINI3, and ULRIKE DIEBOLD?
! Cherles University, Prague, Czech Republic — >TU Wien, Vienna, Austria —
3University of Vienna, Vienna, Austria — 4Xiamen University, Xiamen, China
Polar surfaces offer intriguing physical and chemical properties applicable in
electronics or catalysis. Cleaving the KTaO3 perovskite along its polar (001)
plane provides a well-defined, bulk-terminated surface with KO and TaO, ter-
minations [1]. As-cleaved surfaces exhibit a high concentration of in-gap states;
these electrons predominantly reside at the TaO,-terminated parts of the sur-
face. These electrons can affect surface chemistry, as is demonstrated for CO
molecules. CO has two adsorption configurations on the TaO, termination, and
the CO differs in how it couples to the excess electrons. DFT calculations indicate
that CO preferentially couples to electron bipolarons.

The work was supported by FWF project P32148-N36, by GACR 20-21727X
and GAUK Primus/20/SCI/009.

0363 Tuel0:30 P

Lifetime-measurements of surface electrons enclosured in a circular CO-
Quantum Corral on Cu(111) — «MARco WEIss, JAKOB FucHs, FABIAN STILP,
and FRANZ JoseF GIESSIBL — University of Regensburg, 93040 Regensburg, Ger-
many
Adsorbates scatter surface state electrons exhibited by a Cu(111) surface [1]. Ar-
tificial manipulation of these microscopic scatterers opens the path to a variety
of manmade surface-potential landscapes. In 1993 Crommie et al. [2] assembled
48 Fe adatoms in a ring form shape with a diameter of about 15 nm. This so called
Quantum Corral confines the surface electrons within a circular symmetric po-
tential well. These past investigations revealed discrete, Bessel-type eigenstates of
the enclosured electrons by using scanning tunneling microscopy and tunneling
spectroscopy. But these studies on the Fe-Quantum-Corral showed a disadvan-
tageous movement of the Corral-walls during spectroscopic measurements. [2]

Our solution approach for this problem is to use CO-molecules for upgrad-
ing the Quantum Corral with more stable walls. This permits a more reliable
access for the spectroscopic analysis of this artificially built atomic feature. This
poster presents the results of our spectroscopic investigations on the CO-Corral.
The main focus is on determining the lifetime of such enclosuered surface state
electrons.

[1] Crommie et al. Nature 363, 524 (1993)

[2] Crommie et al. Science 262, 218 (1993)
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0364 Tuel0:30 P
Importance of surface oxygen vacancies for ultrafast hot carrier relaxation
and transport in Cu,O: Insight from hybrid DFT — «CHIARA Riccal,
Lisa GRADZ, MATTHIAS HENGSBERGERZ, JUrG OSTERWALDERZ, and ULRICH
AscuAUER! — 'Department of Chemistry and Biochemistry and National Cen-
tre for Computational Design and Discovery of Novel Materials MARVEL, Uni-
versity of Bern, CH-3012 Bern, Switzerland — 2Department of Physics, Univer-
sity of Zurich, Winterthurerstrasse 190, CH-8057 Zurich, Switzerland
Efficient Cu,O-based electrodes for photochemical water splitting can be engi-
neered through a deeper understanding of the surface defects and of the mech-
anisms responsible for the capture of the excited carriers that limit the gener-
ated photovoltage in Cu20 heterostructures. Using hybrid DFT calculations, we
confirmed that the (/3 X V/3)-R30 reconstruction at the Cu,0-(111) surface is
associated with a 1/3 monolayer of charged surface oxygen vacancies forming or-
dered structures due to mutual repulsion. Comparison with experimental data
obtained by two-photon photoemission spectroscopy indicates that the defect
states associated with these vacancies can strongly suppress electron transport,
while bulk defect states cannot act as electron traps. In particular, the excited
electronic state of the singly charged oxygen vacancy plays a crucial role in the
non-radiative electron capture process, with capture coefficients of about 10-9
cm?®/s and lifetimes of 0.04 ps, allowing to explain the experimentally observed
ultrafast carrier relaxation.

0365 Tuel0:30 P
Fermi Surface Tomography of Palladium via Momentum Microscopy — +XIN
LianG TANl, KeENTA HAGIWARAI, YING-JIUN CHENI’Z, JakuB SCHUSSERs, Tu-
LIA COIOCARIUI, VITALIY FEYERI, JaN MINARS, CLAUS M. SCHNEIDERI’Z, and
CHRISTIAN TUscHE"? — 1Forschungszentrum Jiilich, Peter Griinberg Institut,
Jiilich — Fakultit fiir Physik, Universitit Duisburg-Essen, Duisburg — *New
Technologies Research Centre, University of West Bohemia, Pilsen, Czech Re-
public
The Fermi surfaces, which describe all thermodynamical and transport quanti-
ties of solids, of transition metals are often failed to be modeled by one-electron
mean-field theory due to strong correlations among the valence electrons. More-
over, relativistic spin-orbit coupling pronounced in heavier elements lifts the
degeneracy of the energy bands and modifies the Fermi surface. Palladium, a
4d metal attributed to both significant spin-orbit coupling and electron corre-
lations, is ideal for a systematic and fundamental study on the two fundamen-
tal physical phenomena and their interplay in electronic structure. We will ex-
plore the experimentally determined electronic structure of palladium in four-
dimensional energy-momentum space (Eg;, ging-kx-k,,k,) obtained via momen-
tum microscopy. The complete 3D-Fermi surface of palladium and correspond-
ing isoenergy surfaces at higher binding energies were tomographically mapped
with an energy- and polarization-variable light source. Spin-orbit coupling and
electron correlations in palladium will be presented in the context of energy-
momentum relations across the Fermi surface and isoenergy surfaces.

036.6 Tuel0:30 P
Emergence of unusually high Na2IrO3 surface conductivity prepared in UHV
— oMATE STARKI, TaoMAS Dziusa! , INA PIETSCHZ, PHILIP GEGENWARTZ,
and MARTIN WENDEROTH' — 'IV. Physikalisches Institut, Georg-August-
Universitdt Gottingen, Germany — Lehrstuhl fiir Experimentalphysik VI, Zen-
trum fiir elektronische Korrelationen und Magnetismus, Universitidt Augsburg,
Germany
Na2IrO3 is a prototypical material in the honeycomb iridate family, where both
a spin liquid ground state and topologically insulating behaviour are theoreti-
cally predicted [1]. In this work, we perform transport measurements of freshly
cleaved Na2IrO3 crystals in ultra-high vacuum. Making use of the insulating na-
ture of bulk Na2IrO3 allows us to separate surface-related conductivity of freshly
cleaved crystals from bulk transport. We compare the electrical conductivity of
the uncleaved and cleaved surface as well as of the surface after degradation in
air as a function of temperature between 150 K and 300 K. We find a severe de-
viation from the usual variable-range-hopping transport [2] and complete dom-
ination of the surface conductivity for low temperatures. The freshly cleaved
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crystal showed a saturation of the sheet resistance at about 2,9 kQ at low tem-
peratures. After the degradation of the surface in air, the conductivity of the
surface decreased, and we measured a general change in the temperature depen-
dence compared to the freshly cleaved surface. Work supported by DFG through
SPP 1666 and TRR80. Ref.: [1] Phys. Rev. 108, 106401 (2012), [2] Phys. Rev.
B82, 064412 (2010)

036.7 Tuel0:30 P
Photoexcitation of Bulk Polarons in Rutile TiO2 — <ALEX TANNERI'Z, Bo
WEN3, Yu ZHANGI’Z, Li-MIN LIU4, HELEN FIELDINGl, ANNABELLA SELLONI3,
and GEorr THORNTON"? — ! Department of Chemistry, University College Lon-
don, 20 Gordon Street, London WC1H 0A], United Kingdom — 2London Centre
for Nanotechnology, University College London, 17-19 Gordon Street, London
WC1H 0AH, United Kingdom — *Department of Chemistry, Princeton Univer-
sity, Princeton NJ 08540, United States — *School of Physics, Beihang University,
Beijing, 100083, China

In recent years there has been considerable interest in the physics of polarons at
reduced TiO2 surfaces. This includes two photon photoemission spectroscopy
(2PPE) studies, which have proposed that polaron excitation may represent an
alternative vector to band gap excitation in photocatalysis. These studies show
that surface-localized polarons in rutile TiO2(110) couple with excited electronic
states ca. 2.6 eV above the conduction band minimum. However, readily oxi-
dised surface polarons likely have a minimal contribution in catalytic applica-
tions. In contrast, polarons in bulk TiO2 remain protected and therefore offer
intriguing potential.

With 2PPE and hybrid density functional theory, we find bulk polarons are
less bound by 0.2 eV compared with polarons at the surface. Because the excited
state is also shifted to higher energy, bulk polarons have the same resonance en-
ergy as at the surface with a threshold at 3.1 eV. This is degenerate with the band
gap, suggesting that bulk polarons could also provide an additional contribution
to the photoyield.
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0371 Tuel0:30 P

Exchange bias in Co/Co0O(110) bilayers — «TomMasz BracHowicz! and AN-
DREA EHRMANN? — !Silesian University of Technology, Institute of Physics -
Centre for Science and Education, Gliwice, Poland — “Bielefeld University of
Applied Sciences, Faculty of Engineering and Mathematics, Bielefeld, Germany
Co/CoO is a ferromagnet/antiferromagnet system in which the exchange bias,
a unidirectional anisotropy, was discovered [1]. The exchange bias can be ac-
companied by another anisotropy, the so-called 90° coupling, resulting in a ro-
tation of hard and easy axes of the ferromagnet (FM) due to coupling to the
antiferromagnet (AFM) at low temperatures [2]. Here we report on exchange
bias and 90° coupling in Co/CoO(110) thin film systems, resulting not only in
a rotation of the easy axes of the FM below the blocking temperature, but also
in a significant increase of the coercive fields near the blocking temperature for
one sample orientation. Combining Brillouin light scattering (BLS) and super-
conducting quantum interference device (SQUID) measurements, we show the
temperature-dependent effect of the different superposed anisotropies.

[1] T. Blachowicz, A. Ehrmann: Exchange bias in thin films - an update, Coat-
ings 11, 122 (2021)

[2] T. Btachowicz, A. Tillmanns, M. Fraune, B. Beschoten, and G. Giintherodt:
Exchange-bias in (110)-oriented CoO/Co bilayers with different magnetocrys-
talline anisotropies, Phys. Rev. B 75, 054425 (2007)

0372 Tuel0:30 P
Wavelength-dependent magnetization dynamics in Ni|Au bilayers —
«CHRISTOPHER SEIBEL, MARIUS WEBER, SEBASTIAN T. WEBER, HANS CHRIS-
TIAN SCHNEIDER, and BAERBEL RETHFELD — Department of Physics and Re-
search Center OPTIMAS, TU Kaiserslautern, Kaiserslautern, Germany
Existing experimental and theoretical studies of ultrafast demagnetization in
ferromagnets rely mostly on only one fixed wavelength to excite the sample.
However, recent experiments indicate that the dynamics of the demagnetization
and remagnetization process depend on the wavelength of the exciting laser
pulse [1, 2].

In this contribution, we apply the temperature-based yT-model to investigate
the magnetization dynamics of a thin nickel layer on a gold substrate. Our model
relies on realistic densities of states of both materials and includes energy and
spin transfer at the interface. Additionally, we focus on the absorption of the
exciting laser by calculating a spatially resolved absorption profile of the sample.
We show the influence of wavelength-dependent excitation on the magnetization
dynamics based on the energy deposition and energy transfer in the layers.

[1] V. Cardin et al., Phys. Rev. B 101, 054430 (2020)

[2] U. Bierbrauer et al., JOP: Cond. Mat. 29, 244002 (2017)

0373 Tuel0:30 P
Ultrafast demagnetization dynamics including spin resolved charge and heat
transport. — ¢SANJAY ASHOK, SEBASTIAN T. WEBER, CHRISTOPHER SEIBEL, JO-
HAN BRIONES, and BARBEL RETHFELD — Fachbereich Physik and OPTIMAS
Research Center, TU Kaiserslautern, Kaiserslautern, Germany
Ultrafast Demagnetization of metallic ferromagnets due to excitation with a fem-
tosecond laser pulse was discovered by Beaurepaire et al. in 1996 [1]. In case
of metallic magnets with thickness lesser than pene- tration depth of the laser,
the film is heated homogeneously. Therefore, due to absence of temperature and
density gradients within the material there would be no heat- or charge-currents.
For thicker magnetic metals, the heating is not uniform and therefore one needs
to distinguish the resulting role of heat and spin-resolved charge transport in
ultrafast de- and re- magnetization [2]. This is a pivotal issue owing to rich pos-
sibilities in its applications.
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Here we study the role of spin-resolved charge and heat transport in ultrafast
demagnetization of thick magnetic metal using Thermodynamic yT-model [3]
and obtain spatial and temporal evolution of magnetization. We also present the
role of applied fluence and trans- port channels.

[1] E. Beaurepaire, ].-C. Merle, A. Daunois and J.-Y. Bigot, Phys. Lett. 76, 4250
(1996).

[2] Y. Liu et al. MMM 502, 166477 (2020).

[3] B. Y. Mueller and B. Rethfeld, Phys. Rev. B 90, 144420 (2014).

0374 Tuel0:30 P
The role of magnon-phonon hybridization in the lifetime broadening of sur-
face states in rare-earth metals — «Bo Liu, HuijuaN X1a0, and MARTIN
WEINELT — Fachbereich Physik, Freie Universitdt Berlin, Arnimallee 14, 14195
Berlin, Germany
Magnons and phonons are fundamental quasiparticle excitations in magnetic
materials. Here we show that magnon-phonon hybridization plays an important
role in the lifetime broadening of the surface state of ferromagnetic terbium due
to large spin-lattice coupling in this material. This is evidenced by a compari-
son with Gd that has almost the same electronic structure as Tb but negligible
4f spin-orbit coupling. For the Gd surface state we show that magnon emission
determines the photo-hole relaxation at low temperatures where the minority
spin component exhibits clearly larger linewidth broadening than the majority
component. With increasing temperature electron-phonon scattering becomes
dominant evidenced by a larger coupling parameter A in the majority spin chan-
nel. In contrast in Tb, majority and minority spin components of the surface
state show very similar linewidths and the fitted electron-phonon coupling is
twice as large as in Gd. The negligible spin dependence suggests the formation
of magnon-polarons in line with our findings of ultrafast magnon emission in
Tb [1].

[1] B. Frietsch et al., Science Advances 6, eabb1601 (2020).

0375 Tuel0:30 P
Néel vector induced manipulation of valence states in the collinear an-
tiferromagnet Mn2Au — «HANS-JOACHIM ELmErs’, S. V. CHERNOV', S.
P. BOMMANABOYENAI, S. Yu. BODNARI, K. MED]ANIKI, S. BABENKOVI,
O. FEpcHENKO', D. VasiLyEv', S. Y. Acustsson', C. SCHLUETER?, A.
GLOSKOVSKIIZ, Y. MATVEYEVZ, V. N. STROCOVs, Y. SKOURSK13, S. DSOUZA4,
J. Mmvar?, L. SmejkaLl, J. Sinoval, M. Kraeur', G. SCHOENHENSE', and
M. IOURDAN1 — nstitut fiir Physik, Universitdt Mainz, Germany — ’DESY,
Hamburg, Germany — 3Helmholtz-Zentrum Dresden-Rossendorf, Germany —
“University of West Bohemia, Czech Republic — > Paul Scherrer Institut, Switzer-
land
Manipulation of the electronic valence states of the collinear metallic antiferro-
magnet Mn, Au was achieved by reorienting the direction of the staggered mag-
netisation (Néel vector). Pulsed magnetic fields of 50 T were used to direct the
sublattice magnetisations of capped epitaxial Mn,Au (001) thin films perpen-
dicular to the applied field direction by a spin-flop transition. The electronic
structure was investigated by hard X-ray angular-resolved photoemission spec-
troscopy. Our results confirm that the magnetic order parameter in real space
provokes considerable changes of electronic states in reciprocal space near the
Fermi Level and close to the X points. [1] ACS Nano 14, 17554 (2020).
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037.6 Tuel0:30 P
Internal magnetic field increase at surface and interface of palladium thin
films — «GEsA WELKER!, MARTIN DE Wit!, TJERK H. OOSTERKAMP', JoHN A.
MYDOSHI, THOMAS PROKSCHAZ, and Lucia Bossoni® — !Leiden Institute of
Physics, Leiden University, The Netherlands — 2Laboratory for Muon Spin Spec-
troscopy, Paul Scherrer Institute, Villingen, Switzerland — 3C.]. Gorter Center
for High Field MRI, Department of Radiology, Leiden University Medical Cen-
ter, The Netherlands
We experimentally investigated three undoped and iron-doped palladium (Pd)
100 nm thin films and found an increased internal magnetic field at the surface
and interface compared to the bulk-like middle of the film. Pd surfaces have re-
cently become of interest in the field of spin-orbitronics. Furthermore Pd nano-
material shows many applications where surface properties play a role, such as
for example catalysis, magnetoresistance spin valves and phase coherence super-
conducting junctions. Understanding the magnetic surface properties of Pd is
therefore relevant for various fields of research.

In our low-energy muon spin spectroscopy (MuSR) study, we implanted
muons in Pd samples at varying depths to probe the local magnetic field in the
implantation region. The field increase at the surface/interface is temperature-
independent, stronger for iron-doped samples, accompanied by an increased
field inhomogeneity and extending over a few nanometers. We discuss potential
origins for this magnetic surface state. Orbital moments induced by the sur-
face/interface and localized spins/charges are the most likely explanation.

037.7 Tuel0:30 P

Local pairwise exchange interactions for noncollinear states in itinerant-
electron magnets — «KSENIIA Vopenkova! and PAviL Bessaras"? — 'ITMO
University, St. Petersburg, Russia — >University of Icelad, Reykjavik, Iceland
The microscopic origin of the exchange interactions for noncollinear ordering of
atomic magnetic moments in itinerant-electron systems is a subject of ongoing
scientific discussions. In this work, we derive by means of the multiple-scattering
theory a general expression for pairwise magnetic exchange interaction param-
eters for an arbitrary noncollinear, nonstationary magnetic state. In contrast to
previous approaches, our formalism takes into account the variation of the fast
degrees of freedom such as charge density and magnetic moment length. Ap-
plication of the formalism to a tight-binding model reveals a range of magnetic
systems that can be described by a classical Heisenberg Hamiltonian reasonably
well. For other systems, our approach makes it possible to systematically de-
rive atomistic spin Hamiltonians beyond the Heisenberg model. Moreover, the
expression for the pairwise interaction tensor describes a local curvature of the
energy surface of the system as a function of the orientation of magnetic vectors.
This can be used in various contexts including description of thermal stability of
magnetic states within the harmonic transition state theory and efficient identi-
fication of stable magnetic configurations using the Newton-Raphson method.

This work was funded by the Russian Science Foundation (Grant No.19-72-
10138).
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0381 Tuel0:30 P
Thermal Activation of Nanoscale Wear — WEN WanG"?, «Dirk DieTZEL!, and
ANDRE ScCHIRMEISEN' — 'Institute of Applied Physic, University of Giessen,
35392 Giessen, Germany — 2School of Mechanical Engineering, Southwest Jiao-
tong University, 610031 Chengdu, China
Atomic force microscopy under ultrahigh vacuum conditions was used to study
the temperature dependence of nanoscale wear occurring on freshly cleaved
NaCl (001) and KBr (001) single crystals during continuous line scanning. Inde-
pendent of the material, we observe non-monotonous wear-rates as a function of
temperature, where a distinct transition between two regimes can be correlated
to the onset of quasi-periodic ripple formation at higher temperatures. We find
that a thermally activated bond breaking model quantitatively fully describes
the wear rates in the low temperature regime and can also be applied to the high
temperature regime once the alternating structure of mounds and troughs is ac-
curately considered. Based on this agreement with Arrhenius kinetics over the
whole temperature range, also the velocity dependence of the wear rate can be
explained, where the amount of wear only depends on the overall scan length
but is independent of sliding velocity.

0382 Tuel0:30 P
Temperature dependence of friction anisotropy on crystalline materials —
«JENNIFER KONRAD, DIRK DIETZEL, and ANDRE SCHIRMEISEN — Institute of
Applied Physics, University of Giessen, 35392 Giessen, Germany
On the nanoscale, the dependence of the friction force on the sliding direction
is a well-known phenomenon. This anisotropy occurs as a consequence of the
surface structure and is related to different energy barrier heights along different
directions of the sample surface. If the sample temperature is varied, the fric-
tion force as deduced from the thermally activated Prandtl Tomlinson model is
expected to change, with direct influence on the stability of the different slid-
ing directions. In this work, the directional friction force is now analyzed under
UHYV conditions as a function of temperature on different crystalline materi-
als. Our results show that the both the absolute friction and the anisotropy are
not only influenced by temperature itself but also reflect temperature dependent
wear effects which ultimately eliminate any frictional anisotropy.

0383 Tuel0:30 P
Frictional Behavior of Antimony Nanoparticles on HOPG at Elevated Tem-
peratures — +EBRU CIHAN, DIRK DIETZEL, and ANDRE SCHIRMEISEN — Justus-
Liebig University Giessen Institute of Applied Physics 35392 Giessen, Germany
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Structural Lubricity describes an effect leading to almost vanishing friction for
the case of incommensurate interfaces. But although very low, friction still de-
pends on the exact interface conditions, where especially relaxations between
substrate and slider can lead to a dynamic enhancement of the effective energy
barrier for lateral motion. Here, we present a tribological study of antimony
nanoparticles sliding on highly oriented pyrolytic graphite (HOPG) at elevated
temperatures. The high temperatures of up to several 100°C are used to drive
the structural relaxation of nanoparticles on the substrate and the correspond-
ing effects of contact aging are analyzed by both static and sliding friction and
their respective contact area dependence. In addition, our experimental set-up
should even allow to approach temperatures where sublimation of the antimony
sets in and fundamentally changed interface conditions can be expected.

0384 Tuel0:30 P
On-surface synthesis and mechanical stabilization of class 1 atropoiso-
mers — ePHILIPP D’ASTOLFOI, GUILHERME DE VILHENAI, CARL DRECHSELI,
JunGg-CHING LIUI, XUNSHAN LIUZ, SILVIO DECURTINSZ, SHI-XI1A LIUZ, REMY
Pawrak', and ErnsT MEYER' — Department of Physics, University of Basel,
Basel, Switzerland — *Department of Chemistry and Biochemistry, University
of Bern, Bern, Switzerland
The torsion and rotation about single carbon-carbon bonds is a natural
process that is ever-present in Chemistry- and Surface-Sciences. Due to
their small magnitude, measurements of force-induced rotational changes be-
tween units of a long polymeric chain have proven difficult until now. To
shed light on these processes, we synthesized sterically frustrated asymmetric
cyclopentaaceanthrylene-polymers on a gold surface and performed lifting- and
redeposition experiments using atomic force microscopy (AFM) at 4.8K. We de-
tected repeating jumps in the frequency shift signal related to successive unit de-
tachments of the poly-aceanthrylene units vertically lifted from the Au(111) sur-
face. After performing a lifting experiment, we also redeposited the polymer on
the surface while preserving the distinct bond-motif. Molecular dynamic (MD)
simulations of the lifting- and redeposition experiments with different tethering
of one end, ranging from hard anchored to slightly bonded and free ends, provide
an atomistic understanding of the experimentally observed molecular anchoring
on the peeling process and shed further light on the stabilization mechanism of
sterically frustrated polymers.
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039.1 Tuel0:30 P
Electronic and Optical Properties of Protonated Triazine Derivatives —
MICHELE GUERRINII’Z, «ENRIQUE DELGADO AZNARZ, and CATERINA CoccHr™?
— !Carl von Ossietzky Universitit Oldenburg, Institute of Physics, 26129 Old-
enburg, Germany — “Humboldt-Universitit zu Berlin, Physics Department and
IRIS Adlershof, 12489 Berlin, Germany
The peculiar electronic and optical properties of covalent organic frameworks
(COFs) are largely determined by protonation, a ubiquitous phenomenon in so-
lution environments. Resulting effects are non-trivial and yet crucial for the in-
triguing functionalities of these materials. We investigate from first principles
the impact of protonation of triazine and amino groups in molecular build-
ing blocks of COFs in water solution. We find that proton uptake leads to
bandgap reduction and to a reorganization of the electronic structure. The inter-
play between bandgap renormalization and exciton binding strength determines
whether the absorption onsets is red or blue shifted with respect to the pristine
species. Structural distortions induced by protonation are found to play only a
minor role.Our results [1] offer a quantitative and microscopic insight into the
role of protonation in the electronic and optical response of triazine derivatives
as building blocks of COFs and to the rationalization of the relationship between
structure, property, and functionality in these materials.

[1] M. Guerrini, E. D. Aznar, C. Cocchi J. Phys.

10.1021/acs.jpcc.0c08812

Chem. C 2020 DOI:

0392 Tuel0:30 P
Controlled Electron-Induced Fabrication of Metallic Nanostructures on
1 nm Thick Membranes — CHRISTIAN PREISCHL! , *LINH HoaANG LEZ,
ELIF BILGILISOY', FLORIAN VOLLNHALS', ARMIN GOLZHAUSER®, and HUBER-
TUs MARBACH! — 1Physikalische Chemie 1II, Friedrich-Alexander Universitit
Erlangen-Niirnberg, 91058 Erlangen, Germany — *Fakultit fiir Physik, Univer-
sitét Bielefeld, 33615 Bielefeld, Germany
Functional metallic nanostructures precisely deposited on insulating 2D mate-
rials are desired in many applications in optics, electronics, and magnetics. Such
miniaturized details can be realized by using focused electron beam induced de-
position (FEBID). With this technique, we directly deposit iron structures from
Fe(CO)5 precursors onto terphenylthiol self-assembled monolayers (SAMs). We
then apply electron irradiation to crosslink the functionalized SAM:s into porous
carbon nanomembranes (CNMs) while the iron structures remain on their sur-
faces. The resulting ultrathin, flexible and mechanically stable CNMs preserves
the written iron patterns. They can be transferred onto either solid substrates
or onto grids to obtain free-standing metal/CNM hybrids. In this way, we can
achieve clean iron nanostructures of arbitrary size and shape on top of the 1 nm
thick CNMs. Combining the ease and versatility of CNMs with the flexibility of
FEBID leads to a promising route for the fabrication of functional hybrid nanos-
tructures.

0393 Tuel0:30 P
Ru(II) polypyridine nanomembranes by low-energy electron irradiation of
SAMs — eMARIA KULLMERI, FELIX HERRMANN-WESTENDORE > , STEFAN
GOTZ?, CHRISTOF NEUMANN', PATRICK ENDRES?, REBECKA GLASSNER', AN-
DREAS WINTERZ, ULRICH SIGMAR SCHUBERT2’4, BENJAMIN DIETZEK1'3’4, and
ANDREY TurcHaNIN'* — !Institute of Physical Chemistry, Friedrich Schiller
University Jena, Germany — “Institute of Organic Chemistry and Makro-
molecular Chemistry (IOMC), Friedrich Schiller University Jena, Germany —
*Leibniz Institute of Photonic Technology e. V., Jena, Germany — *Center for
Energy and Environmental Chemistry Jena (CEEC Jena), Germany
Artificial photosynthesis is of great importance for the development of sus-
tainable energy sources. Due to their unique chemical and physical properties
molecular 2D materials are highly promising building blocks to this end. Here
we present two different concepts for the introduction of the Ru(II) polypyridine
photosensitizers into Carbon Nanomembranes (CNMs) - a molecular nanosheet
generated by electron irradiation induced cross-linking of self-assembled mono-
layers (SAMs). The photoactive units are either incorporated into the SAMs be-
fore or covalently attached after the crosslinking. We characterize the developed
molecular nanosheets using high-resolution X-ray photoelectron spectroscopy
and surface-enhanced Raman scattering. The combination of atomic force and
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scanning electron microscopy shows the formation of 2D nanomembranes. Pho-
tothermal deflection spectroscopy (PDS) is employed to characterize the absorp-
tion properties.

0394 Tuel0:30 P
Gas permeation through a series of chemically inert carbon nanomembranes
— *VLADISLAV STROGANOV', DANIEL HUGER', MONIKA KRUK?, CHRISTOF
NEUMANNI, KRrzYSZTOF KOZIEL3, ProTr CYGANIKZ, and ANDREY TURCHANIN'
— !Friedrich Schiller University Jena, 07743 Jena, Germany — 2Smoluchowski
Institute of Physics, Jagiellonian University, 30-348 Krakow — >Faculty of Chem-
istry, Jagiellonian University, 30-387 Krakow
Due to their unique physical and chemical properties, atomically or molecu-
larly thin sheets are promising nanomaterials for future energy conversion and
separation technologies. In this study, we investigate carbon nanomembranes
(CNMs) synthesized by low energy electron beam irradiation cross-linking of
self-assembled monolayers based on a homologue series of biphenyl substi-
tuted carboxylic acids (C4H;-C4H,4-(CH,),-COO/Ag, n=2-6). Their perme-
ation properties for various gases (He, Ar, D,, D,0, O,) were studied by highly
sensitive mass spectrometry measurements. The results demonstrate that the
permeation of CNMs can be intimately tuned by structure of the molecular pre-
cursors. A difference of only one aliphatic carbon unit can significantly modify
the permeation of gases with various kinetic diameters. Based on the conducted
measurements, we evaluate the size and the density of nanopores in CNMs. Both
quantities are otherwise hardly accessible for the studied molecular nanosheets
by conventional microscopy techniques.

0395 Tuel0:30 P
Preparation of Carbon Nanomembranes without Chemically Active Groups
— CHRISTOF NEUMANNI, MONIKA SZWEDZ, eMARTHA FREYI, ZIAN TANGI,
KrzvszToF Kozier?, PIoTR CYGANIK?, and ANDREY TURCHANIN' — !Institute
of Physical Chemistry, Friedrich Schiller University Jena, 07743 Jena —
2Smoluchowski Institute of Physics, Jagiellonian University, 30-348 Krakow —
3Faculty of Chemistry, Jagiellonian University, 30-387 Krakow
The electron-irradiation-induced synthesis of carbon nanomembranes (CNMs)
from aromatic thiol-based self-assembled monolayers (SAMs) on gold substrate
is a well-established method to form molecular thin nanosheets. These molecular
two-dimensional materials can be prepared with tunable properties; therefore,
they find a variety of applications in nanotechnology ranging from ultrafiltration
to nanobiosensors. However, having advantages for some applications, chemi-
cally inert CNM cannot be prepared from thiol-based SAMs, as the reactive thiol
group is present on the membrane surface even after transferring it to other sub-
strates. Here, we study the electron irradiation of carboxylic acid-based SAMs
on a silver substrate as an alternative route for CNM formation. Our analysis,
based on a combination of X-ray photoelectron spectroscopy and scanning elec-
tron microscopy demonstrates that for this type of SAMs, purely carbonaceous
CNMs with tunable porosity can be obtained. Neumann et al. ACS Appl. Mater.
Interfaces 11 (2019) 31176.

039.6 Tuel0:30 P
Optically triggered control of carrier density in hybrid graphene-carbon
nanomembranes field effect transistors ¢ ANTONY GEORGEI, ZIAN
TANG', ANDREAS WINTER', DAVID KaTSER', CHRISTOF NEUMANN', THOMAS
WEIMANN?, and ANDREY TURCHANIN' — !Friedrich Schiller University
Jena, Institute of Physical Chemistry, 07743 Jena, Germany — Physikalisch-
Technische Bundesanstalt (PTB), 38116 Braunschweig, Germany
Field effect transistors (FETs) based on 2D materials are of great interest for ap-
plications in ultrathin electronic and sensing devices. Here we demonstrate the
possibility to add optical switchability to graphene FETs (GFET) by function-
alizing the graphene channel with optically active azobenzene molecules. The
azobenzene molecules have been incorporated to the GFET channel by build-
ing a van der Waals heterostructure with carbon nanomembrane (CNM) which
is used as a molecular interposer to attach the azobenzene molecules. Under
exposure with 365 nm and 455 nm light, azobenzene molecules undergo cis-
and trans- molecular conformations respectively, resulting in a switching of the
molecular dipole moment. Thus the effective molecular field acting on the GFET
channel is switched by optical stimulation and the carrier density is modulated.
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040.1 Tuel0:30 P
Broad spectral tuning of ultra-low-loss polaritons in a van der Waals crystal
by intercalation — +PABLO ALONSO-GONZALEZ — University of Oviedo
Phonon polaritons (PhPs) -light coupled to lattice vibrations- hold great
promises for an unprecedented control of the flow of energy at the nanoscale
because of their strong field confinement and long propagation. Moreover, re-
cent experiments in polar van der Waals (vdW) crystals such as h-BN and *-
Mo031%3, have demonstrated PhPs with anisotropic propagation, and ultra-
long lifetime in the picosecond range. However, a main drawback of these PhPs
is the lack of tunability of the narrow and material-specific spectral range where
they exist * the so-called Reststrahlen Band (RB) *, which severely limits their
implementation in nanophotonics technologies. Here, we demonstrate that in-
tercalation allows for a broad spectral shift of RBs in a vdW crystal, and that
the PhPs excited within them show ultra-low losses (lifetime of 5 ps) similar to
PhPs in the non-intercalated crystal (lifetime of 8 ps). As a difference to previous
attempts, which fail in keeping the polaritonic activity of the intercalated com-
pound, our results are possible by employing an intercalation method based on
single crystal growth, that we carried out in the vdW semiconductor *-V205,
thereby also adding a new member to the library of vdW materials supporting
PhPs. We expect this intercalation method to be applied in other vdW materi-
als, opening the door for the use of PhPs in broad spectral bands that eventually
cover the whole mid-IR range, which seems to be elusive with currently known
polaritonic materials.

0402 Tuel0:30 P

In;SbTe, as a Programmable Nanophotonics Material Platform for the In-
frared — ¢ ANDREAS HESSLERI, SOPHIA WAHLI, TiLL LEUTERITZZ, MATTHIAS
WuTTIG!, STEFAN LINDEN?, and THOMAS TaUBNER' — lInstitute of Physics
(IA), RWTH Aachen University — “Physikalisches Institut, University of Bonn
The high dielectric optical contrast between the amorphous and crystalline
phases of non-volatile phase-change materials (PCMs) provides a promising
route towards tuneable nanophotonic devices [1]. Here [2], we employ the next-
generation PCM In;SbTe, (IST) whose optical properties change from dielec-
tric to metallic upon crystallization in the whole infrared spectral range. We
demonstrate how resonant metallic nanostructures can be directly written, mod-
ified and erased on and below the meta-atom level in an IST thin film by a
pulsed switching laser. With this technology, we demonstrate large resonance
shifts of nanoantennas of more than 4 ym, a tuneable mid-infrared absorber with
nearly 90% absorptance as well as screening and nanoscale "soldering” of metal-
lic nanoantennas. Our novel concepts can empower new and improved designs
of programmable nanophotonic devices for telecommunications, (bio)sensing
and infrared optics, e.g. programmable infrared detectors, emitters and recon-
figurable holograms.

[1] M. Wattig, H. Bhaskaran and T. Taubner. Nature Photonics 11, 465-476
(2017)

[2] A. Hef3ler, S. Wahl, T. Leuteritz et al.. in submission at Nature Communi-
cations (2020)

0403 Tuel0:30 P

Reconfiguring magnetic resonances with the plasmonic phase-change mate-
rial In;SbTe, — ANDREAS HESSLER, sLUKAS CONRADS, KONSTANTIN WIRTH,
MatTHIAS WUTTIG, and THOMAS TAUBNER — Institute of Physics (IA), RWTH
Aachen University
Phase-change materials (PCMs) have been established as promising materials
for tunable nanophotonic devices [1]. Normally, they feature a large optical
contrast between their dielectric amorphous and crystalline phases. However,
the recently introduced plasmonic PCM In;SbTe, (IST) changes from dielectric
to metallic in the infrared upon crystallization which enables novel resonance
tuning mechanisms and direct laser writing of plasmonic nanostructures [2].
Here, directly optically written metallic, crystalline IST antennas with electric
dipole (ED) resonances are first reconfigured into split-ring resonators (SRRs)
with ED and magnetic dipole (MD) resonances by local optical switching. By se-
lectively decreasing the arm lengths of the SRRs with reamorphizing laser pulses,
we demonstrate tuning of the MD resonances by more than 2.4 ym, while the
ED resonances for the same polarization are unchanged. Our work may pave
the way towards engineering ultrathin, tunable, plasmonic devices for infrared
nanophotonics which rely on separate tuning and superposition of ED and MD
resonances.

[1] M. Wattig, H. Bhaskaran and T. Taubner. Nature Photonics 11, 465-476
(2017)

[2] A. Hef3ler, S. Wahl, T. Leuteritz et al.. in submission at Nature Communi-
cations (2020)
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0404 Tuel0:30 P
Infrared-to-THz near-field nanoscopy with the free-electron laser FELBE —
oLUKAS WEHMEIERI’S, ToBIAS NéRENBERGl’3, THALES V.A.G. DE OLIVEIRAI’Z,
J. MICHAEL KLOPFZ, Lukas M. Eng™? , and SUSANNE C. Kenr' — !Technische
Universitit Dresden, Germany — “Helmholtz-Zentrum Dresden-Rossendorf,
Germany — >ct.qmat, Dresden-Wiirzburg Cluster of Excellence - EXC 2147,
Technische Universitit Dresden, Germany
Infrared nanoscopy of 2D materials, metamaterials, and optical nano-structures
is often limited by the wavelength range provided by table-top laser sources.
Radiation from the tunable narrow-band free-electron laser FELBE (Dresden,
Germany) uniquely enables near-field nanoscopy over the broad spectral range
from 5 to 250 um (i.e. 1.2 - 60 THz), particularly covering also the so-called
THz gap [1-7]. I will present intriguing applications of FELBE in IR-optical
nanoscopy by demonstrating extreme field confinement, anisotropic dispersion
tracking, and resonant phenomena of THz polaritons in van der Waals crys-
tals [1], nano-structures [2,3] and functional perovskite oxides [4-8].
[1] T.V.A.G. de Oliveira et al., Advanced Materials 33, 2005777 (2021).
[2] D. Lang et al., Nanotechnology 30, 084003 (2018).
[3] EH. Feres et al., submitted.
[4] J. Doring et al., Nanoscale 10, 18074 (2018).
[5] L. Wehmeier et al., Phys. Rev. B 100, 035444 (2019).
[6] L. Wehmeier et al., Appl. Phys. Lett. 116, 071103 (2020).
[7] S.C. Kehr et al., Nat. Commun. 2, 249 (2011).
[8] H. Aminpour et al., Opt. Express 28, 32316 (2020).

040.5 Tuel0:30 P
SNOM-examination of THz polaritons in the van der Waals crystal a-
MoO; — eMAXIMILIAN OBSTI, THALES V. A. G. DE OLIVEIRAI’Z, ToBiAs
NORENBERG"®, Susanne C. Kenr!, and Lukas M. EnG'”® — 'Institute of
Applied Physics, Technische Universitit Dresden, Germany — “Helmholtz-
Zentrum Dresden-Rossendorf — >ct.qmat: Dresden-Wiirzburg Cluster of Ex-
cellence - EXC 2147, Technische Universitat Dresden, Germany
The confinement of electromagnetic fields to the nanometer length scale is of
great importance for advancing nanophotonic technologies, since allowing for
enhanced light-matter interaction. For terahertz (THz) radiation, extreme field
confinement can be achieved via the excitation of low-loss phonon-polaritons
e.g. in van der Waals (vdW) crystals.

Nevertheless, experimentally proving such highly-confined phonon-
polaritons at THz frequencies is very challenging. In the present work, we
combine scattering-type scanning near-field optical microscopy (s-SNOM) with
an IR-2-THz free-electron laser, in order to enable nanometer-scale optical
resolution at narrow-band and tunable THz excitation. This poster presents
measurements of low-loss polaritonic excitations at frequencies between 8 to 12
THz in the vdW semiconductor a-MoO5[1].

[1] T.V.A.G. de Oliveira et al., Advanced Materials 2005777 (2020)

040.6 Tuel0:30 P
Near-field optical investigations of the switching behavior of Ta,O5-based
ReRAMs — «CHRISTOPH M. BAUERSCHMIDTI, KoNsSTANTIN G. WIRTHI,
THOMAS HEISIGZ, SopPHIA WAHLI, ANDREAS HESSLERI, REGINA DITTMANNZ,
and THOMAS TAUBNER' — !Institute of Physics (IA), RWTH Aachen — 2Peter
Griinberg Institute, Research Center Jiilich
Tantalum oxide (Ta,Os) shows promising properties for applications as non-
volatile Resistive Random Access Memories (ReRAMs). Local resistive switch-
ing through a valence change mechanism|[1] leads to the formation of reduced
Ta, O, -filaments of ~10-100nm in size, accompanied by a difference in conduc-
tivity to pristine Ta,O5 by seven orders of magnitude[2]. The different stoi-
chiometry and the increase in charge carrier density of Ta,O, cause changes
of the dielectric function. Our calculations suggest that this change in the di-
electric function of the switched Ta,O, will lead to a strong near-field contrast
in the infrared region. Therefore, scattering-type Scanning Near-field Optical
Microscopy (s-SNOM) is performed during this work to investigate these local
optical properties with nm-sized spatial resolution. s-SNOM allows us to charac-
terise single switched Ta, O, -filaments in Ta,O5-films. Furthermore, s-SNOM
yields promising opportunities for in-situ investigations of switched filaments
through transparent graphene electrodes.
[1] Waser et al., Adv. Mat., 21, 2632-2663 (2009)
[2] Dittmann et al., Adv. Func. Mat., 25, 7154-7162 (2015)
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041.1 Tuel0:30 P PALUTKE?, DMYTRO KUTNYAKHOV?, FEDERICO PRESsacco?, LENART Dupy?,
Microscopic theory for the real-time magnetization dynamics in bilayer- MATTHIEU SiLLY®, HENDRIK BENTMANN’, KiANA BAUMGARTNER’, WOOJAE
surfaces driven by ultrafast laser pulses — HANAN HamaMERA'!, Fir- CHor’, YoNG SEUNG KwoN®, MARKUS ScHOLZ®, FRIEDRICH REINERT?, and Kar

IPE SOUZA MENDES GUIMARAESZ, MANUEL DOS SANTOS DIAsl, and SAMIR
Lounis"® — Peter Griinberg Institut and Institute for Advanced Simulation,
Forschungszentrum Jiilich & JARA, 52425 Jilich, Germany — 2]1"1lich Super-
computing Centre, Forschungszentrum Jiilich & JARA, 52425 Jiilich, Germany
— 3Faculty of Physics, University of Duisburg-Essen, 47053 Duisburg, Germany
We study the ultrafast magnetic reversal of spin moments by a single laser
pulse [1] from a microscopic point of view. This is done by employing a realistic
tight-binding Hamiltonian parameterized from density functional theory calcu-
lations to describe the real-time evolution of the electronic states. We map the
parameter space characterizing the magnetic reversal of bulk Ni by the applied
laser pulse, explaining the underlying physics and dissecting various intertwined
spin-dynamics regimes. The knowledge gained on Ni is then utilized to explore
the case of bilayer surfaces such as Co/Pt(001), where the non-magnetic heavy-
metal substrate provides additional channels for angular momentum dissipation
via spin and orbital pumping mechanisms, as well as stronger spin-orbital con-
version.

Work funded by the Palestinian-German Science Bridge (BMBF-01DH16027)
and Horizon 2020-ERC (CoG 681405-DYNASORE).

[1] J. Gorchon et al., Appl. Phys. Lett. 111, 042401 (2017)

0412 Tuel0:30 P
Exchange-striction driven ultrafast nonthermal lattice dynamics in NiO —
«Yoav WILLIAM WINDSOR' , DANIELA ZAHNI, RoBIN KAMRLA? , JOHANNES
FELDL’, HELENE SEILER', CHENG-TIEN CHIANG®, MANFRED RAMMSTEINER®,
WOoLF WIDDRAZ, RALPH ERNSTORFERI, and LAURENZ RETTIG! — !Fritz Haber
Institute def MPG, Berlin — 2Martin-Luther-Universitit Halle-Wittenberg —
3Paul-Drude-Institut fiir Festkorperelektronik, Berlin
We use femtosecond electron diffraction to study ultrafast lattice dynamics in the
highly correlated antiferromagnetic (AF) semiconductor NiO. Using the scat-
tering vector (Q) dependence of Bragg diffraction, we introduce a Q-resolved
ensemble of temperatures describing the lattice, and identify a nonthermal lat-
tice state with preferential displacement of O compared to Ni ions, which occurs
within ~0.3 ps and persists for 25 ps. We associate this with transient changes
to the AF exchange striction-induced lattice distortion, supported by the obser-
vation of a transient Q-asymmetry of Friedel pairs. Our observation highlights
the role of spin-lattice coupling in routes towards ultrafast control of spin order.

0413 Tuel0:30 P
Heavy fermion dynamics in semimetallic and insulating phases — «CHUL-
HEE MINI, MICHAEL HEBERZ, SIMON MiJLLER3, Lukas WENTHAUSZ, STEFFEN

RossNaGEL"? — 'TEAP, CAU Kiel, Germany — DESY, Hamburg, Germany —
*EP7 and ct.qmat, University of Wiirzburg, Germany — *Synchrotron-SOLEIL,
Saint-Aubin, France — *Dep. of EMS, DGIST, South Korea — SEuXFEL, Sch-
enefeld, Germany

Due to time-energy correlation, heavy fermion systems with hard-to-detect
meV energy scales are expected to show relatively slow dynamics on ps time
scales, which are relatively easy to measure. Using the free-electron laser
FLASH, we have performed time-resolved pump-probe photoemission spec-
troscopy (PES) of mixed valent TmSe;_,Te, at a probe photon energy where
the photoionization cross-section of the localized 4 f states is two orders of mag-
nitude hi§her than the ones of the other states. The system consists of two mag-
netic 4f'% and 4f'* configurations in the ground state and can be tuned from
a semimetallic to an insulating phase via x without destroying the periodicity
of the Tm ions. Here, we present and discuss the transient dynamics of the 4 f
states near Ep showing a remarkably strong dependence on x. Particularly, we
identify a renormalized 4 f peak whose time-domain signature is distinct from
all other 4 f multiplet peaks.

0414 Tuel0:30 P
Direct Access to Auger Recombination in Graphene — «MARIUS KEUNECKEI,

DaviDp SCHMITTI, MARCEL REUTZELI, MARIUS WEBERZ, CHRISTINA MéLLERl,

G. S. MATTHIJS ]ANSENI, TRIDEV A. MISHRA3, ALEXANDER OSTERKORNS,
‘WIEBKE BENNECKEI, Kraus PIERZ4, HANS WERNER SCHUMACHER4, Davoobp
MOMENI PAKDEHT", DANIEL STEIL', SALVATORE R. MANMANA', SABINE STEIL?,
STEFAN KEHREINZ, HaNs CHRISTIAN SCHNEIDER " ,and STEFAN Matnias! — 1.
Physikalisches Institut, Georg-August-Universitit Gottingen, Gottingen, Ger-
many — 2TU Kaiserslautern, Kaiserslautern, Germany — 3Institut fiir Theo-
retische Physik, Georg-August-Universitit Gottingen, Géttingen, Germany —
*Physikalisch-Technische Bundesanstalt, Braunschweig, Germany

The Auger scattering channels are of fundamental importance in the non-
thermal charge-carrier dynamics of graphene and govern processes of techno-
logical relevance like carrier-multiplication and population inversion. These
band-crossing scattering events can be separated into impact excitation (IE)
and Auger recombination (AR) events which increase (IE) or decrease (AR) the
charge-carriers in the conduction band. In this contribution, we apply time-
resolved momentum-microscopy to study the non-thermal charge carrier dy-
namics in n-doped graphene with energy and full in-plane momentum resolu-
tion. We report on direct experimental evidence and quantification of AR in
graphene and support our conclusions by model calculations.

0 42: Poster Session lll: Poster to Mini-Symposium: Machine learning applications in surface
science |

Time: Tuesday 10:30-12:30

0421 Tuel0:30 P
Learning electron densities in condensed phase space — sALAN LEw1s!, AN-
DREA GRISAFIZ, MICHELE CERRIOTIZ, and MARIANA Rosst' — 'MPI for Struc-
ture and Dynamics of Materials, Hamburg, Germany — *Ecole Polytéchnique
Fédérale de Lausanne, Lausanne, Switzerland
The electron density is a fundamental quantity for modelling and understanding
physical phenomena in materials. Not only is it central to theories like density-
functional theory, but it also allows the calculation of a wide range of observables
that are either directly or indirectly connected to it, like total energies, dipole
moments, the electrostatic potential, work functions, and others. In this work,
we present a model that is able to learn and predict the electronic density of di-
verse materials, ranging from liquids to solid semiconductors and metals. This
is achieved by extending the framework presented by Grisafi et al [1] to work
with periodic boundary conditions and when using a resolution of the identity
on a numeric atom-centered orbital basis [2] to obtain coefficients for the expan-
sion of the periodic density. This density is learned through a Gaussian process
regression model that makes use of local symmetry-adapted representations of
the atomic structure, which makes our method both data-efficient and highly
transferable. We discuss the applicability of this model for large-scale periodic
systems and its transferability across the periodic table.

[1] Grisafi et al, ACS Cent. Sci. 5, 57-64, 2019
[2] Blum et al, Comput. Phys. Commun. 180, 2175-2196, 2009
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0422 Tuel0:30 P
A fourth-generation high-dimensional neural network potential — TSz
WAI KO', JONAS A. FINKLER’, STEFAN GOEDECKER’, and JORG BEHLER'
— !Theoretische Chemie, Institut fiir Physikalische Chemie, Georg-August-
Universitdt Gottingen, Tammannstr. 6, 37077 Goéttingen, Germany —
2Department of Physics, Universitit Basel, Klingelbergstrasse 82, 4056 Basel,
Switzerland
Machine learning potentials (MLPs) have become an important tool for per-
forming reliable atomistic simulations in surface science due to their nearly ab-
initio accuracy and efficiency comparable to empirical force field. The major-
ity of MLPs relies on the representation of energies and sometimes charges as
a function of the local atomic environments. They are thus unable to describe
non-local changes in the electronic structure due to long-range charge transfer
or different global charges of a system.

Here we proposed a fourth-generation high-dimensional neural network po-
tential (4G-HDNNP) for capturing the global charge distributions and corre-
sponding non-local effects. We demonstrate the performance of 4G-HDNNPs
for different benchmark systems showing that 4G-HDNNPs are in excellent
agreement with electronic structure calculations.
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0423 Tuel0:30 P
Neural Network Analysis of Neutron and X-Ray Reflectivity Data: Pathologi-
cal Cases, Performance and Perspectives — ¢ ALESSANDRO Greco! , VLADIMIR
STAROSTINI, ALEXANDER HINDERHOFERI, ALEXANDER GERLACHI, MAXIMIL-
1aN Skopa?, STEFAN KowaRIk®, and FRANK SCHREIBER' — 'Institute of Ap-
plied Physics, University of Tiibingen, Germany — *Rutherford Appleton Lab,
ISIS Neutron and Muon Source, UK — *Department of Physical Chemistry, Uni-
versity of Graz, Austria
Neutron and X-ray reflectometry (NR and XRR) are powerful techniques to in-
vestigate the structural, morphological and even magnetic properties of solid
and liquid thin films. Having demonstrated the general applicability of neural
networks to analyze XRR and NR data before [1], this work discusses challenges
arising from certain pathological cases as well as performance issues and per-
spectives. These cases include a low signal to noise ratio, a high background
signal (e.g. from incoherent scattering), as well as a potential lack of a total reflec-
tion edge (TRE). We show that noise and background intensity pose no signifi-
cant problem as long as they do not affect the TRE. However, for curves without
strong features the prediction accuracy is diminished. Furthermore, we discuss
the effect of different scattering length density combinations on the prediction
accuracy. The results are demonstrated using simulated data of a single-layer
system.

[1] Greco et al., J. Appl. Cryst., 52, 1342 (2019)

0424 Tuel0:30 P
Analysis of grazing-incidence wide-angle X-ray scattering by neural networks
— oVLADIMIR STAROSTIN, ALESSANDRO GRECO, ALINA PLELI, ALEXANDER
HINDERHOFER, ALEXANDER GERLACH, and FRANK SCHREIBER — Institute of
Applied Physics, University of Tiibingen, Germany
Grazing-incidence wide-angle x-ray scattering (GIWAXS) is an indispensable
tool for studying nanostructure surfaces and thin films. It is widely used in real-
time studies of thin film growth. However, high acquisition rates of real-time
experiments lead to enormous amounts of data to be analysed. For instance, a
modern 2D X-ray detector has around 4.5 million of pixels and produces up to 6
Gb of data per second at the maximum frame rate of 750 Hz. In the future, these
numbers will only increase and it may become unfeasible to analyze or even save
unprocessed data. To address these problems, some automated tools need to be
developed [1].

In this work, we present a machine learning approach that provides feature
detection of GIWAXS images in an automated fashion. This simplifies the ex-
perimental data analysis and might enable on-the-fly preprocessing of GIWAXS
data.

[1] Greco et al., J. Appl. Cryst., 52, 1342 (2019)

0425 Tuel0:30 P
Symmetry-Equivariant Representations of Ab Initio Hamiltonians for Ma-
chine Learning Purposes — «MICHAEL Luva' and REINHARD MAURER? —
! Department of Mathematics, University of Warwick — 2Department of Chem-
istry, University of Warwick
High-dimensional machine learning is consistently improving the quality of con-
densed matter simulations. These simulations provide us with the Hamiltonian
matrix, useful for calculating a wide variety of material properties. Predicting
these matrices requires a deep understanding of covariance properties and di-
rectional coordinate dependence.

In an attempt to capture rotation invariance we introduce methods involving
crystal field theory and bijective minimal basis transformations, in order to ex-
tract symmetry invariant parameters that can describe high-order contributions
to the Hamiltonian, with application towards modelling a variety of molecules,
metallic clusters, and eventually metal-organic interfaces. We also investigate
the physical significance of these parameters and present a scheme as to how
they should be best extracted from data, for the purposes of providing signifi-
cant training data for neural network models.

042.6 Tuel0:30 P
Active Discovery of Organic Semiconductors — <CHRISTIAN KunkeL'?,
JoHANNES T. MARGRAFl, Ke CHENI, HARALD OBERHOFERI, and KARSTEN
Reuter"> — !Chair for Theoretical Chemistry and Catalysis Research Center
— 2Fritz-Haber Institut der Max-Planck-Gesellschaft
Improving charge-transport of organic semiconductors (OSCs) for electronic
applications is usually tackled by empirical structural tuning of promising com-
pounds. Howver, the versatility of organic molecules generates a rich design
space whose vastness dictates efficient search strategies. We thus here present
an active machine learning (AML) approach that explores this virtually unlim-
ited design space iteratively. Judging suitability of OSC candidates by charge
injection and mobility-related descriptors, the AML approach iteratively queries
first-principle evaluation on well-selected molecules. We first optimize the ap-
proach in a fully characterized, but truncated molecular test space, gaining deep
methodological insight about its exploratory behavior. Outperforming a con-
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ventional computational funnel, the devised algorithm can thereby successfully
leverage its gradually improving knowledge and focus on promising regions
of the design space. When subsequently lifting the artificial truncation, high-
performance candidates are constantly found while the algorithm meanders ever
more deeply through the endless OSC design space. The demonstrated high ef-
ficiency in the detection of candidate compounds with superior charge conduc-
tion properties highlights the usefulness of autonomously operating systems for
a targeted OSC design.

0427 Tuel0:30 P
Ab initio structure search of flexible molecules at interfaces — DMITRII
Maxsimov'? and MaRIANA Rosst 2 — ! Fritz Haber Institute of the Max Planck
Society, Berlin, Germany — *Max Planck Institute for the Structure and Dynam-
ics of Matter, Hamburg, Germany
We investigate how the accessible conformational space of two flexible amino
acids, Arg and Arg-H", changes upon adsorption, by building and analyzing a
database of thousands of structures optimized at Cu(111), Ag(111) and Au(111)
surfaces with the PBE functional including screened pairwise (vdW) interac-
tions. We employ an unsupervised dimensionality reduction procedure that en-
ables us to understand the alteration of the high-dimensional conformational
space [1]. The creation of this database, which is paramount to train further di-
verse machine-learning models, suffers from well-known bottleneck related to
the efficiency of the geometry optimizer. We introduce a flexible way of precon-
ditioning approximate Hessian matrices in the BFGS algorithm that is tailored to
accelerate the relaxation of vdW bonded structures that can handle large struc-
tural changes. An automated sampling of these systems is implemented within
a random structure search package [2] that can take explicitly into account the
flexibility of molecules, their position and orientation with respect to fixed sur-
roundings and interfaces.

[1] Maksimov et. al., Int. . Quantum Chem., €26369 (2020)
[2] https://github.com/sabia-group/gensec

0428 Tuel0:30 P
IrO, surface complexions identified through machine-learned inter-
atomic potentials — ¢JAKOB TiMMERMANN"?, YoNGHYUK LEE"?, CARSTEN
STAACKEI’Z, CHRISTOPH SCHEURERI’Z, and KarRsTEN REUTERD? — !Fritz-
Haber-Institut der MPG — *Technische Universitit Miinchen
IrO, is currently the preferred catalyst for the electrochemical oxygen evolu-
tion reaction in proton exchange membrane electrolyzers. Full ab initio molec-
ular dynamics (MD) simulations of the reactive processes at the surface would
be highly desirable for mechanistic catalyst improvement, but are computation-
ally not tractable for a foreseeable time. To overcome the limitations regarding
system size and propagation time, MDs based on machine-learned interatomic
potentials are an appealing alternative. Here, we present a Gaussian Approxima-
tion Potential (GAP) approach for IrO, combining two-body and smooth over-
lap of atomic positions (SOAP) descriptors to capture the atomic environments.
For maximum data efficiency, we pursue an iterative parametrization protocol,
in which preliminary GAP potentials based on limited first-principles data are
used to generate most meaningful additional structures for retraining. The final
GAP potential enables a global geometry optimization of low-index rutile IrO,
facets through simulated annealing. Consecutive ab initio thermodynamics and
detailed surface science investigations fully confirm the identified novel (101)
and (111) (1x1) terminations as competitive with the most studied (110) facet
in reducing environments [1]. [1] J. Timmermann et al., Phys. Rev. Lett. 125,
206101 (2020).

0429 Tuel0:30 P
The data-driven search of new catalysts for an OCM reaction based on
the properties of surface carbonates — eALIAKSEI MAZHEIKA', FRANK
Rosowski"?, and RarpH KRAEHNERT' — !BasCat, Technische Universitaet
Berlin, Berlin, DE — 2BASF SE, Ludwigshafen, DE
The interest in oxidative coupling of methane (OCM) reaction is caused by the
fact that this is a relatively simple way for conversion of methane to C2 products
(ethane, ethylene). Despite quite many years spent for the search of an efficient
catalyst, still a catalyst which would be commercially viable has not been found.
Recently Wang et al. have experimentally observed the volcano-like dependence
of OCM performance of oxide catalysts on decomposition of their carbonates
[1]. In this study we develop a way for calculations of carbonates formation
energies based on adsorption of CO, on the surfaces of corresponding oxides.
This allows us to reformulate experimentally observed volcano-like dependence
in terms of theoretically calculated quantities. Based on this, we develop the
strategy for high-throughput screening using artificial intelligence methodology
- subgroup discovery [2] and SISSO [3]. With that we have done the screening
of more than 800k materials, and obtained new materials promising for OCM
reaction.
[1] H. Wang, PhD thesis, TU Berlin (2018).
[2] M. Boley et al., Data Min. Knowl. Disc. 31, 1391 (2017).
[3] R. Ouyang et al., Phys. Rev. M 2, 083802 (2018).



Surface Science Division (O)

Tuesday

0 43: Mini-Symposium: Electrified solid-liquid interfaces Il

Time: Tuesday 13:30-15:30

Invited Talk 043.1 Tuel3:30 RI1
Electrocatalysis beyond surface reaction energetics — ¢KAREN CHAN —
Fysikvej, Building 311, Room 4, Kongens Lyngby Denmark 2200

Beyond surface reaction energetics, the structure and composition of the electric
double layer exerts an influence on the activity and selectivity of electrochemical
reactions. In this talk, I first discuss the impact of pH and the electrolyte on elec-
trocatalytic activity from the perspective of adsorbate-field interactions. I then
discuss the impact of mass transport on activity and selectivity. I draw examples
from hydrogen evolution and CO, electroreduction reduction.

Invited Talk 0432 Tuel4:05 RI1
Design and application of an ab initio electrochemical cell — SUDARSAN
SURENDRALAL, FLORIAN DEISSENBECK, STEFAN WIPPERMANN, CHRISTOPH
FREYSOLDT, MIRA TODOROVA, and ¢JORG NEUGEBAUER — Max-Planck-Institut
fiir Eisenforschung, Diisseldorf, Germany

Having accurate simulation techniques to explore and predict the structure and
chemical reactions at the electrified electrode-water interface will be crucial to
overcome major materials limitations related to energy-conversion, storage and
sustainability. The last few years showed some exciting new developments that
allow us a realistic description of electric fields at the interface and to (thermo)-
potentiostat the electrode potential [1, 2]. These approaches are easy to imple-
ment in standard and well-established first principles codes and allow us thus to
address and resolve pressing materials science questions in electrochemistry or
corrosion sciences. The talk will give a brief overview over the key concepts of
these new methodologies and show their application for two examples: The role
of the hydrogen evolution reaction (HER) in the corrosion of Mg [1] and the role
of water co-adsorption on the electrode potential and HER on Pt surfaces [3].

Location: R1

[1] S. Surendralal, M. Todorova, M. Finnis, J. Neugebauer, PRL 120, 246801
(2018).

[2] F. Deiflenbeck, C. Freysoldt, M. Todorova, J. Neugebauer, S. Wippermann,
PRL (under review), arXiv:2003.08156 .

[3] S. Surendralal, M. Todorova, J. Neugebauer, PRL (under review).

0433 Tuel4:40 RI1

Dielectric properties of nano-confined water: a canonical thermopoten-
tiostat approach — ¢FLORIAN DEISSENBECK, CHRISTOPH FREYSOLDT, MIRA
TODOROVA, JORG NEUGEBAUER, and STEFAN WIPPERMANN — Max-Planck-
Institut fiir Eisenforschung GmbH, Max-Planck-Str. 1, 40237 Diisseldorf
With the advent of robust techniques to apply electric fields in density-functional
calculations, there has been continuous interest to use ab initio molecular dy-
namics (MD) simulations to study electrically triggered processes, such as elec-
trochemical reactions. Here we introduce a novel approach to sample the canon-
ical ensemble at constant temperature and applied electric potential [1]. Our
thermopotentiostat approach can be straightforwardly implemented into any
density-functional code. To demonstrate the power of our new approach, we
compute the dielectric constant of nano-confined water without any assump-
tions for the dielectric volume. We show that the extremely low dielectric con-
stant of nano-confined water is related to the existence of a dielectrically dead
layer within interfacial water.

[1] E. Deiflenbeck, C. Freysoldt, M. Todorova, J. Neugebauer, S. Wippermann,
Phys. Rev. Lett. (submitted), arXiv:2003.08156

General discussion

0 44: Mini-Symposium: Manipulation and control of spins on functional surfaces Il

Time: Tuesday 13:30-15:30

Invited Talk 0441 Tuel3:30 R2
Atomic-scale spin sensing with a single molecule at the apex of a STM
— «LAURENT LiMoT — Université de Strasbourg, CNRS, IPCMS, Strasbourg,
France
The decoration of metal probe-tips by a molecule intentionally picked up from
a surface has proven to be a powerful method to improve the measurement ca-
pabilities of a scanning tunneling microscope (STM). The degrees of freedom of
the molecule introduce tip-surface interactions across the vacuum gap that are
usually absent when using a metallic apex. These interactions can endow STM
with an enhanced sub-molecular resolution and provide new chemical insight.
The success of this approach opens the prospect of introducing spin sensitiv-
ity through the tip functionalization by a magnetic molecule. We show here that
it is possible to use metallocene-terminated tips to monitor surface magnetism
through the inelastic component of the tunneling current, which provides an
electrical access to the metallocene spin states. When the tip is 100 picometers
away from point contact, the exchange interaction between the tip and a mag-
netic sample changes the metallocene spin states. This detection scheme can then
be used to simultaneously probe the sample exchange field and spin polarization
with atomic-scale resolution.

044.2 Tuel14:00 R2
Free coherent evolution of a coupled atomic spin system initialized by elec-
tron scattering — LukAs M. VELDMANI, sLAETITIA FARINACCII, RAsA REIALII,
Rik BROEKHOVENI, JEREMIE GOBEILI, Davip COFFEYI, MARKUS TERNE82’3,
and ALEXANDER E. OtTE! — 'Delft Universit;r of Technology, The Netherlands
— 2RWTH Aachen University, Germany — ~Peter-Griinberg-Institute, Jiilich,
Germany
Observing the free evolution of a coupled spin system is an essential step towards
studying collective quantum spin dynamics, as well as gaining insight into the
fundamental mechanisms leading to spin excitation. Here, we combine pump-
probe and ESR techniques with STM to study the free evolution of a single atomic
spin depending on its level of entanglement with a second one. We build TiH
dimers on MgO/Ag(100) in which the two spins are inherently detuned. We
then make use of the magnetic interaction with the STM tip to tune the level
of entanglement between the two spins: using ESR, we characterize the energy
diagram of the dimer and identify the tip height at which both spin precess at
the same frequency. Subsequently, we use a pump-probe scheme to, first, initial-
ize the system via an electron induced spin excitation and, second, study the free
evolution of the spin under the tip. We show that only when the two spins entan-
gle, the excitation is swapped back and forth at a frequency that is given by their
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coupling strength. These results provide insight into the locality of electron-spin
scattering: only the spin directly underneath the tip is affected, irrespective of its
global quantum state.

Invited Talk 0443 Tuel4:15 R2
Quantum sensing and operation of single molecules on the surface — «XUE
ZHANG — Center for Quantum Nanoscience, Institute for Basic Science (IBS),
Seoul 03760, Republic of Korea — Ewha Womans University, Seoul 03760, Re-
public of Korea

Scaling down information devices to atom-scale has brought the interest of using
individual spins as basic unit for data storage. Scanning tunneling microscopy
(STM) combined with fast electric pulse and electron spin resonance (ESR) tech-
nique has been proved a powerful tool to access and coherently control individ-
ual spins in atomic scale.

Here, we investigated the spin properties and dynamics of artificially built
Fe-tetracyanoethylene (TCNE) complexes by using electronic spin pump-probe
spectroscopy. Further, we spatially imaged the location of the spin center within
the complex [J. Phys. Chem. Lett., 2020, 11, 14, 5618]. This work high-
lights that the combination of STM with electronic spin relaxometry can provide
highly valuable clues for investigating magnetic metal-organic nanostructures.
While current ESR-STM studies have focused on atom spins, we achieved driv-
ing ESR on single molecules (metal phthalocyanine) on a bilayer magnesium
oxide (MgO) surface atop Ag(100) [under review]. We probed and differenti-
ated the exchange and dipole interaction between molecular dimers. This work
demonstrates the feasibility of employing single molecules in atom-scale quan-
tum control studies and shed light on intriguing magnetic interactions between
molecular spins, which is crucial for developing molecule-based spintronic de-
vices.

Invited Talk 0444 Tuel445 R2
Longitudinal and transverse electron paramagnetic resonance in a scan-
ning tunneling microscope — +ToMm S. SErFERT"?, STEPAN KOVARIK, DoO-
MINIK IURASCHEK3 , NicorLA A. SPALDINZ, PIETRO GAMBARDELLAZ, and SEBAS-
TIAN STEPANOW? — !Freie Universitit Berlin — 2Eidgenéssische Technische
Hochschule Ziirich — *Harvard University

Combining the sub-atomic resolution of scanning tunneling microscopy (STM)
with the spectral resolution of electron-paramagnetic resonance (EPR) allows
for sensitively probing magnetic interactions of single atoms on a surface [1].
However, the experimental requirements for driving the EPR transitions are still
under debate. In-depth understanding of the EPR-STM driving is mandatory
to explore novel material systems and optimize the sensitivity of this technique.
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Here, we acquire and model EPR spectra of single Fe and hydrogenated Ti atoms
on bilayer MgO on Ag [2]. We investigate the impact of radiofrequency ex-
citation strength and tunneling parameters on the EPR signal and find strong
evidence for a piezoelectric coupling mechanism [3]. In this mechanism, the
surface atom oscillates at radiofrequencies in the inhomogeneous tip magnetic
field. Based on density functional theory and atomic-multiplet calculations, we
reveal different driving mechanisms for single Fe and hydrogenated Ti atoms on

the surface. Specifically, transverse magnetic field gradients drive the spin-1/2
hydrogenated Ti, whereas longitudinal magnetic field gradients drive the spin-2
Fe. [1] S. Baumann et al., Science 350 (2015); [2] T. S. Seifert et al., PRR 2 (2020);
[3] T. S. Seifert et al., Sci. Adv. 6 (2020)

“Meet our speakers”. Open discussion with all speakers of the session

0 45: Mini-Symposium: Molecular scale investigations of liquid-vapor interfaces |

Time: Tuesday 13:30-15:30

Invited Talk 045.1 Tuel13:30 R3
A Superficial Look At Water — «OLLE BJORNEHOLM — Department of Physics
and Astronomy, Uppsala University, Uppsala, Sweden

Water is of key importance for life itself and in numerous environmental and
technical processes. Despite its importance and its simple molecular structure,
the behavior of liquid water remains enigmatic. Molecules at interfaces have
different environments compared to those in bulk water, resulting in various
interface-specific phenomena. These are highly challenging to investigate, and
our understanding of the water interfaces is therefore in many respects even
more incomplete than for bulk water. In addition to their fundamental impor-
tance, water interfaces are also crucial in e.g. environmental sciences, biology
and technology. In this talk, I will present some results on aqueous solutions
obtained by x-ray photoelectron spectroscopy. I will exemplify how the aque-
ous surface differs from the bulk, including both fundamental properties, and
examples relevant to atmospheric sciences.

0452 Tuel4:00 R3
A Flow-Focused Droplet Train for Investigating Liquid Phase Processes with
Ambient Pressure XPS — ¢P1p CLARK, MICHAEL SEAR, MARCO FAVARO, ROEL
VAN DE KRroL, and DAVID STARR — Institute for Solar Fuels Helmholtz-Zentrum
Berlin fiir Materialien und Energie GmbH, D-14109 Berlin, Germany
Here we present a newly commissioned droplet train designed for measuring the
chemical and physical properties of liquids in pressures up to 30 mbar using am-
bient pressure XPS. Our droplet train generates thousands of uniform droplets
a second, tunable in diameter between 100 to 500 microns.

We present results from commissioning experiments on aqueous solutions
and colloidal systems, and describe the advantages of using flow focusing. We
also discuss the capability of time-resolved XPS using the droplet train. By
changing the height of the droplet generation point above the spectroscopic anal-
ysis position and introducing a suitable time-zero trigger, different delay times
can be measured. Depending on the speed of the droplets chosen, we can access
delay times between tens of s and hundreds of ms. Examples of possible systems
to study include (but are not limited to) gas uptake at the liquid/vapor interface,
photoinduced physical and chemical reactions in solution, and nucleation and
growth of salt crystallites or nanoparticles.

The droplet train module is a part of the SpAnTeX end station, which focuses
on AP-XPS experiments in the tender X-ray regime (AP-HAXPES). Commis-
sioning experiments were performed at the KMC-1 beamline, at BESSY II in
Berlin.

0453 Tuel4:20 R3
Chemical kinetics at the water-water interface of a liquid flat-jet — «HANNS
CHRISTIAN SCHEWEI, BrunoO CREDIDIOZ, AARON GHRIST1’3, SEBASTIAN
MALERZI, CHRISTIAN OZGA4, HENRIK HAAKI, GERARD MEIJERI, BERND
WINTER!, and ANDREAS OSTERWALDER® !Fritz-Haber-Institut der Max-
Planck-Gesellschaft, Department of Molecular Physics, Faradayweg 4-6, D-
14195 Berlin, Germany — *Institute for Chemical Sciences and Engineer-
ing (ISIC), Ecole Polytechnique Fédérale de Lausanne (EPFL), 1015 Lausanne,
Switzerland — *Department of Chemistry, University of Southern California,
Los Angeles, CA 90089-0482, USA — “Institut fiir Physik und CINSaT, Univer-
sitdt Kassel, Heinrich-Plett-Strasse 40, 34132 Kassel, Germany

Location: R3

Two colliding cylindrical microjets from aqueous solutions are used to produce
a planar leaf-shaped flowing sheet. Using jets from two different aqueous solu-
tions, each containing a reactant for a fast chemiluminescence reaction, we image
the emitted photons to spatially visualize the mixing of the solutions at any posi-
tion of the leaf. Diffusion across the planar liquid-liquid interface leads to mixing
of chemical species from the two solutions, allowing for chemical reactions and
their detection. Such a micrometer-thin flowing two solution structure offers
novel opportunities for spectroscopic and kinetic studies at liquid-liquid inter-
faces. We present a quantitative model that describes diffusion-limited reaction
kinetics at the liquid-liquid interface, which can also be extended to account for
interactions at the liquid-vapour interface.

Invited Talk 0454 Tuel4:40 R3
Exploring Collisions and Reactions at the Vacuum-Water Interface using Wa-
ter Microjets — «GILBERT NATHANSON — Department of Chemistry, University
of Wisconsin, Madison, Wisconsin, USA

Gas-liquid scattering experiments provide molecular insights into collisions and
reactions at the vacuum-liquid interface while minimizing interference from col-
lisions in the vapor. Studies of liquid water in vacuum are especially challenging
because of water’s high vapor pressure. This tutorial will describe collisions of
inert, organic, and atmospheric gases with a water microjet, a fast-flowing liquid
stream no thicker than a strand of hair. The small surface area of the jet generates
a thin vapor cloud that can be readily traversed by incoming and outgoing gas
molecules with almost no gas-vapor collisions. Many other liquids can form mi-
crojets as well, including gasoline and jet fuel. I will illustrate the utility of these
microjets by surveying experiments measuring the entry and longtime uptake
of organic acids and bases into salty water and reactions of the atmospherically
important gas N2O5 in water containing both salts and surfactants. These ex-
periments help to unravel the mechanisms by which collisions lead to scattering,
trapping, solvation, and interfacial acid-base and oxidation-reduction reactions.

0455 Tuel5:10 R3
Imaging Gas-Liquid Scattering Processes in Real Space — ¢MAKSYMILIAN
RoMAN, ROBERT BIANCHINI, ADAM KNIGHT, DANIEL MOON, KENNETH McK-
ENDRICK, and MATTHEW COSTEN — Heriot-Watt University, Edinburgh, EH14
4AS, United Kingdom
A novel technique for studying the dynamics of gas-liquid scattering was used to
image the products of hydroxyl radical (OH) collisions with low-vapour-pressure
liquids. A pulsed molecular beam of OH was aimed at layers of squalane, squa-
lene and perfluoropolyether and probed by exciting laser-induced fluorescence
(LIF) with pulsed laser light shaped into a sheet. The LIF signal emitted from pre-
and post-collision packets of OH was intensified and captured by a camera. The
images showed that OH scattered with broad angular distributions, but with su-
perthermal speeds and rotational distributions, suggesting a predominantly im-
pulsive mode of scattering from an atomically rough surface. The experiment has
been recently modified to include a physically narrower ingoing packet of radi-
cals and a better shaped laser probe sheet. Together with a custom-made Monte
Carlo simulation of the scattering process, these are expected to provide even
greater insight into the angular and speed distributions of the scattered products
and hence the underlying scattering dynamics.

0 46: Poster Session IV: Semiconductor substrates Il

Time: Tuesday 13:30-15:30

0461 Tuel3:30 P
Atomistic Modeling for the Vapor-Phase Growth of GaAs Nanowires: from
DFT to Growth Kinetics — +IN WoN Yeu', GYuseunG Han"2, CHEOL SEONG
HWANGZ, and JUNG-HAE Cuor? — 'Electronic Materials Research Center, Korea
Institute of Science and Technology, Seoul, Korea — Department of Materials
Science and Engineering, Seoul National University, Seoul, Korea
Based on density functional theory (DFT), this study introduces an ab initio
approach tackling the vapor-phase growth kinetics of III-V nanowire (NW) de-
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pending on temperature (T) and pressure (P) conditions. By evaluating the vi-
brational entropy contribution to the surface energy through surface phonon
calculations, the T-P dependent variation in surface reconstructions was success-
fully predicted by the authors. Considering the surface transitions, the change
in Gibbs free energy is calculated as a function of T and P at each growth pro-
cess on surfaces: adsorption and nucleation. The comparison of the free energy
among different surfaces enables us to predict the relative rate of growth depend-
ing on crystallographic directions and stacking sequences. As a result, we iden-
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tify the mechanism of extreme anisotropic growth of GaAs (spontaneous NW
formation) along a certain polar direction, <111>B; the preferential adsorption
of vapor sources on (111)B surface, allowed at narrow T-P range, induces the
unidirectional growth. In addition, the asymmetric formation of stacking se-
quence during the growth along the two opposite directions of a polar direction,
<111>A and <111>B, is elucidated, showing a perfect agreement with experi-
mental observations.

046.2 Tuel3:30 P
3D Active Sites of Te in Hyperdoped Si by Hard X-ray Photoelectron
Kikuchi-Diffraction — eMoriTZ HOESCHI, Mao WANGZ, SHENGQIANG
ZHOUZ, CHRISTOPH SCHLﬁTERl, OLENA FEDCHENK03, KATERINA MED]ANIKS,
SERGE] BABENK0V3, AiMmo WINKELMANN4, HANs-JoACHIM ELMERSa, and GERD
SCHONHENSE® — 'DESY Photon Science, Notkestrale 85, Hamburg, Ger-
many — 2Helmholt-Zentrum Dresden-Rossendorf, — > JGU, Institut fiir Physik,
Mainz, Germany — *Academic Centre for Materials and Nanotechnology, AGH
University of Science and Technology, Krakow, Poland
n-type doping of Si by the deep chalcogen donor Te in excess of the solubil-
ity limit was recently demonstrated to lead to hyperdoped material [1]. These
samples are made by ion im*plantation into an intrinsic Si substrate combined
with pulsed laser melting. Our investigation by hard x-ray photoelectron spec-
troscopy (hXPS) reveals at least two different Te species with different binding
energy and systematically varying concentrations as a function of increasing Te-
content. At the highest doping concentration we study the photoelectron scat-
tering patterns using hard x-ray photoelectron diffraction (hXPD) [2]. Substitu-
tional site occupation of both Te monomers as well as dimers is identified with
increasing binding energy leading to the main features in the XPS spectra. The
sharp hXPD patterns allow the detailed analysis of the local surrounding of the
dopant atoms [3]. — References: [1] M. Wang et al. Phys. Rev. Appl. 11 054039
(2019) and references therein. [2] O. Fedchenko et al NJP 21, 113031 (2019); [3]
O. Fedchenko et al NJP 22, 103002 (2020).

0463 Tuel3:30 P
GalnP(100) and InP(100) with different surface reconstructions for pho-
toelectrochemical water splitting — +OLFA Dant', DaviD OSTHEIMER.,
MARIO KURNIAWANZ, AGNIESZKA PASZUKI, ANDREAS BUNDZ, and THOMAS
Hannapper! — 'Institute of Physics, Technische Universitaet Ilmenau, Ger-
many — “Institute of Materials Science and Engineering, Technische Univer-
sitaet [Imenau, Germany
To date, III-V semiconductor device structures enable the highest solar-to-
hydrogen efficiencies, exceeding 19%. In this approach, a detailed understanding
of the reactions at the semiconductor-electrolyte interface is essential to design
the semiconductor surface for efficient charge transfer. In this present work,
we study photoelectrochemical (PEC) performance of atomically well-ordered
surfaces of GaInP(100)and InP(100) grown by MOVPE. p-type InP have been
grown homoepitaxially on InP(100) substrates. GaInP buffer layers were grown
lattice matched, on either GaAs or Ge (100) substrates. In order to avoid anti-
phase boundaries in the III-V epilayers, the Ge(100) surface was prepared with
double-atomic steps prior to growth. The surfaces involved were prepared with
either P-rich (2x1) or III-rich (2x4) surface reconstructions via specific prepa-
ration routes controlled by optical in situ spectroscopy and identified in UHV

by LEED. Selected samples were in system transferred in an inert nitrogen am-
biance to a PEC cell, where they were exposed to an aqueous electrolyte. For
comparison, the same measurements were performed on samples with a native
oxide layer. We show that a precise surface preparation is crucial for efficient
PEC processes.

0464 Tuel3:30 P
Caesium deposition on GaN to obtain a photocathode for particle acceler-
ators — eJANA SCHABERI’Z, RonNG XIANGI, JOCHEN TEICHERTl, and ANDRE
ArNorLp! — 'Department of Radiation Physics, Helmholtz-Zentrum Dresden-
Rossendorf, Dresden, Germany — ?Department of Physical Chemistry, Techni-
cal University Dresden, Dresden, Germany
Negative electron affinity (NEA) GaAs- and GaN-based photocathodes are used
in modern night vison detectors and light emitting diodes. GaAs semiconduc-
tors are already used as electron sources in particle accelerators and well- studied.
Like GaAs, GaN belongs to the III-V semiconductor group with similar prop-
erties. It is assumed that GaN, like GaAs, shows enormous potential as a novel
electron source for particle accelerators.

P-type GaN on different substrate material (sapphire, silicon, copper or SiC)
is activated by a thin layer of caesium and illuminated by ultra-violet (UV) light
at the same time. As a consequence of negative electron affinity (NEA) and pho-
toeffect, the generated photoelectrons enter into vacuum and are collected by a
copper ring anode. The resulting photocurrent is detected during the whole ac-
tivation process and stopped when a maximum photocurrent is reached. By a
comparison of differences in substrate material, chemical pre-cleaning, thermal
heat treatment and activation parameters (e.g. caesium-flux), the photocurrent,
quantum efficiency and the re-activation of the photocathode is studied. Addi-
tionally the GaN samples are examined by AFM, SEM and EDX.

0465 Tuel3:30 P
Aussilicide nanowires on Si(110) — ¢STEPHAN APPELFELLER — MAX IV Lab-
oratory, Lund University, Sweden
The Au-Si phase diagram is of simple eutectic nature without any stable bulk
Au silicide. Nevertheless, metastable Au silicide structures have been observed
at Au-Si interfaces and on surfaces. Especially, Au atomic chains on planar and
vicinal Si(111) surfaces were investigated in recent years since they showed very
enticing properties, e.g., self-doping by adatoms, 1D metallic behavior, or spin
chain formation.

Here, Au induced nanostructures on the Si(110) surface are studied using
LEED, STM and STS, and core-level and valence band PES. Due to the symme-
try of the substrate, single-domain Au reconstructions form, e.g., a 2x5 super-
structure known to show a 1D metallic band structure, which show interesting
adatom structures. However, the focus of this study is on Au silicide nanowires.
Their diffraction data are not characterized by well-defined spots, but by streaky
features. While the dimensions of the nanowires are directly obtainable in STM,
they only show a structurless appearance for widely varying tunneling condi-
tions. Nevertheless, structural information is available by tuning the surface
sensitivity in PES indicating silicide formation. Both PES and STS experiments
show a finite density of states at the Fermi level for the nanowires suggesting
(semi-)metallic behaviour.

0 47: Poster Session IV: Organic molecules on inorganic substrates: networks and overlayers

Time: Tuesday 13:30-15:30

0471 Tuel3:30 P
Alkali Doping Leads to Charge-Transfer Salt Formation in a Two-
Dimensional Metal Organic Framework — eBIiLLAL SonaIL!, PHIL
BLOWEY1’3, GIOVANNI COSTANTINII, PHIL WOODRUFFZ, and REINHARD J.
Maurer! — !Department of Chemistry, University of Warwick, UK —
’Department of Physics, University of Warwick, UK — *Department of Chem-
istry, University of Leeds, UK
A detailed characterisation of structure and electronic properties at metal-
organic interfaces is crucial for the design of novel molecular electronic
devices such as organic photovoltaics (OPVs). In such devices, strong
donors such as alkali atoms and acceptor molecules, such as TCNQ (7,7,8,8,-
tetracyanoquinodimethane), are added to organic electronics devices to tune
the charge interjection properties at the metal-organic interfaces. We present
a joint computational and experimental study to examine the intricate cou-
pling of geometry and electronic structure of TCNQ coadsorbed with potassium
atoms on Ag(111), which forms a strongly interacting organic salt. Conversely,
pure TCNQ on Ag(111) forms strongly surface-bound adlayers containing silver
adatoms. Quantitative agreement between theory and experiment required the
rescaling of dispersion coeflicients to account for strong charge transfer. We fur-
ther identify the energetic driving force for organic salt formation and discuss
the intricate competition between donor, acceptor and metal substrate.
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0472 Tuel3:30 P
Metalation of 2HTCNPP on Ag(111) with Zn - evidence for the sitting atop
complex at room temperature — «JAN KULIGA', RODRIGO CEZAR DE CAMPOS
FERREIRAZ, RajAN ADHIKARII, STEPHEN MASSICOTI, MICHAEL LEPPERI, He-
LEN HC’)LZEL3, NORBERT IUXS, HUBERTUS MARBACHI, ABNER DE SIERVOZ, and
HaNSs-PETER STEINRUCK! — 1Physikalische Chemie II, Friedrich-Alexander-
Universitit Erlangen-Niirnberg, Egerlandstr. 3, 91058 Erlangen, Germany —
*Instituto de Fisica Gleb Wataghin, Universidade Estadual de Campinas, Camp-
inas, 13083-859, SP, Brazil — >Organische Chemie II, Friedrich-Alexander-
Universitit Erlangen-Niirnberg, Nikolaus-Fiebiger-Str. 10, 91058 Erlangen, Ger-
many
Using STM at RT, we study the adsorption of the free base 2HTCNPP on Ag(111),
and its metalation to ZnTCNPP by post-deposition of Zn atoms. The goal is
to obtain further insights in the metalation reaction and the influence of the
cyanogroups on this reaction. The interaction of 2HTCNPP with post-deposited
Zn leads to the formation of three different 2D ordered island types that coexist
on the surface. All contain a new species with a bright appearance, which in-
creases with the amount of post-deposited Zn. We attribute this to metastable
SAT (*sitting atop*) complexes formed by Zn and the macrocycle, that is, an
intermediate in the metalation reaction to ZnTCNPP, which occurs upon heat-
ing to 500 K. Interestingly, the activation barrier for the successive reaction of
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the SAT complex to the metalated ZnN'TCNPP species can also be overcome by a
voltage pulse applied to the STM tip.

0473 Tuel3:30 P
Self-assembled 2D-coordination-Kagome, quadratic and closed-packed-
hexagonal lattices formed from cyano-functionalized benzo-porphyrins on
Cu(111) — «RAJAN ADHIKARII, JaN KULIGAI, MICHAEL RUPPELZ, NORBERT
]sz, HuBERTUS MARBACH', and HANs-PETER STEINRUCK! — !Lehrstuhl fiir
Physikalische Chemie II, Friedrich-Alexander-Universitit Erlangen-Niirnberg,
Egerlandstr. 3, 91058 Erlangen, Germany — *Lehrstuhl fiir Organische Chemie
II, Friedrich-Alexander-Universitat Erlangen-Nurnberg, Nikolaus-Fiebiger-Str.
10, 91058 Erlangen, Germany
We investigated the adsorption of 2H-TCNPTBP molecules on the Cu(111) sur-
face by scanning tunneling microscopy in UHV at RT. Three types of network
structures are observed to coexist at low coverages. The first two Kagome lattice
and the quadratic pattern are stabilized by cyano-Cu-cyano interactions with
Cu adatoms; the other is a close-packed hexagonal network, which is stabilized
by H-bonds and dipole-dipole interactions of oppositely oriented cyano-end
groups. The hexagonal network has a molecular density on the surface, which
is a factor of 2.3 larger than that of the Kagome lattice and the quadratic struc-
ture, which is attributed to the energy gain upon adsorbing a higher number of
molecules. This finding leads us to suggest a coverage dependent competition
between strong metal-organic coordination bonds at low coverage and weak hy-
drogen bonds plus dipole-dipole interactions at high coverage. The results show
that a subtle interplay between adsorbate-substrate and adsorbate-adsorbate in-
teractions can steer on-surface metal-organic coordination.

0474 Tuel3:30 P
Functional 1D template to drive the assembly and alignment of polycyclic
molecules — VALERIA CHESNYAK ', sMARC G CuxART', KNUD SEUFERT!, and
WiLLr AuwirTER' — !Physics Department E20, Technical University of Mu-
nich, Garching, Germany — 2IOM-CNR Laboratorio TASC, Trieste, Italy
Two-dimensional (2D) materials grown on metal substrates constitute excellent
platforms to engineer the properties of organic molecules and molecular arrays
[1,2]. Moiré superstructures emerging from the combination of distinct symme-
tries and periodicities of metal surface and 2D layer can guide the self-assembly
of molecules, while the nature of the 2D layers and their interfacial properties

determine the electronic (de)coupling between molecules and metal.

Here we present the formation of a one-dimensional (1D) template resulting
from the growth of a 3-fold symmetric hexagonal boron nitride (hBN) layer on
a 4-fold symmetric Ir(100) surface. Its functionality is probed by subsequent de-
position of pentacene molecules and comprehensive characterization by STM,
STS, LEED and XPS measurements. This reveals a linear alignment of individ-
ual molecules, shows that the templating functionality originates due to a 1D
modulation of the work function, and indicates an electronic decoupling of the
molecules from the metal. This system represents a suitable 1D template that
provides prospect for the study of arrays of aligned molecules and other low-
dimensional nanostructures.

[1] W. Auwirter, Surf. Sci. Rep. 74(1) (2019)

[2] A. Kumar et al., Nanotechnology 28(8) (2017)

0475 Tuel3:30 P
On-surface assembly of supramolecular graphyne-like 2D materials: from
hydrogen- and halogen-bonded to organo-metallic networks — ZecHAO
YANGI, Lukas FROMMZ, Tim SANDERI, JuLiAN GEBHARDTZ, ToBI1AS SCHAUB® s
HiMADRI SONIZ, BINBIN DAI, ANDREAS G('jRLINGZ, MILAN KIVALA3, and
+SaBINE MAIER' — 'Department of Physics, FAU Erlangen—Nﬁrnberg — 2Chair
of Theoretical Chemistry, FAU Erlangen-Niirnberg — *Organisch-Chemisches
Institut, Universitat Heidelberg
The on-surface assembly of graphyne-based 2D materials are directive for the
synthesis of the elusive carbon allotrope graphyne. Here, we demonstrate a
supramolecular approach to fabricate highly-ordered monolayered hydrogen-
and halogen-bonded [1] as well as organometallic graphyne-like 2D materials
[2] from functionalized triethynyltriazine derivatives on Au(111) and Ag(111).
The supramolecular graphynes have been investigated by STM in combination
with DFT. We found that the halogen-bondend networks with N...Br-C(sp)-
bondslead to significantly stronger bonded networks compared to the hydrogen-
bonded networks with N...H-C(sp)-bonds. For the organometallic networks
with Ag-bis-acetylide bonds, large-area networks of several hundred nanometers
with topological defects at domain boundaries are obtained. The thermodynam-
ically controlled growth mechanism is explained through the direct observation
of intermediates, which differ on Ag(111) and Au(111).

[1] Z. Yang et al. Angew. Chem. Int. Ed., 59, 24, 9549-9555 (2020)
[2] Z. Yang et al. ACS Nano, 14, 12, 16887-16896 (2020)
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048.1 Tuel3:30 P

Ultrafast microscopy of charge density wave phase transitions using pump-
probe imaging ellipsometry — «SEBASTIAN ROHRMOSER, ToB1As HEINRICH,
JuLius B. PETERS, MURAT S1vis, and CLAUs ROPERs — IV. Physical Institute,
Georg-August-University Gottingen, Germany
Null Ellipsometry has a long history of being a powerful, surface sensitive tool
for measuring small changes in the refractive index of a sample with a high lat-
eral resolution. These changes may stem from molecular adsorption [1], thin
film growth [2] or phase transitions [3]. However, electronic phase transitions
between charge density wave (CDW) phases occur on a much shorter timescale
and are therefore inaccessible by conventional ellipsometry. Here, we present
an all-optical, ultrafast approach to analyzing the phase transition between the
nearly commensurate and incommensurate CDW phase in the transition-metal
dichalcogenide (TMDC) 1T-TaS2. By combining a null ellipsometer with a
pump probe setup, we are able to study the optically driven phase transition with
a femtosecond temporal and micrometer lateral resolution. Using heat transfer
simulations, we can disentangle the phase transition from the temperature con-
tributions to give better insight in the surface-near dynamics. These results open
the pathway for analyzing phase transitions on microstructured surfaces to in-
vestigate possible applications of TMDC’s as optoelectronic components.

[1] H. Elwing, Elsevier 19, Issues 4-5, 397-406 (1998)

[2] ]. Lee et al., Rev. of Scientific Instr. 69, 1800-1810 (1998)

[3] S. Faiss et at., J. Phys. Chem. B, 111, 50, 13979-13986 (2007)

0482 Tuel3:30 P
Local impedance of Li-ion dynamics through complex interfaces in
solid-state electrolytes — «SINA STEGMAIER', ROLAND SCHIERHOLZ?, IVAN
POVSTUGARS, Jurt BARTHEL4, CHRISTOPH SCHEURERS, and KARSTEN REUTER®
— !Theoretische Chemie, TU Miinchen — 2IEK-9, Forschungszentrum Jiilich
_ 37EA-3, Forschungszentrum Jilich — 4ERC, Forschungszentrum Jiilich —
>Theory Department, Fritz-Haber-Institut der Max-Planck-Gesellschaft
All-solid-state batteries (ASSB) present a next-generation technology, promis-
ing increased operation safety and lifetime as compared to state-of-the-art Li-
ion cells. The practical performance of solid-state electrolytes (SSE) in ASSBs,
though, is severely limited by poorly understood interfacial processes. Atomistic
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insight into the structure and transport processes at working SSE grain bound-
aries [1] is required to enable insight-driven progress.

Molecular Dynamics simulations employing a first-principles derived force
field allow for a precise localization of Li ion impedance in the grain boundaries
of the LATP SSE material. An explicit, experimentally guided atomistic model of
such buried interfaces is established to capture nanoscale complexions and inves-
tigate their role in the observed Liion impedance. Following this novel approach,
we leverage experimental insights from transmission electron microscopy and
atom probe tomography for computational modeling of detailed ion dynamics
across realistic functional solid-solid interfaces.

[1] A. Mertens et al., Solid State Ionics 309, 180 (2017).

0483 Tuel3:30 P
Solid state dewetting of thin bismuth films: a quantitative analysis of crystal
truncation rods — «CONSTANTIN WANSORRA and WOLFGANG DONNER — TU
Darmstadt, Materials Science, Structure Research, Darmstadt, Germany
The dewetting of a thin film in the solid state represents a prominent destruction
mechanism of thin films at elevated temperatures and is therefore researched
with increasing importance. The activation of surface diffusion by temperature
results in the transition of a flat thin film into separated islands, caused by a re-
duction of surface and interface energies [1].

While the major part of research about this topic is covered by microscopy
methods, we apply x-ray diffraction and analyze crystal truncation rods quantita-
tively. With additional support from electron backscatter diffraction (EBSD) ex-
periments, we determine unit cell coverage, lattice spacings and gradients thereof
to reveal the impeding influence of a strain gradient present in thin bismuth films
on solid state dewetting [2]. Furthermore, models of the step edge diffusion of
bismuth were developed and the possible influence of a strain gradient on this
model is discussed.

[1] Thompson, Rev. Mater. Res. 42 (2012): 399-434.

[2] Wansorra, et al., Acta Mater. 200 (2020): 455-462.
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0484 Tuel3:30 P
Computational insights into the buried interface of silica-coated Pt elec-
trocatalysts — «ALEXANDER URBAN — Department of Chemical Engineering,
Columbia University, New York, NY 10027, USA
Semipermeable membranes are attractive as protective coatings for metal elec-
trocatalysts in harsh environments, but their impact on the catalytic proper-
ties has not been fully understood. Experimentally probing buried membrane-
catalyst interfaces in situ is challenging because standard surface-science tech-
niques cannot be directly used.

Here, we discuss insights from first-principles modeling of silica-coated plat-
inum electrocatalysts. We introduce the concept of interface Pourbaix diagrams
to investigate the interaction of silica membranes with the surface of platinum
metal electrocatalysts under different electrochemical conditions. The structure,
composition, and adhesion energy of the buried SiO,/Pt interface depend on
the pH value of the aqueous electrolyte and the electrode potential. Membrane-
coating also affects the electronic structure of the catalyst surface, which has
direct implications for the catalytic reactivity

Our analysis indicates that semipermeable membrane coatings are not pas-
sive bystanders but affect the properties of electrocatalysts, thereby offering as
yet unexplored tuning knobs for the design of corrosion-stable electrocatalysts.

0485 Tuel3:30 P
Interfacial phase transition in multiphase systems of environmental rele-
vance — *THORSTEN BARTELS-RAUSCH, XIANGRUI KONG, FABRIZIO ORLANDO,
LucaA ARTIGLIA, ASTRID WALDNER, THOMAS HUTHWELKER, and MARKUS AM-
MANN — Paul Scherrer Institut, Villigen PSI, Switzerland
Laboratory experiments are presented on the phase change at the surface of
sodium chloride - water mixtures at temperatures between 259 K and 240 K.
A high selectivity to the upper few nanometres of the frozen solution - air inter-
face is achieved by using electron yield near-edge X-ray absorption fine struc-
ture (NEXAFS) spectroscopy. We find that sodium chloride at the interface of
frozen solutions, which mimic sea-salt deposits in snow, remain as supercooled
liquid down to 240 K. Below this temperature, hydrohalite exclusively precipi-
tates, anhydrous sodium chloride is not detected. In this work, we present the
first NEXAFS spectrum of hydrohalite.

Experiments were performed at the PHOENIX beam line of the Swiss Light
Source (SLS) at the Paul Scherrer Institute using the Near Ambient Pressure Pho-
toemission (NAPP) set-up. In this work, we focus on the sample environment
an in particular the ability to accurately monitor and set temperature and partial
pressure of water. The importance of precise knowledge the trajectories, or his-
tory of, relative humidity and temperature that the sample have been exposed to
are discussed.

0 49: Poster Session IV: Electronic structure of surfaces: Spectroscopy, surface states Il
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0491 Tuel3:30 P
Intrinsic excess charge on polar surfaces: charge density waves, polarons
and bipolarons. — sMiCHELE RETICCIOLI!, ZHICHANG WANG®®, MICHAEL

SCHMIDZ, ULRIKE DIEBOLDZ, MARTIN SETVIN2‘4, and CESARE FRANCHINT™

— 1University of Vienna (Austria) — 2Technische Universitaet Wien, Vienna
(Austria) — >Xiamen University (China) — “4Charles University, Prague (Czech
Republic) — 5University of Bologna (Italy)

Surfaces of oxide materials hosting excess charge show electronic and chemi-
cal properties completely different than the corresponding bulk crystal. Due to
uncompensated broken bonds, bulk-terminated polar surfaces are known to in-
trinsically host excess charge, conventionally assumed to form a metallic two-
dimensional electron gas. Here, by investigating the KTaO;(001) polar surface
by density functional theory calculations and surface sensitive experiments, we
show that excess charge is accommodated more effectively by in-homogeneous
distributions, with different degree of charge localization. Our data provide evi-
dence for the coexistence of standing density waves with long periodicity, even-
tually combined with minor structural distortions, and strongly localized charge
in form of small electron polarons and bipolarons (quasi particles originating
from the electron-phonon coupling, associated to sharp in-gap states and local
distortions). These novel solutions emerging spontaneously on polar surfaces,
dominate the electronic and chemical properties of the material, with large im-
pact on the device functionalities (e.g., the effects of bipolarons on the CO ad-
sorption are discussed in a separate session by M. Setvin).

0492 Tuel3:30 P
Efficient orbital imaging using ToF momentum microscopy with a femtosec-
ond HHG light source — <WIEBKE BENNECKEI, G. S. MATTHDS IANSENI,
DavID ScHMITT', MARTUS KEUNECKE!, CHRISTINA MOLLER!, DANIEL STEIL',
RUSSELL LUKEZ, SABINE STEILI, and STEFAN MatrHIias' — L. Physikalisches
Institut, Georg-August-Universitit Géttingen — *Institut fiir Numerische und
Angewandte Mathematik, Georg-August-Universitat G6ttingen
Orbital imaging (OI) is a powerful method to visualize molecular orbitals
in molecule-metal interfaces using angle-resolved photoemission spectroscopy
(ARPES) data and phase retrieval algorithms. Here, we will report on our ad-
vances in both of these aspects.

So far, successful orbital imaging has been based on the support constraint,
for which the shape of the orbital must be known and which can be difficult
to estimate. We have developed a sparsity-driven approach to phase retrieval,
which uses only the number of non-zero pixels in the orbital and is independent
of the actual orbital shape. This algorithm has been applied successfully to both
simulated and experimental static ARPES data of different organic molecules.

Our photoemission setup consists of a femtosecond high harmonic gener-
ation beamline and a time-of-flight momentum microscope which yields the
full momentum- and energy-resolved photoelectron spectrum in a single mea-
surement. This enables us to image multiple molecular orbitals simultaneously.
Combined with the sparsity-driven phase retrieval, this setup provides the ideal
platform for orbital imaging with great potential to move towards time-resolved
measurements.

60

Location: P

0493 Tuel3:30 P
Exploring polaron stability and defect structures in Li,Ti;O,, (LTO) sur-
face: A combined theoretical and experimental approach — sYu-Tg CHAN',
MATTHIAS KICKZ, CRISTINA GROSU2’3, CHRISTOPH SCHEURERI, and HARALD
OBERHOFER® — ! Fritz Haber Institute — >TU Miinchen — 3IEK—9, FZ Jiilich
Spinel Li;Ti;O,, (LTO) is a promising anode material for next-generation all-
solid-state Li-ion batteries (ASSB) by its "zero strain" charge/discharge behavior.
Pristine, white LTO possesses poor ionic and electronic conductivity. The latter
can be increased by tailoring the sintering protocol to produce oxygen vacan-
cies, resulting in a performant, blue LTO material. Polarons induced by oxygen
vacancies have been proposed as one of the origins of the high conductivity. De-
tailed knowledge about polaron stability, distribution, and dynamics in LTO bulk
and surface has been lacking, though. By performing Hubbard corrected density
functional theory (DFT+U) calculations we are able to show that in fact polaron
formation and a possible polaron hopping mechanism can play a significant role
in the experimentally observed improved conductivities. Moreover we are able
to gauge polaronic charge mobility by explicitly calculating polaron hopping bar-
riers.[1,2] In combination with positron lifetime spectroscopy (PALS) data and
theoretical positron lifetimes we arrive at a rather complete picture of the bulk vs.
surface defect chemistry in LTO particles and their resulting mixed ionic elec-
tronic conductivity. [1] M. Kick et al,, J. Phys. Chem. Lett. 11 (2020), 2535 [2]
M. Kick et al., J. Chem. Phys. 153 (2020), 144701

0494 Tuel3:30 P
Switching current distribution in a STM Josephson junction on a Pb(111)
surface with Mn adatoms — ¢MARTINA TRAHMsl, DaAvID WANDERZ, J. RIka
SIMONI, NiLs BOGDANOFFI, OLOF PETERSl, KATHARINA BIELl, GAEL REECHTI,
CLEMENS B. WINKELMANNZ, and KATHARINA J. FrRANKE! — !Freie Universitit
Berlin, Arnimallee 14, 14195 Berlin, Germany — *Univ. Grenoble Alpes, Institut
Neél, 25 Avenue des Martyrs, 38042 Grenoble, France
Magnetic impurities on superconducting surfaces are expected to locally disturb
the superconducting ground state. The critical current of a Josephson junction is
a measure of the superconducting order parameter. We employ current-biased
Josephson spectroscopy in a scanning tunneling microscope (STM) to measure
the junction’s switching current which is directly related to the critical current
and marks the transition from Cooper-pair tunneling to quasi-particle tunnel-
ing. To investigate the activation processes of the switching events, we statisti-
cally analyse the switching of a Josephson junction formed between a Pb tip and
a Pb adatom on a Pb(111) surface. By adding Mn adatoms to the Pb surface, we
show a local reduction of the switching current and thereby a disturbance of the
local order parameter due to the magnetic interaction. Additionally, we probe
the switching current distribution in close proximity to the Mn atoms.

049.5 Tuel3:30 P
Electronic structure and charge density wave properties of NdTe; —
*HENRIETTE E. LUNDI, ALLA CHIKINAI, MARcCO BIANCHII, DAVIDE CURCIOI,
KIRSTINE J. DALGAARDZ, SHIMING LEI3, MARTIN BREMHOLMZ, LESLIE M.
Scroop’, and PuiLip HorMANN' — !Department of Physics and Astronomy,
Interdisciplinary Nanoscience Center (iNano), Aarhus University, 8000 Aarhus
C, Denmark — *Department of Chemistry and Interdisciplinary Nanoscience
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Center, Aarhus University, Aarhus, Denmark — >Department of Chemistry,
Princeton University, Princeton, New Jersey 08544, USA

Rare-earth tritellurides (RTe;) are a group of materials exhibiting high charge
carrier mobility and, depending on the rare-earth element R, the materials host
either one or two incommensurate charge density waves (CDWs). The electronic
properties of RTe; have previously been investigated by quantum oscillations
and angle-resolved photoemission spectroscopy (ARPES), but reconciling the
Fermi surface elements observed by both techniques remains an unresolved is-
sue which is complicated by the presence of the CDW and possible additional
electronic phase transitions caused by strong magnetic fields.

The goal of the present study is to investigate whether the quantum oscilla-
tions reported for NdTe; can be reconciled with ARPES results. To this end, we
refine a tight-binding model to include all relevant interactions and to describe
the Fermi surface elements identified by both approaches.

049.6 Tuel3:30 P
Metallic Antiferromagnetic Spintronics: Mn2Au a case study
«SUNIL WILFRED DSouzal, HANSs-JoACHIM ELMERS?, SATYA PRAKASH

BOMMANABOYENAZ, VLADIMIR N STROCOV3, MARTIN JOURDANZ, and JAN

MinAR! — 'New Technologies Research Centre, University of West Bohemia,
Univerzitni 8, CZ-306 14 Pilsen, Czech Republic — 2Institut fiir Physik, Jo-
hannes Gutenberg-Universitit, Staudingerweg 7, D-55099 Mainz, Germany —
3Swiss Light Source, Paul Scherrer Institut, CH-5232 Villigen-PSI, Switzerland

The band structure of Mn2Au has been investigated by first-principles density-
functional theory calculations based on the Green’s function technique. The total
density of state reveals contributions mainly from the Au5d and Mn3d states with
rigid local moments on the Mn sites. The existence of significant out-of-plane
magnetic anisotropy combined with the large strength of short range antifer-
romagnetic exchange interactions between Mn atoms located at two different
Wyckoft positions results in the stabilization of the antiferromagnetic ground
state. Two dimensional plots of constant energy surfaces in the I'-X-Z plane of
the Brillouin zone exibits a 4-fold to 2-fold symmetry breaking as a function of
the binding energy at 0.00 eV and 0.25 eV below the Fermi surface. We find
that such a symmetry breaking in Mn2Au is arising due to the degeneration of
the electronic bands in the presence of external magnetic field indicating a strong
spin-orbit coupling interaction. Our results describes the tuning of the magnetic
and electronic properties of Mn2Au for spintronic applications.

0 50: Poster Session IV: Tribology: Surfaces and nanostructures Il
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0501 Tuel3:30 P
High-throughput ab-initio computation of potential energy surfaces at
solid/solid interfaces — eMICHAEL WoOLLOCH', GABRIELE Losr>, OMAR

CHEHAIMI , MAURO FERRARIOZ, and M. CLELIA RiGgHT® — ICMP, University
of Vienna, Vienna, Austria — *FIM, UNIMORE, Modena, Italy — *DIFA, Uni-
versity of Bologna, Bologna, Italy

The potential energy surface (PES) characterizes the mechanical properties of
an interface to a large extend. It allows the computation of properties like adhe-
sion, shear strength, static friction, and dislocations, among others [1-4]. In the
past we have shown that we are able to apply density functional theory to calcu-
late highly accurate PESs for homogeneous interfaces formed by two equivalent
surfaces [1,2].

However, the efficient computation of the PES for interfaces consisting of dif-
ferent crystals is exceedingly more complex. Challenges are mainly found in the
creation of matching interface structures and the efficient sampling of the inter-
face plane for the total energy calculation.

In this poster we present the algorithm we developed to efficiently and ac-
curately compute the PES of nearly arbitrary interface structures based on the
combination of high-symmetry points and interpolation with radial basis func-
tions. A sketch of the full high-throughput workflow is also given.

Part of this work was supported by ERC grant 865633 (SLIDE); [1] Wolloch et
al. Sci. Rep. 9, 17062 (2019), [2] Restuccia et al. Comput. Mater. Sci., 154:517-
529 (2018), [3] Zilibotti et al. Langmuir 27, 6862 (2011), [4] Mryasov et al. Phys.
Rev. B 58, 11927 (1998)

050.2 Tuel3:30 P
Nanoscale wear mechanisms on bulk and monolayer molybdenum disul-
phide — <ALPER OZOGULI, FELIX CASSINl, ANDREY TURCHANINZ, and EN-
RIcOo GNECCO! — 'Otto Schott Institute of Materials Research, Friedrich Schiller
University Jena, Germany — “Institute of Physical Chemistry, Friedrich Schiller
University Jena, Germany
We have compared the response of MoS2 in the form of multi- and mono-layers
grown on a silica substrate under abrasive wear conditions on the nanoscale [1].
The samples have been scratched with a sharp diamond tip with normal loads
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in the uN range and scan velocities in the um/s range. The resulting surface
structures are characterized by AFM and related to the lateral force acting on
the probing tip during scratching. On the bulk crystal distinct stick-slip motion
is observed and sequences of chip structures are built up all along the scratch
line. Characteristic parameters of this motion, namely the lateral contact stiff-
ness and slip period are found to depend highly on the applied normal force and
scratching velocity decreasing exponentially or, respectively, increasing logarith-
mically with them. Monolayer MoS2 is cracked along the zigzag direction and
completely folded over itself while scratching. The time evolution of the lateral
force is overall irregular although periodic structures, which possibly originate
from rippling of silica substrate, can be recognized. First attempts to analyze the
energetics of the complex processes so observed are also discussed.
[1] A. Ozogul et al., Phys. Rev. Materials 4 (2020) 033603

0503 Tuel3:30 P

Advancing lubricant materials by first principles material design — sMARIA
CLELIA RIGHI, STEFAN PEETERS, GABRIELE LosI, MICHELE CUTINI, EDOARDO
Marquis, and Jacoro MESCITELLI — Department of Physics and Astronomy,
University of Bologna, Italy
Friction and wear result in massive economic and environmental costs. Optimis-
ing lubricant materials is challenging because their performances are ruled by
molecular-level processes that occur at the buried interface, which are extremely
difficult to monitor by experiments. Simulations can play a decisive role here, in
particular those based on quantum mechanics, which is essential to accurately
describe the interactions between surfaces in contact and simulate reactions in
conditions of enhanced reactivity as those imposed by the mechanical stresses
applied. We applied ab initio molecular dynamics (MD), also linked to classical
MD in a QM/MM scheme, to understand the functionality of lubricant addi-
tives and design new, environment-friendly materials to reduce friction. I will
describe i) the in-operando formation of graphene from methane molecules ii)
iron lubrication by MoS2, phosphorene and selenium-based compounds.

These results are part of the SLIDE project that has received funding from the
European Research Council (ERC) under the European Union’s Horizon 2020
research and innovation programme. (Grant agreement No. 865633 )
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O51.1 Tuel3:30 P
Proton and Li-Ion Permeation through Graphene with Eight-Atom-Rings
Defects — «EoIN GRIFFIN — Department of Physics and Astronomy & National
Graphene Institute, The University of Manchester, Manchester
Defect-free graphene is impermeable to gases and liquids but highly permeable
to thermal protons. Atomic-scale defects such as vacancies, grain boundaries
and Stone-Wales defects are predicted to enhance graphene’s proton permeabil-
ity and may even allow small ions through, whereas larger species such as gas
molecules should remain blocked. These expectations have so far remained
untested in experiment. Here we show that atomically thin carbon films with
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a high density of atomic-scale defects continue blocking all molecular trans-
port, but their proton permeability becomes ~1,000 times higher than that of
defect-free graphene. Lithium ions can also permeate through such disordered
graphene. The enhanced proton and ion permeability is attributed to a high den-
sity of 8-carbon-atom rings. The latter pose approximately twice lower energy
barriers for incoming protons compared to the 6-atom rings of graphene and a
relatively low barrier of ~0.6 eV for Liions. Our findings suggest that disordered
graphene could be of interest as membranes and protective barriers in various
Li-ion and hydrogen technologies.
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0512 Tuel3:30 P
From self-assembled monolayers to highly functional substrates for cryo-
transmission electron microscopy (ctryoTEM) — s ANDREAS TERFORT — Uni-
versity of Frankfurt, Department of Chemistry, Institute of Inorganic and Ana-
lytical Chemistry, Max-von-Laue-Str. 7, 60438 Frankfurt, Germany
Major problems for the cryo-transmission electron microscopy (cryoTEM) of
proteins are the stabilization of the nm-thick water film and the preservation
of the particles within the field of observation without denaturation. Here we
report three approaches to produce TEM grids suitable for the task.

1) Covering the supporting carbon films with a hydrophilic film to suppresses
adhesion of proteins. This could be extended by introduction of carbon nan-
otubes, covered by the same kind of molecular film to aid charge dissipation
during observation.

2) The cross linking of a polyglycerol-SAM resulted in ultrathin hydro-
gel membranes, which help the distribution of the unaltered proteins. Self-
perforation of the membranes during the deposition process opened windows
for an unaltered observation by the electron beam.

3) The modification of the hydrogel membrane with selective binding sites,
by formation on-top of carbon nano-membranes, which in turn are obtained by
cross-linking of aromatic monolayers by electron-beam irradiation. The bi-layer
system is then modified covalent attachment of a selective binding site, which
allows for the selective extraction of the analyte from e.g. protein mixtures.

0513 Tuel3:30 P
The impact of domain walls on broken symmetry states in suspended dually-
gated bilayer graphene — <FABIAN RUDOLF GEISENHOF, FELIX WINTERER!,
and R. Tomas Werrz">>* — IPhysics of Nanosystems, Department of
Physics, Ludwig-Maximilians-Universitit Miinchen, Amalienstrasse 54, Munich
80799, Germany — 2Center for Nanoscience (CeNS), Schellingstr. 4, Munich
80799, Germany — >Munich Center for Quantum Science and Technology (MC-
QST), Schellingstrasse 4, Munich 80799, Germany — 41st Physical Institute,
Faculty of Physics, University of Géttingen, Friedrich-Hund-Platz 1, Gottingen
37077, Germany

Bilayer graphene exhibits a rich variety of broken symmetry states due to its vari-
ous internal degrees of freedom and non-vanishing density of states at the charge
neutrality point. Most important for their emergence is the cleanliness of the
graphene, however, also the existence of structural and electronic domain walls
in bilayer graphene can heavily affect the quantum transport. Here, we present
an extensive study on several dual-gated freestanding bilayer graphene devices,
giving evidence that domains within a device change its transport properties sig-
nificantly. Besides suppressing the insulating spontaneous ground state, domain
walls alter the electric field dependence of quantum Hall states.

0514 Tuel3:30 P
Crystalline and amorphous graphene from aromatic precursors —
«KATAYOUN GHARAGOZLOO-HUBMANN', TIBOR LEHNERT?, NICLAS SVEN
MUELLERI, PATRYK KUSCHI, UTE KAISERZ, and STEPHANIE REICH'
'Department of physics, Freie Universitat Berlin, Arnimallee 14, 14195 Berlin,
Germany — 2Ulm University, Central Facility of Electron Microscopy, Electron
Microscopy Group of Materials Science, Albert Einstein Allee 11, Germany
We study the growth of graphene from (poly)aromatic precursors that react on
a substrate while preserving their sp2 structure. These precursors require lower
growth temperatures, produce specific types of defects and are self-limited to
a monolayer. The growth temperature (T<500°C) for p-Terphenyl is far below
the typical growth temperature (T>900°C) from the gaseous precursors. Spher-
ical and chromatic aberration-corrected high-resolution transmission electron
microscopy and Raman investigations verify the grown structures: Amorphous
and crystalline domains are grown from p-Terphenyl molecules. Correlative
near field microscopy and spectroscopy (tip enhanced Raman spectroscopy)
confirm the co-exist of both domains. Confocal micro-Raman spectra de-
pict the structure observed by high-resolution TEM as well. Larger precur-
sor molecules Di(naphthylen)anthracene led to the growth of polycrystalline
graphene. We present a synthesis route, which delivers monolayered 2-D-
carbonmaterial with different degree of order. Amorphous, polycrystalline and
also crystalline graphene can be produced by modifying the synthesis condition.
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0521 Tuel330 P
Local infrared properties of pure antimony in reduced dimension —
eMax DARIO SIEBENKOTTENI, KONSTANTIN WIRTHI, PETER KERREsl, Lisa
ScHAFER', ANNE FROMMELIUS?, ULRICH SIMON?, MATTHIAS WUTTIG!, and
TroMAs TAUBNER' — !Institute of Physics (IA), RWTH Aachen — 2Institute
of Inorganic Chemistry, RWTH Aachen
Much progress has been made in recent years in advancing phase-change mate-
rials (PCMs) towards becoming a commercial random access memory (RAM)
technology [1]. One major remaining issue is that the precise stoichiometry in
the region of interest in PCM memory cells still eludes control, particularly when
that region is repeatedly switched between its amorphous and crystalline state
[2]. Pure antimony is a PCM and recently it has been shown that switching can
be achieved when it is confined in reduced dimensions [2].

In this work the infrared optical properties of antimony thin films and
nanoparticles are investigated by scattering type scanning near-field optical mi-
croscopy (s-SNOM). s-SNOM allows for the study down to the single nanopar-
ticle level. The antimony nanoparticles show distinguishable infrared optical
response, at least statistically, between their amorphous and crystalline phase.
Confined antimony is found to show pronounced differences to bulk antimony
in the infrared, as has been shown for the optical region on thin films before [3].

[1] Kooi, Wuttig, Adv. Mater. 32, 1908302 (2020)

[2] Salinga et al., Nat. Mater. 17, 681-685 (2018)

[3] Cheng et al., arXiv:2008.09007 (2020)

0522 Tuel3:30 P
Vibrational Coupling to Epsilon-Near-Zero Waveguide Modes — «THOMAS
G FOLLANDI, GUANYU LUZ, AUTUMN BRUNCZZ’3, J. Ryan NOLENZ, MARKO
Tapjer?, and Josuua D CaLpweLL? — !School of Physics and Astronomy, The
University of Iowa, Iowa City, Towa, USA, 52242 — *Department of Mechanical
Engineering, Vanderbilt University, Nashville, Tennessee 37212, United States
— “Department of Physics, University of Alabama in Huntsville, Huntsville, Al-
abama 35899, United States — 4U.S. Naval Research Laboratory, Washington,
D.C. 20375, United States
Epsilon near zero modes offer extreme field enhancement that can be utilized
for developing enhanced sensing schemes. Here we fabricate high aspect ratio
gratings (up to 24.8 um height with greater than 5 um pitch) of 4H-SiC, with res-
onant modes that couple to transverse magnetic and transverse electric incident
fields. These correspond to metal insulator metal waveguide modes propagat-
ing downward into the substrate. The cavity formed by the finite length of the
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waveguide allows for strong absorption of incident infrared light (>80%) with Q
factors in excess of 90, including an epsilon near zero waveguide mode with ep-
silon = 0.0574 + 0.008i. The localization of the electromagnetic fields within the
gap between the grating teeth suggests an opportunity to realize a new platform
for studying vibrational coupling in liquid environments, with potential oppor-
tunities for enhanced spectroscopies. We show that these modes are supported
in anhydrous and aqueous environments and that high aspect ratio gratings co-
herently couple to the vibrational transition in the surrounding liquid.

0523 Tuel3:30 P
Infrared-visible sum-frequency generation microscopy of phonon polariton
resonances in SiC nanorods — ¢SOREN WASSERROTHI, RICHARDA NIEMANNI,
GUANYU LUZ, MARTIN WOLFI, Josuua D. CALDWELLZ, and ALEXANDER
PAARMANN' — !Fritz-Haber-Institut, Berlin, Germany — *Vanderbilt Univer-
sity, Nashville, USA
Sum-frequency generation (SFG) allows the study of surfaces and inversion bro-
ken systems. In a new approach we implemented a wide field sum-frequency mi-
croscope combining an infrared free electron laser (IR FEL) as excitation source
with visible upconversion. The IR FEL provides a powerful, narrow band, and
tunable light source [1]. By direct imaging of the SFG light with a microscope in
a wide field scheme without scanning the sample or the focus [2], we achieve a
spatial resolution well beyond the infrared diffraction limit.

We use SFG microscopy to image phonon polariton resonances in subdiffrac-
tional SiC nanorods. Full spectral mapping of the structures allows spectroscopic
identification of the various polariton resonances(~ 900 em™). Additionally, the
high spatial resolution of the microscope resolves the modal structure of polari-
tons within each nanorod. We follow the evolution of the polariton modes by
varying the geometrical parameters of the rods. As we demonstrate here, SFG
microscopy presents itself as an excellent novel tool to comprehensively study
infrared polaritons in subdiffractional nanostructures.

[1] Schollkopf et al., Proc. of SPIE (2015)

[2] Kiessling et al., ACS Photonics (2019)
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0524 Tuel3:30 P
Broken Symmetry of Surface Phonon Polaritons in Monoclinic -Gallium
Oxide — #NikoLAI CHRISTIAN PassLEr', Tom FOLLAND?, JoserH MaTsoON®,
XIANG N14, GUANGWEI HU4, MARTIN W0L1=1, ANDREA ALU4, MATHIAS
SCHUBERTS, JosHUA CALDWELL3, and ALEXANDER PAARMANN' — !Fritz-
Haber-Institute of the MPG — *University of Iowa — >Vanderbilt University,
Nashville — *City University of New York — >University of Nebraska
Materials with low crystal symmetry exhibit correspondingly high optical
anisotropy - a critical component for manipulating the propagation, polariza-
tion, and phase of light. Specifically, polar crystals with strong optical anisotropy
in their surface plane can support in-plane hyperbolic surface phonon polari-
tons (h-SPhPs), featuring highly directional polariton propagation in the sur-
face plane. So far, the investigated material systems for the observation of h-
SPhPs comprise uniaxial and biaxial polar crystals with orthogonal optical axes.
Yet, in low symmetry Bravais lattices such as monoclinic and triclinic systems
a new class of surface polaritons featuring low symmetry are observed. Here
we present Otto-type prism coupling experiments of monoclinic -gallium ox-
ide demonstrating the intrinsic symmetry breaking of the polariton propagation
general to this material class. Furthermore, we present a theoretical approach
for the description of polaritons in monoclinic crystals, revealing additional di-
rectional symmetry breaking in the polariton propagation patterns. Our results
offer significant opportunities for topological photonics, as well as for exploring
the anisotropic electronic properties for high power electronic devices.

0525 Tuel3:30 P
Extracting the electronic properties of an oxide two-dimensional electron
gas by scanning near-field optical microscopy — sJULIAN BARNETT', MARC-
ANDRE ROSEZ, GEORG ULRICH3, MARTIN LEWINI, BERND KASTNER3, REGINA
DiTTMANN?, FELIx GUNKEL?, and THOMAS TAUBNER' — '1. Physikalisches
Institut (IA), RWTH Aachen — 2Peter Griinberg Institut, Forschungszentrum
Jillich — *Physikalisch-Technische Bundesanstalt Berlin
The interface between bulk insulators SrTiO; and LaAlO; (LAO/STO) gives rise
to a confined and highly conductive two-dimensional electron gas (2DEG) [1],
which poses unique analytical challenges, due to its buried and sensitive na-
ture. Scanning near-field optical microscopy (SNOM) was shown to overcome
these challenges by measuring the presence of the LAO/STO 2DEG using highly
confined optical near-fields [2], opening the possibility for quantitative analy-
sis by comparison to theoretical predictions. We now introduce spectroscopic
s-SNOM measurements of the LAO/STO interface [3], showing that we are able
to simultaneously disentangle the 2DEG’s optical response and discriminate be-
tween thin film and substrate contributions. This is possible by using full spec-
troscopy, phonon-enhancement, and more accurate modeling based on the Fi-
nite Dipole Model, allowing us to set the starting point for a wave of similar
spectroscopic investigations on other nanoscale layered interfaces.
[1] A. Ohtomo et al., Nature 427, 423 (2004).
[2] W. Luo et al., Nat. Commun. 10, 2774 (2019).
[3]J. Barnett et al., Adv. Funct. Mater. 30(46), 2004767 (2020).
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0531 Tuel3:30 P
Broken adiabaticity induced by Lifshitz transition in MoS2 and WS2 single
layers — «Dino Novko — Institute of Physics, Zagreb, Croatia
The breakdown of the adiabatic Born-Oppenheimer approximation is striking
dynamical phenomenon, however, it occurs only in a handful of layered ma-
terials. Here I show that adiabaticity breaks down in doped single-layer tran-
sition metal dichalcogenides in a quite intriguing manner. Namely, significant
nonadiabatic coupling, which acts on frequencies of the Raman-active modes,
is prompted by a Lifshitz transition due to depopulation and population of mul-
tiple valence and conduction valleys, respectively. The outset of the latter event
is shown to be dictated by the interplay of highly non-local electron-electron
interaction and spin-orbit coupling. In addition, intense electron-hole pair scat-
terings due to electron-phonon coupling are inducing phonon linewidth mod-
ifications as a function of doping. Comprehending these intricate dynamical
effects turns out to be a key for mastering characterization of electron doping in
two-dimensional nano-devices by means of Raman spectroscopy.

0532 Tuel3:30 P
Ab initio study of Heat Capacities and Energy Dispersions in Antiferro-
magnetic L;,-type MnPt — «KisuNnGg KaNG, Davip G. CAHILL, and ANDRE
ScHLEIFE — Department of Materials Science and Engineering, University of
Illinois at Urbana-Champaign, Urbana, IL 61801, USA
While antiferromagnetic L;o-type MnPt has been utilized as a pinning layer
to apply exchange bias to a nearby ferromagnetic layer, the detailed physics
of magnetism in MnPt is still under the veil. We investigate ground and ex-
cited states of antiferromagnetic L;,-type MnPt to understand their thermal
and magnetic properties through the first-principles density functional theory.
Ground-state calculations provide exchange coupling parameters, magnetocrys-
talline anisotropy, and metallic electronic band structure. Phonon and magnon
dispersion curves are obtained from the finite difference method and linear spin-
wave theory. At the T point a gap is expected in the magnon dispersion. Based
on the energy dispersion results, we computed ab initio heat capacity for each
elementary particle and the total heat capacity. The temperature dependence of
the heat capacity at low temperatures originates mostly from phonons. There is
almost no contribution from magnons because of the magnon gap and the low
density of states in the low energy range. We use a Monte Carlo method based
on the stochastic Landau-Lifshitz-Gilbert equation to compute the magnetic heat
capacity in the high-temperature regime. Its peak provides the estimation of the
Néel temperature, which shows good agreement with the measured value. *Illi-
nois MRSEC NSF DMR-1720633

0533 Tuel3:30 P
Surface Vibrations Enhance Intramolecular Hydrogen Tunneling in (some)
Molecular Switches — «YAIR LitMAN' and MARIANA Rosst”> — 'MPI for the
Structure and Dynamics of Matter, Luruper Chaussee 149, 22761 Hamburg, Ger-
many. — *Fritz Haber Institute of the Max Planck Society, Faradayweg 4-6,
14195 Berlin, Germany
Hydrogen atoms in supported molecular-switch architectures can tunnel close
to room temperature, which calls for the inclusion of nuclear quantum effects
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(NQEs) in the calculation of reaction rates even at high temperatures. How-
ever, standard approaches to introduce NQEs that rely on standard parametrized
dimensionality-reduced models quickly become inadequate in these environ-
ments. Here, a paradigmatic molecular switch based on porphycene molecules
adsorbed on metallic surfaces is addressed by full-dimensional calculations that
combine density-functional theory for the electrons with the semi-classical ring-
polymer instanton approximation for the nuclei[1]. Our results show that the
double intramolecular hydrogen transfer (DHT) rate can be enhanced by orders
of magnitude due to surface fluctuations in the deep tunneling regime. In addi-
tion, the origin of an Arrhenius temperature-dependence of the rate below the
tunneling crossover temperature, as well as the transition to different regimes, is
elucidated. With these considerations, a simple model is proposed to rational-
ize the temperature dependence of porphycene DHT rates spanning diverse fcc
[110] surfaces. [1] Y. Litman, M. Rossi. Phys. Rev. Lett. 125, 216001 (2020)

0534 Tuel3:30 P
The effects of quantum nuclei in metal-molecular interfaces — KAREN
Fipanvan'? and Mariana Rossi? — ! Fritz Haber Institute of the Max Planck
Society, Berlin, Germany — 2Max Planck Institute for the Structure and Dynam-
ics of Matter, Hamburg, Germany
Hydrogen-containing molecular adsorbates on platinum-group metals often
give rise to situations where the bond strength to the surface and its interplay
with nuclear quantum effects (NQE) can substantially change the dynamics and
equilibrium of hydrogen dissociation. In this work, we assess by means of density
functional theory and path integral molecular dynamics simulations, interfaces
involving non-polar molecules (cyclohexane) and polar molecules (water). For
the cyclohexane/Rh(111) interface, we show that the H-Rh bond weakens the
C-H bond and that NQE are responsible for a geometric isotope effect that is re-
flected on work-function changes. We further study the importance of simulat-
ing nuclear fluctuations including anharmonic effects, concluding that although
these contributions play a pronounced role on these interfaces, most of them are
concentrated on “classical” degrees of freedom, resulting in minor anharmonic
quantum contributions in isotope effects [1]. For water on Pd(111) we investi-
gate hydrogen dissociation under different potential voltage biases and analyze
the impact of NQE within a quasi-harmonic approximation throughout the dis-
sociation path.
[1] K. Fidanyan, I. Hamada and M. Rossi, arXiv:2010.03970 (2020)

0535 Tuel3:30 P
Tunnelling with Non-Adiabatic Effects: H-Diffusion in Pd — «EszTERrR
SAROLTA P6s!, Yair LitmMan', and Mariana Rosst> — 'MPI for the Struc-
ture and Dynamics of Matter, Hamburg, Germany — *Fritz Haber Institute of
the Max Planck Society, Berlin, Germany
Hydrogen diffusion in metals is a fundamental process in areas like energy stor-
age devices and hydrogen separation membranes. However, the accurate the-
oretical description of it is challenging because (1) nuclear quantum effects
(NQEs) such as nuclear tunnelling play an important role even at room tem-
perature due to the light mass of the hydrogen atom; (2) the excitation and re-
laxation of electron-hole pairs around the Fermi level give rise to non-adiabatic
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effects (NAEs) that alter the system dynamics. In this work, we present a novel
approach that combines the ring polymer instanton formalism [1] with ab ini-
tio electronic friction [2,3], allowing us to include both NQEs and NAEs in the
rate-calculation of H-diffusion between interstitial sites of Pd. Our approach has
been implemented into the i-PI code [4] including the spatial dependence of
the electronic friction tensor which facilitates the study of nuclear tunnelling on
metallic systems with unprecedented realistic first-principles simulations.

[1]]. O. Richardson, JCP 144, 114106 (2016). [2] M. Head-Gordon, J. C. Tully,
JCP 96, 3939 (1992). [3] R. J. Maurer, M. Askerka, V. S. Batista, J. C. Tully, PRB
94, 115432 (2016). [4] V. Kapil, et al., CPC 236, 214 (2019).

0536 Tuel3:30 P
Nonadiabatic renormalization of electron-phonon interaction in graphene-
based materials — «NINa GIROTTO and DiNo Novko — Institute of Physics,
Zagreb, Croatia
Some of the most prominent features of two-dimensional (2D) materials is-
sue from electron-phonon coupling (EPC) and are easily tailored by strain and
doping. Phonon-mediated superconductivity is expected in a variety of 2D
materials, and because the transition temperature within the Bardeen-Cooper-
Schrieffer (BCS) theory increases with increasing EPC, tailoring EPC provides
a recipe for a more feasible realization of superconductors. Here, we present
density-functional-theory (DFT) calculations of EPC properties of doped 2D
systems, specifically highly-doped graphene and hole-doped graphane. Doping
equalizes the energy scales of electron transitions and phonon frequencies, but
using the adiabatic Born-Oppenheimer approximation, DFT assumes nuclear
and electronic motion can be separated. We show that the mentioned approx-
imation is not applicable on studied systems, since the adiabatically obtained
phonon spectrum is at significant variance with the one containing nonadiabatic
corrections. Nonadiabatic renormalization greatly modifies the EPC strength,
which in turn alters the superconducting transition temperature prediction, ren-

dering its calculation more reliable. The importance of including dynamical cor-
rections is indisputable and care should be taken when neglecting nonadiabatic
effects as they have a huge impact not only on the magnitude of the EPC strength
and the transition temperature, but also on the qualitative understanding of the
system in question.

053.7 Tuel3:30 P
Polaron and multi-charged states in extended p-conjugated systems: the role
of electron correlation. — ¢ DANIELE FAZZII, Kraus MEERHOLZI, and FABRIZIA
NeGri® — 'Institut fiir Physikalische Chemie, Department Chemie, Universitit
zu Koln, Greinstr. 4-6. D - 50939 Koln — 2Dipartimento di Chimica, Universita
di Bologna, via F. Selmi, 2, 40126 Bologna, Italy
Polarons play a crucial role in governing charge and energy transfer in organic
functional materials. An accurate description of their electronic structure and
electron-phonon couplings is mandatory to assess their response and transport
properties.

We report a comprehensive investigation of polarons in ladder-type conju-
gated polymers [1-3]. Polarons show a polyradicaloid character, as revealed by
combining broken-symmetry density functional theory, fragment orbital density
analysis, and multireference methods [3]. Electron and hole polarons relaxed on
localised states, however showing different structural and electron-phonon cou-
pling properties. Polarons, bipolarons and multi-charged states reveal a complex
scenario of quasi-degenerate states, each featuring various spin multiplicity and
response properties.

Our study provides insights towards the understanding of doping processes
and insulator-to-conductor transitions in ladder-type polymers considered for
energy-saving applications.

[1] Wang, S., et al., Adv. Mater. 2018, 30, 1801898. [2] Fazzi D, et al., J. Mat.
Chem. C., 2019, 7, 12876-12885. [3] Fazzi D., et al., Adv. Electron. Materials,
2020, 2000786.
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0541 Tuel3:30 P
Ultrafast nano-imaging of the order parameter in a structural phase transi-
tion — «TILL DOMRGSEI, THOMAS DANZI, and CLaus Ropers™? — l4th Phys-
ical Institute - Solids and Nanostructures, University of Gottingen, Germany —
2Max Planck Institute for Biophysical Chemistry, Gottingen, Germany
Ultrafast transmission electron microscopy has proven a versatile tool to investi-
gate out-of-equilibrium dynamics in heterogeneous nanostructures on their in-
trinsic time and length scales [1]. Here, we report on ultrafast dark-field do-
main mapping in our Goéttingen UTEM [2] as a means to image a structural
phase transition between two charge density wave (CDW) phases in the corre-
lated material 1T-TaS, [3]. Selective contrast enhancement enabled by a tailored
dark-field aperture array provides real-space sensitivity to the local CDW am-
plitude with unprecedented simultaneous femtosecond temporal and nanome-
ter spatial resolution. After optical excitation, we observe a global quench of
the CDW amplitude, followed by formation, condensation and subsequent spa-
tiotemporal relaxation of domain patterns, ranging from the femtosecond into
the nanosecond regime. Accompanying Ginzburg-Landau simulations repro-
duce key experimental observations, elucidating the order parameter dynamics
specifically near domain walls.
[1] A. H. Zewail, Science 328, 187 (2010).
[2] A. Feist et al., Ultramicroscopy 176, 63 (2017).
[3] T. Danz et al., accepted for publication in Science, arXiv:2007.07574

0542 Tuel3:30 P
Determining the orientation of transition dipoles of direct and indirect opti-
cal transitions in metals — «ToB1As EUL, MICHAEL HARTELT, Eva PRINZ, BEN-
JAMIN FRISCH, BENJAMIN STADTMULLER, and MARTIN AESCHLIMANN — De-
partment of Physics and Research Center Optimas, University of Kaiserslautern
Understanding the hot electron dynamics and their energy and momentum
dissipation mechanisms paves the way to enhance the performance of next-
generation electronic and spintronic devices. This understanding can be ob-
tained by the combination of time-resolved photoemission spectroscopy and the
recently developed momentum microscopy. However, to properly determine the
electron dynamics with these techniques, it is crucial to clearly identify the or-
bital character of the initial, intermediate and final states that lead to the emission
of a photoelectron.

Here, we propose a theoretical framework to predict the nature of the involved
electronic states from the cross-correlation signal of a monochromatic 2PPE ex-
periment. Our theory is based on the density matrix formalism, showing a de-
pendence of the ratio between minimum and maximum of the cross-correlation
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trace and the orientation of the transition dipole with respect to the polarization
of the incident light. Our calculations are then compared to momentum mi-
croscopy results for direct and indirect optical transitions in Ag(110), using both
a phase-averaged and a phase-resolved pump-probe setup with a photon energy
of 3.1eV. The comparison shows that the transition dipoles for direct transitions
align along the I'L-direction of the crystal.

0543 Tuel3:30 P
Ultrafast hot electron relaxation in a metallic THz-STM junction — «NATALIA
MARTIN SABAN]ésl‘Z, FARUK KRECINICI, FABIAN SCHULZI, CHENFANG LIN1’3,
Taxasu1 Kumacar™*, MARTIN WoLg!, and MeLANTE MULLER! — ! Fritz Haber
Institute, Berlin, Germany — 2IMDEA nanoscience, Madrid, Spain — 3College
of Materials Science and Engineering, Hunan University, Hunan, China —
4Center for Mesoscopic Sciences, Institute for Molecular Science, Okazaki, Japan
We investigate the ultrafast dynamics of photoexcited hot electrons in a metallic
STM junction through modulation of the junction barrier with an ultrabroad-
band THz field. The ability for phase-resolved quantitative sampling of the THz
bias induced in the junction allows to probe the relaxation of hot carriers in
the STM on THz sub-cycle time scales. Exact knowledge of the THz voltage
is obtained via THz-field-induced modulation of instantaneous photocurrents
excited with 8 fs near-infrared (NIR) laser pulses [1-3]. In the presence of a non-
instantaneous response, distortions of the original THz waveform occur, from
which the ultrafast photocurrent decay can be extracted. Applying a 1D-model
for the transmission of thermalized hot electrons to reproduce the distorted THz
waveforms, we obtain quantitative information about the electronic tempera-
ture in the tip and its ultrafast decay. Our approach provides a new route for
non-resonant probing of charge carrier dynamics in photoexcited STM on time
scales much shorter than a single THz cycle. [1] L. Wimmer et al., Nat. Phys.,
10, 432-436, 2014. [2] M. Miiller et al., ACS Photonics, 7(8), 2046-2055, 2020.
[3] S. Yoshida et al., ACS Photonics 6, 1356-1364, 2019.

0544 Tuel3:30 P
3-in-1 time-resolved ToF momentum microscopy using FEL and HHG ra-
diation — oN. WINDl’Z, D. KUTNYAKHOVZ, M. HEBERZ, E PRESSACCOZ, L.
WENTHAUSZ, G. MERCURIOs, H. MEYERI, S. GIESCHENI, K. BiJHLMANN4,
D. CURCIO5, K. VOLCKAERTS, S. DASTER4, R. GORTS, M. BIANCHIS, C.
SANDERSS, ]. MIWAS, S. ULSTRUPS, A. OELSNERG, C. TUSCHE7’8, YJ. CHEN7’8, S.Y.
AGUSTSSONQ, D. VASILYEVg, K. MEDIANIKQ, G. BRENNERZ, S. DZIARZHYTSKIZ,
H. REDLINZ, J. HAUERw, P. XIANIO, M. DENDZIKIO, S. DONGIO, L. RETTIGlO,

E DIEKMANNH, H.J. ELMEng, ]. DEMSARg, P. HOFMANNS, R. ERNSTORFERIO,
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Y. ACREMANN4, M. MARTINSI, G. SCH@NHENSEQ, W. WURTHI’Z, and K.

RossNaGeL>'! — 'IEXP, Univ. Hamburg — “DESY Hamburg — *EuXFEL Sch-
enefeld — *ETH Ziirich — *Univ. Aarhus — Surface Concept GmbH — "FZ
Jillich GmbH — ®Univ. Duisburg-Essen — Univ. Mainz — '°FHI Berlin —
"' CAU Kiel

Time-resolved PES with ultrafast pump and probe pulses is an emerging tech-
nique with wide application potential. Combining valence-band and core-level

spectroscopy with photoelectron diffraction in a single, ultra-efficient photoelec-
tron detection scheme for electronic, chemical and structural analysis requires
soft X-ray pulses of few 10 fs duration at some 10 meV spectral resolution. This
is feasible at high-repetition-rate FELs. We present an optimized, versatile setup
for the use at FLASH as well as a laboratory HHG source that combines short-
pulsed XUV/soft X-ray capabilities with a multidimensional recording scheme
for ultrafast photoemission studies of quantum materials.

0 55: Poster Session IV: Poster to Mini-Symposium: Machine learning applications in surface
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0551 Tuel3:30 P
Gaussian Approximation Potentials for Surface Catalysis *SINA
STOCKER", GABOR CsANYI’, KARSTEN REuTER?, and JoHANNEs T.
MaRGRAE"? — !Technische Universitit Miinchen, Germany — 2Fritz Haber
Institut der Max Planck Gesellschaft, Berlin, Germany — *University of Cam-
bridge, United Kingdom
Predictive-quality first-principles based microkinetic models are increasingly
used to analyze (and subsequently optimize) reaction mechanisms in heteroge-
neous catalysis. In full rigor, such models require the knowledge of all possible
elementary reaction steps and their corresponding reaction barriers. Unfortu-
nately, for complex catalytic processes (such as the generation of ethanol from
syngas) the number of possible steps is so large that an exhaustive first-principles
calculation of all barriers becomes prohibitively expensive.

To overcome this limitation, we develop a machine learned (ML) interatomic
potential to model syngas conversion on Rhodium. This ML potential can be
used to determine adsorption energies, geometries and reaction barriers for a
large number of adsorbates at a fraction of the computational cost of the under-
lying first-principles method. Specifically, we use the Gaussian Approximation
Potential (GAP) framework and explore iterative training and active learning to
minimize the number of reference calculations. Here, the particular challenge
lies in selecting representative configurations that adequately characterize the
reactivity of molecules on a surface. Different training approaches will be com-
pared.

0552 Tuel3:30 P
Materials genes of heterogeneous catalysis from clean experiments and AI
— eLucas FOPPAl’z, Luca M. GHIRINGHELLILZ, FrRANK Rosowsx13, ROBERT
SCHLOEGL1’4, ANNETTE TRUNSCHKEl, and MATTHIAS SCHEFFLER™? — !Fritz-
Haber-Institut der Max-Planck-Gesellschaft — “Humboldt-Universitit zu Berlin
— BASF SE — *Max-Planck-Institut fiir Chemische Energiekonversion
Heterogeneous catalysis is an example of a complex materials function, governed
by an intricate interplay of several processes, e.g. the dynamic re-structuring of
the catalyst material at reaction conditions and different surface chemical reac-
tions. Modelling the full catalytic progression via first-principles statistical me-
chanics is impractical, if not impossible. Instead, we show here how an artificial-
intelligence approach can be applied, even to an extremely small number of ma-
terials, to model catalysis and determine the key descriptive parameters (mate-
rials genes) reflecting the processes that trigger, facilitate, or hinder the catalyst
performance. We start from a consistent, unparalleled experimental set of “clean
data”, containing nine vanadium-based oxidation catalysts which were carefully
synthesized, fully characterized, and tested according to standardized proto-
cols.[1] By applying the symbolic-regression SISSO approach,[2,3] we identify
correlations between the few most relevant materials properties and their reac-
tivity. This approach highlights the underlying physico-chemical processes, and
accelerates catalyst design. [1] A. Trunschke, et al., Top. Catal. 63, 1683 (2020).
[2] R. Ouyang et al., Phys. Rev. Mater. 2, 083802 (2018). [3] R. Ouyang et al,, J.
Phys. Mater. 2, 024002 (2019).

0553 Tuel3:30 P
Artificial Intelligence controlls Nanocars across a racetrack — sBERNHARD
R. RAMSAUERI, OLIVER T. HOFMANNI, GRANT J. SIMPSONZ, and LEONHARD
GriLr? — !nstitute of Solid State Physics, Graz University of Technology, Aus-
tria — “Institute of Chemistry, University of Graz, Austria
At the world’s first nanocar race at CEMES-CNRS, in France, participants had to
direct a nanocar across a “racetrack” [1]. In order to control their nanocar, they
had to move it using the tip of a STM, albeit without making direct contact with
the nanocar.

The physics that govern the molecule’s movement and rotation is complex and
involves the interaction between the molecule and the tip as well as the molecule
and the substrate [2]. Thus, it requires some expertise from humans to manoeu-
vre the nanocar and predict the outcome of a performed action.

Here, we show how an artificial intelligence (AI) based on reinforcement
learning (RL) can be implemented to manipulate single molecules. The Al is im-
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plemented in the form of an off-policy RL algorithm, known as the Q-Learning.
In a prime example, the Al manoeuvres the nanocar with a success rate of 89%.
Our results can be the basis for more sophisticated techniques of molecular
manipulations which allow identification and relocation of single molecules at
will, building the basis for future bottom-up constructions of nanotechnology.
[1] Nature Rev. Mater. 2, 17040 (2017)
[2] Nature Nanotech. 12, 604 (2017)

0554 Tuel3:30 P

Configurational polaron energies using machine learning — eVIKTOR
BIRSCHITZKY, MICHELE RETICCIOLI, and CESARE FRANCHINI — University of
Vienna, Faculty of Physics
Polarons are quasiparticles formed by the coupling of excess charge carriers
with the phonon field. Polarons form preferentially at surfaces and have a wide
range of effects on the chemical and physical properties of the hosting material.!
First principles calculations of polarons conformational energies typically re-
quire large supercells and long molecular dynamics (MD) simulations, making
the modeling of multipolaron system within reasonable timescales very challeng-
ing. Here, we propose a supervised machine learning scheme based on kernel-
regression to solve this problem by learning single polaron energies for the proto-
typical oxygen-defective rutile TiO,_, (110) surface, where each oxygen vacancy
provides two excess electrons. To achieve accurate predictions on an ab initio
MD database of polaronic energies2 a descriptor has been developed, which em-
bodies the interactions between polarons with defects and other localized charge
carriers. Our results show that the proposed ML method is able to expand the
DFT database with energetically more favorable polaron configurations - im-
proving the convex hull construction - and that generalization at arbitrary po-
laron concentration and defect types is possible.

[1] C. Franchini et al., Polarons in Material, Nature Review Materials, (2021)

[2] M. Reticcioli et al., Formation and dynamics of small polarons on the rutile
TiO, surface, Physical Review B, (2018)

0555 Tuel3:30 P
Image-to-graph translation of atomic force microscopy images using graph
neural networks — eNIiko OINONENI, FEDOR URTEV1’2, ALEXANDER ILIN®,
Juro KanNara?, and Apam Foster>* — 'Department of Applied Physics,
Aalto University, Finland — *Department of Computer Science, Aalto Univer-
sity, Finland — > Graduate School Materials Science in Mainz, Germany — *WPI
Nano Life Science Institute, Kanazawa University, Japan
The atomic force microscope (AFM) is an important tool in nanoscale science
for imaging surfaces and molecules on surfaces. State-of-the-art AFM setups op-
erating in vacuum at low temperatures are able to resolve features on the scale of
individual atoms in molecules. However, the process of interpreting the result-
ing AFM images in some cases can be very challenging even for highly trained
experts in the field. We are working towards greater interpretability and greater
automation of the processing of AFM images using machine learning methods
[1]. We are currently exploring the possibility of directly predicting the atomic
structure of the sample as a graph using graph neural networks (GNN) [2]. We
propose a GNN model which, conditioned on an AFM image, iteratively con-
structs the graph of the sample molecule present in the AFM image, following
similar work by Li et al. [3]. This is still a work-in-progress, but our initial results
are showing promise.
[1] B. Alldritt et al. Sci. Adv. 6(9), eaay6913, 2020.
[2] P. W. Battaglia et al. arXiv:1806.01261.
[3] Y. Li et al. arXiv:1803.03324.

0556 Tuel3:30 P
Inverse problem to AFM imaging with iterative correction loop — *PrROKOP
HAPALAI, LAURI KURKIZ, Niko OINONENZ, FEDOR URTEVZ, FiLipro FEDERICI
Canova?, Juno KannaLa?, and Apam S. FosTER? — 1Department of Con-
densed Matter Theory, FZU AV CR, v.v.i. — *Department of Applied Physics,
Aalto University Espoo, Finland
In the last year we pioneered machine-learning methods for reconstruction of
molecular structure from high-resolution AFM images of non-planar organic
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molecules [1], which opens the way to broader application of this experimen-
tal technique for single-molecule analysis [2] e.g. in the pharmaceutical indus-
try. Nevertheless, the robustness of one-shot scheme relying on general-purpose
convolutional neural networks (CNN) seems limited as it discards physical in-
sight. We attempt to improve our method by integrating the CNN module to-
gether with an image simulation module and interatomic force-field into an iter-
ative feedback loop, which gradually improves the match between reference and
simulated image. Such a scheme, with a machine-learned model providing edu-
cated trial-move within a global optimization algorithm, can be possibly useful
also for solving other difficult inverse problems. [1] Alldritt B., et al., Sci. Adv.,
vol. 6, no. 9, p. Eaay6913. (2020) [2] Schuler, B., et.al. JACS, 137(31), 9870-9876.
(2015)

0557 Tuel3:30 P
Single-Atom Alloy Catalysts Designed by First-Principles Calculations and
Artificial Intelligence — ZHONG-KANG HANI, DEBALAYA SARKERI, RUNHAI
OUYANGZ, ALIAKSEI MAZHEIKA3, Y1 GA04, and *SERGEY V. LEVCHENKO! —
ISkoltech, Moscow, RU — 2Shanghai University, CN — 3Technische Univer-
sitaet Berlin, DE — 4Shanghai Advanced Research Institute, Chinese Academy
of Sciences, CN
Single-atom metal alloy catalysts (SAACs) have recently become a very active
new frontier in catalysis research. However, discovery of new SAACs is hindered
by the lack of fast yet reliable prediction of the catalytic properties of the sheer
number of candidate materials. In this work, we address this problem by apply-
ing a compressed-sensing data-analytics approach parameterized with density-
functional inputs. Besides consistently predicting high efficiency of the exper-
imentally studied SAACs, we identify more than two hundred yet unreported
promising candidates. Some of these new candidates are predicted to exhibit
even higher stability and efficiency than the reported ones. Our study demon-
strates the importance of breaking linear relationships to avoid bias in catalysis

design, as well as provides a recipe for selecting best candidate materials from
hundreds of thousands of transition-metal SAACs for various applications. In
addition, we demosntrate how the data-mining approach subgroup discovery
can be used to obtain a qualitative understanding of complex symbolic regres-
sion models.

0558 Tuel3:30 P
Automated Tip Functionalization and Image interpretation with Machine
Learning in Atomic Force Microscopy — BENJAMIN ALLDRITTI, CHEN XUI,
Proxkor HAPALAZ, ONDRE] KRE]CII, «FEDOR URTEVI, FiLirpo FEDERICI
CANOVA1’3, Juno KANNALAl, PETER LILIEROTHI, and Apam FosTEr"™® —
! Aalto University, Espoo, Finland — 2Czech Academy of Sciences, Prague,
Czechia — *Nanolayers Research Computing Ltd., London, UK — *Graduate
School Materials Science in Mainz, Germany — SWPI Nano Life Science Insti-
tute, Kanazawa, Japan
Atomic force microscopy (AFM) is ubiquitous nanoscale characterisation tech-
nique to measure a 3D map of surface roughness at atomic resolutions [1]. AFM
data interpretation and quantitative analysis for complex mixtures of molecules
and bulky 3D molecules can be difficult [2], due to the complex nature of con-
trast in AFM images, and need significant acceleration and automation to make
AFM technique available to a wide range of laboratories and clinics. Here, we in-
troduce a machine learning (ML) approach both for the preparation of AFM ex-
periments and for data interpretation in AFM. For the first objective our method
involves a convolutional neural network (CNN) that has been trained to analyse
the quality of a CO-terminated tip. For the interpretation of AFM images, we
introduce ML image descriptors characterising the molecular configuration, al-
lowing us to predict the molecular structure directly. [1] L. Gross et al., Science,
vol. 325, no. 5944, (2009). [2] O. M. Gordon and P. J. Moriarty, Mach. Learn.
Sci. Technol., vol. 1, no. 2, (2020).

0 56: Key Note IV

Time: Tuesday 15:30-16:00

Plenary Talk 056.1 Tuel5:30 RI1
Meta-stable intermediates of OER catalysis: connecting their time-resolved
spectra to thermodynamic descriptors — ¢TaNjA CUK, ILYA VINOGRADOV, AR-
ITRA MANDAL, SURYANSH SINGH, and HANNA LYLE — University of Colorado,
Boulder, Boulder USA

The intermediate steps of catalytic mechanisms are challenging to identify ex-
perimentally, but are critical to understanding the speed, stability, and selectiv-
ity of product evolution. In the laboratory, we employ photo-triggered vibra-
tional and electronic spectroscopy to time-resolve the catalytic cycle at a sur-
face, identifying meta-stable intermediates and critical transition states which
connect one to another. The focus is on the highly selective oxygen evolution

Location: R1

reaction (OER) at the semiconductor (SrTiO3)-aqueous interface, triggered by
an ultrafast light pulse in an electrochemical cell. A short summary of past work
will be given, which resolved the structure and picosecond formation kinetics of
the first meta-stable electron-transfer intermediates (Ti-OH*) of OER. The main
topic will concern the recent results that connect the time-resolved kinetics to a
thermodynamic free energy difference, (Delta G (OH¥)), often used to differen-
tiate the activity of materials. In particular, a Langmuir isotherm as a function
of electrolyte pH extracts an effective equilibrium constant for this reaction step
using a principal component analysis of the optical spectra. In so doing, reaction
conditions that shift equilibria of separable catalytic steps become an important,
independent axis to the time & energy axes of the spectroscopy.

0 57: Key Note V

Time: Wednesday 10:00-10:30

Plenary Talk 057.1 Wed10:00 RI1
Tunneling spectroscopy of magnetic adatoms on superconductors —
*KATHARINA J. FRANKE — Freie Universitit Berlin, Berlin, Germany
Magnetic atoms on superconductors induce an exchange coupling, which leads
to states within the superconducting energy gap. We probe these so-called Yu-
Shiba-Rusinov (YSR) states of individual adatoms on a Pb surface by scanning
tunneling spectroscopy [1]. When the adatoms are brought into sufficiently close
proximity, the YSR states hybridize [2] and may lead to the formation of topo-
logical states in extended adatom chains [3].

Single-electron tunneling through YSR states requires relaxation of the ex-

Location: R1

cited state. At strong tunnel coupling, thermal relaxation is not sufficiently fast
and resonant Andreev processes become the dominant tunneling process. We
obtain direct evidence of these two transport regimes by inserting GHz radia-
tion into the STM junction and analyzing the photon-assisted tunneling maps
[4,5].

1] M. Ruby, et al., Phys. Rev. Lett. 117, 186801 (2016).
2] M. Ruby, et al., Phys. Rev. Lett. 120, 156803 (2018).
3] S. Nadj-Perge, et al., Science 346, 602 (2014).
4] O. Peters, et al., Nature Phys. 16, 1222 (2020).

5] S. Acero Gonzalez, et al., Phys. Rev. B 102, 045413 (2020).

0 58: Mini-Symposium: Molecular scale investigations of liquid-vapor interfaces Il

Time: Wednesday 10:30-12:30

Invited Talk 0581 Wed10:30 RI1
Simulating interfacial water with neural network potentials — «CHRISTOPH
DELLAGO', OLIVER WOHLFAHRT', and MARCELLO SEGA> — 1University of
Vienna, Faculty of Physics, Vienna, Austria — 2Forschungszentrum Jiilich,
Helmboltz Institute Erlangen-Niirnberg for Renewable Energy, Niirnberg, Ger-
many
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The strong, directed network of hydrogen bonds of water lies at the heart of
its rich phase diagram and numerous anomalous properties and is responsible
for the peculiar structure of its liquid/vapor interface. Detailed insights into
the molecular structure and dynamics of bulk and interfacial water have been
gleaned from first principles simulations, which provide an unbiased description
of water at the atomic level and yield information on the underlying molecular
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forces. However, the computational cost of such simulations is still daunting,
particularly for interfacial systems that require relatively large systems sizes as
they suffer from finite size effects more than bulk systems. Recently, artificial
neural networks have been proposed to overcome these limitations, yielding the
accuracy of first principles simulations at a fraction of their computational cost.
In this talk, I will report on the structural and thermodynamic properties of the
water/vapor interface obtained using a neural network potential trained for bulk
and interfacial water. In particular, I will discuss the liquid/vapor coexistence
curve and its size dependence as well as the structure of the interface in terms of
density profiles and molecular orientations.

0582 Wed11:00 Rl
Modelling solvation at dielectric interfaces — eJaxoB FILSER', MARKUS
SINSTEINI, KONSTANTIN IAKOBI, KARSTEN REUTERZ, and HARALD
OBerHOFER! — !Technische Universitit Miinchen — *Fritz-Haber-Institut
der Max-Planck-Gesellschaft
Modelling solvation effects is a complex challenge in molecular simulations. The
difficulty lies in unravelling classical electrostatic, quantum mechanical, nuclear,
entropic and other free energy contributions in liquid systems. In reality these
contributions interact with each other and a simplistic separation is not possi-
ble. Modelling this full complexity by accounting for all relevant degrees of free-
dom explicitly is often computationally intractable. Therefore, approximations
are necessary. The family of implicit solvation models treats only the solute on
an explicit, atomistic level and summarizes the degrees of freedom of all or all
but few solvent molecules in a structurless dielectric medium.

The presence of dielectric interfaces in the system further complicates things.
Different models which predict similar energies in bulk solvent can predict sub-
stantially different behaviour at a dielectric interface. We systematically con-
struct a method which can implicitly model dielectric interfaces. It describes
a solvent only by three parameters, the first of which is experimentally known:
The relative permittivity, a dimensionless interaction distance and an effective
interfacial tension with the explicit system. First predictions are compared to
experimental results as well as predictions from explicit solvent models for an
octanoic acid surfactant on water droplets.

Invited Talk 0583 Wed11:20 Rl
Surface activity of hydroxide and the hydrated proton — «ELLEN BACkUS —
Institut fiir Physikalische Chemie, Wien, Osterreich — Max-Planck-Institute fiir
Polymerforschung, Mainz, Deutschland

The behavior of hydroxide and hydrated protons, the auto-ionization products
of water, at surfaces is important for a wide range of applications and disciplines.
Despite of its importance, the likelihood of surface adsorption of either of those
two ions is controversially discussed in literature. By determining the onset con-
centration of surface adsorption at the water-air surface of hydrated protons and
hydroxide ions, we can determine the relative surface-activity. To this order, we
perform surface-sensitive vibrational sum frequency generation spectroscopy -
basically providing the vibrational spectrum of just the interfacial layer - on the
O-H stretch vibration. We will discuss how spectral changes in the response
from hydrogen bonded molecules can be related to the surface adsorption of the
hydrated ions. Moreover, changes in the spectral signature of the so-called free
OH molecule sticking out in the air are used to determine the adsorption free
energy of the proton.

0584 Wedl11:50 RI1
Vibrational Dynamics of Interfacial Ice Ih and Liquid Water — <PRERNA
SUDERA!, JENEE D. CyYRAN?, MALTE DEISEROTH!, MARC-JAN VAN ZADEL', Mi1s-
cHa Bonn', and ELLEN Backus® — ' Max Planck Institute for Polymer Research,
Mainz, Germany — ZBaylor University, Waco, Texas, USA — 3University of Vi-
enna, Vienna, Austria
The dynamics of vibrational energy relaxation and dissipation at surfaces of
aqueous systems is relevant for chemical conversion occurring at the surface of
those systems: the energy flow pathways determine the likelihood of a reaction
taking place on the surface. Subtle differences in energy dissipation mechanism
can account for different photo-chemical activities of water and ice surfaces, rel-
evant for atmospheric processes. We excite water and ice at 3100 and 3300 cm-1,
the low- and high-frequency regions of the water stretch band, with femtosec-
ond infrared excitation pulses of 150 cm-1 bandwidth and probe over the en-
tire O-H stretch region with Sum Frequency Generation spectroscopy. Our re-
sults show extremely rapid spectral diffusion for both ice and water on sub-100
fs timescales, before vibrational relaxation and thermal redistribution of excess
energy on several hundreds of fs timescales. The non-hydrogen bonded water
molecules show relaxation dynamics on a picosecond timescale with ice being
slower than water. By comparing the observed relaxation dynamics of water
molecules at the surface of single-crystalline ice and the water-air interface, we
discuss the potential implications of the results for chemical dynamics at the two
surfaces.

0585 Wed12:10 Rl
Mass transfer of water at organic aerosol interfaces — «MaTUs E. DIVEKY,
MICHAEL GLEICHWEIT, SANDRA Roy, and RUTH SIGNORELL — Laboratory of
Physical Chemistry, ETH Ziirich, Vladimir-Prelog-Weg 2, CH-8093 Ziirich,
Switzerland
Interfacial mass transport plays a crucial role in defining growth rates of aerosols.
To properly assess the potential of aerosols to behave as condensation nuclei, it
is of paramount importance to unravel the kinetics of mass transport through
the interface. The important parameter defining the probability of a gas-phase
molecule accommodating to the surface upon collision is called mass accommo-
dation coeflicient. Despite the widespread relevance of accommodation coeffi-
cients, values for many important systems are still lacking.

We employ Photothermal Single-Particle Spectroscopy (PSPS) to investigate
the water accommodation on miscible organic aerosol particles. Such systems re-
main largely uncharted despite the abundance of organic matter and gas-phase
water molecules in the atmosphere. The PSPS technique combines photoacous-
tic spectroscopy with modulated Mie scattering performed simultaneously on a
single-particle level.

Through a careful droplet manipulation inside an optical trap, we study the
temperature and relative humidity dependence of the mass accommodation co-
efficient of water on organic miscible droplets. Our results hint at a negative
correlation between accommodation coefficient and temperature. Lastly, we ar-
gue that the PSPS technique can be used to restrict the lower limit of the mass
accommodation of water on liquid water.

0 59: Mini-Symposium: Coherent band structure engineering with light |

Time: Wednesday 10:30-12:30

Invited Talk
TBA — eNETANEL LINDNER — Technion, Haifa

059.1 Wed10:30 R2

0592 Wed11:00 R2
Electronic Liquid Gyro-Crystals — eILIYA ESINI’Z, GAURAV GUPTAZ, EREZ
BERG’, MARK RUDNER?, and NETANEL LINDNER* — !California Institute of
Technology, Pasadena, USA — 2Technion, Haifa, Israel — >Weizmann Institute
of Science, Rehovot, Israel — *University of Copenhagen, Copenhagen, Den-
mark
We show that coherent time-periodic driving can be used to induce non-
equilibrium correlated states with spontaneously broken symmetry in lightly
doped semiconductors. In the presence of a resonant driving field, the sys-
tem spontaneously develops quantum liquid crystalline order featuring extreme
anisotropy whose directionality rotates as a function of time. The phase transi-
tion occurs in the steady state of the system achieved due to the interplay between
the coherent external drive, electron-electron interactions, and dissipative pro-
cesses arising from the coupling to phonons and the electromagnetic environ-
ment. We obtain the phase diagram of the system using numerical calculations
that match predictions obtained from a phenomenological treatment and discuss
the conditions on the system and the external drive under which spontaneous
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symmetry breaking occurs. Our results demonstrate that coherent driving can be
used to induce novel non-equilibrium quantum phases of matter with dynamical
broken symmetry.

Invited Talk 0593 Wed11:15 R2
Engineering emergent states in quantum materials with classical and quan-
tum light — «MICHAEL SENTEF — Max Planck Institute for the Structure and
Dynamics of Matter, Hamburg

Light-matter coupling enables the coherent manipulation of quantum states.
For classical light, this is known as Floquet engineering, with potential appli-
cations ranging from engineered photon-photon interactions in Rydberg gases
to Floquet topological states in a variety of platforms. In the limit of quantum
light, quantum-electrodynamical cavities could enable the creation of polari-
tonic light-matter hybrid states, again ranging across platforms, from polaritonic
chemistry with molecules to cavity superconductivity in quantum materials.

In this talk, I will discuss the status of our understanding of light-matter en-
gineering of emergent states in quantum materials. I will show examples for the
manipulation of fundamental interactions (Hubbard U) and their potential role
in experiments on light-induced superconductivity [1,2] and dynamical phase
transitions [3,4] driven by classical light, and discuss the quantum-to-classical



Surface Science Division (O)

Wednesday

crossover of Floquet engineering of the spin-exchange interaction [5].

[1] Buzzi et al., Phys. Rev. X 10, 031028 (2020). [2] Tindall et al., Phys. Rev.
Lett. 125, 137001 (2020). [3] Tancogne-Dejean et al., Phys. Rev. Lett. 121,
097402 (2018). [4] Beaulieu et al., arXiv:2003.04059. [5] Sentef et al., Phys. Rev.
Research 2, 033033 (2020).

0594 Wed11:45 R2
Tracking topological signatures by time- and angle-resolved photoemission
spectroscopy — sMICHAEL SCHULER — Stanford Institute for Materials and En-
ergy Sciences (SIMES), SLAC National Accelerator Laboratory, Menlo Park, CA
94025, USA
The impressive progress in high-resolution and multi-dimensional angle-
resolved photoemission (ARPES) allows insights into the nature of the quan-
tum states in the solid itself. We will discuss how topological properties are
manifest in circular dichroism in ARPES. Based on state-of-the-art calculations,
we demonstrate how momentum-resolved Berry curvature can be mapped out
for prototypical two-dimensional materials. Furthermore, topological proper-
ties can be induced by tailored light. However, realizing the induced Floquet-
Chern insulator state and tracing clear experimental manifestions has been a
challenge. We tackle this gap between theory and experiment by employing mi-
croscopic nonequilibrium Green’s functions (NEGF) calculations including real-
istic electron-electron and electron-phonon scattering. Combining our nonequi-
librium calculations with an accurate one-step theory of photoemission allows
us to establish a direct link between the build-up of the topological state and the
dichroic pump-probe photoemission signal.

059.5 Wed12:00 R2
Electromagnetic dressing of the electron energy spectrum at high momenta
— eDAvID SCHMITTI, MARIUS KEUNECKEI, MARCEL REUTZELI, ALEXANDER
OSTERKORNZ, TRIDEV A. MISHRAZ, CHRISTINA M(‘jLLERl, ‘WIEBKE BENNECKEI,
G. S. MATTHIJS ]ANSENI, DANIEL STEILI, SALVATORE R. MANMANAZ, SABINE
STEIL', STEFAN KEHREIN?, and STEFAN MaTHIAS! — 1. Physikalisches Institut,
Georg-August-Universitidt Géttingen, Gottingen, Germany — Institut fiir The-
oretische Physik, Georg- August-Universitit Gottingen, Gottingen, Germany

The coherent manipulation of quantum states is a promising route towards new
emerging phases of solids. The concept of Floquet engineering has been used
in various theoretical approaches. However, the experimental identification of
such light dressed eigenstates is challenging. In this contribution, we discuss
the generation of photon dressed sidebands throughout the full surface Bril-
louin zone when probed with two-color time- and angle-resolved photoelectron
spectroscopy. We put special focus onto the differentiation of the laser-assisted
photoelectric effect, the generation of Flouget-Bloch bands, and scattering am-
plitude between both cases at large in-plane momenta, i.e. at the edges of the
surface Brillouin zone.

059.6 Wed12:15 R2
Time-Resolved Plasmoemission Spectromicroscopy — ePASCAL DREHER,
DAVID JANOSCHKA, JAN-HENRIK HERRIG, MICHAEL HORN-VON HOEGEN, and
FRANK MEYER zU HERINGDORF — Faculty of Physics and Center for Nanointe-
gration, Duisburg-Essen (CENIDE), University of Duisburg-Essen, 47048 Duis-
burg, Germany
Photoemission in intense light fields has received a lot of attention in the past
and the coherent interaction of electrons with the field after the emission pro-
cess has been revealed. Within a solid, strong nonperturbative interactions of
the intense driving light field with the electronic band structure can also occur
under suitable driving conditions. Ultimately, observing such dressing of elec-
tronic bands by light requires electronic state resolution as well as precise control
over the intense periodic driving field.

Here, we explore nanofocusing of femtosecond surface plasmon polariton
(SPP) pulses on flat surfaces in combination with time- and angle-resolved pho-
toemission spectromicroscopy as a possible route towards strong-field control
over electronic states within a solid. We observe coherent nonlinear electron
emission from the Au(111) Shockely surface state into SPP-dressed free-electron
final states by the absorption of up to seven SPP quanta. The ponderomotive shift
of the observed electron spectra is used to determine the transient field strength
in the nanofocus. We present first results on time-resolved plasmoemission spec-
troscopy, which provides us with direct access to the coherent nonlinear dynam-
ics of electrons within the intense SPP nanofocus.

0 60: Mini-Symposium: Dzyaloshinskii-Moriya Interaction (DMI) in magnetic layered systems |

Time: Wednesday 10:30-12:30

Invited Talk 060.1 Wed10:30 R3
Rashba effect and chiral magnetism: some insights from density functional
theory — «GusTAV BIHLMAYER — Peter Griinberg Institut (PGI-1) and Institute
for Advanced Simulation (IAS-1) Forschungszentrum Jilich, D-52425 Jiilich,
Germany
Both, the Rashba effect and the Dzyaloshinskii-Moriya interaction (DMI) rely
on inversion symmetry breaking and spin-orbit coupling (SOC) effects. While
the qualitative behavior of both is easily described on a model level, quantitative
insights in strength and sign are not so easy to obtain. Density functional theory
(DFT) offers an effective tool to study these effects on an ab initio level. E.g. it
was found that oxygen coverage changes both, the sign of the Rashba constant
on a metal surface [1], and that of the DMI in a magnetic thin film [2]. We
shortly discuss the interplay of magnetism and the Rashba effect and questions
about the size and sign of the Rashba constant. These findings will be connected
to recent models on so-called Rashba- and SOC-mediated DMI. DFT calcula-
tions of simple trilayer systems based on a Co/Pt interface show that the DMI
can not only vary by a factor of 2 — 3, but also change sign depending on the
inclusion of a third element [3]. We acknowledge discussions and collaborations
with H. Jia, B. Zimmermann, and M. Hoffmann and funding by the Deutsche
Forschungsgemeinschaft (DFG) through SPP 2137 “Skyrmionics”

[1] O. Krupin et al., New J. Phys. 11, 013035 (2009)

[2] A. Belabbes et al., Sci. Rep. 6, 24634 (2016)

[3] H. Jia et al., Phys. Rev. Mater. 4, 024405 (2020)

Invited Talk 060.2 Wed11:00 R3
Synthetic chiral magnets and domain wall logic circuits — *PIETRO GAM-
BARDELLA — Department of Materials, ETH Zurich

The ability to engineer the interactions in assemblies of nanoscale magnets is
central to the development of artificial spin systems and spintronic technolo-
gies. Following the emergence of the Dzyaloshinskii-Moriya interaction (DMI)
in thin film magnetism, new routes have been opened to couple nanomagnets via
strong chiral interactions, which is complementary to the established dipolar and
exchange coupling mechanisms. In this talk, we show how two-dimensional syn-
thetic antiferromagnets, skyrmions, and artificial spin systems can be realized by
simultaneous control of the DMI and magnetic anisotropy in ultrathin magnetic
films. In addition, we show that the combination of DMI and current-induced
spin-orbit torques can be exploited to achieve field-free switching of synthetic
magnetic elements as well as all-electric operation of domain wall logic circuits.

68

Location: R3

Invited Talk 0603 Wed11:30 R3
Zero-field magnetic skyrmions in model-type systems studied with STM —
«KIRSTEN VON BERGMANN — Department of Physics, University of Hamburg,
Germany

Magnetic skyrmions can be stabilized in thin films by interface-induced
Dzyaloshinskii-Moriya interactions that compete with exchange interactions.
Such skyrmions can become lowest energy states in applied magnetic fields but
are often only metastable configurations in zero magnetic field.

We have studied the magnetic properties of two different ultra-thin magnetic
film systems on Ir(111) using spin polarized STM [1]. Depending on the material
properties we find both zero-field skyrmions that are stabilized by neighboring
skyrmions or by the rim of the film, and isolated zero-field skyrmions [2,3]. In
both systems these skyrmions can be found in the virgin state, meaning that up-
and down-skyrmions can coexist. Ab-initio calculations in combination with
spin dynamics simulations shed light on the origin, and different stabilization
mechanisms are revealed for the two different film systms.

[1] K. von Bergmann et al., J. Phys.: Cond. Mat. 26, 394002 (2014).

[2] S. Meyer et al., Nature Commun. 10, 3823 (2019).

[3] M. Perini et al., Phys. Rev. Lett. 123, 237205 (2019).

Invited Talk 0604 Wed12:00 R3
Spin Orbit driven effects in Graphene-FM systems — ePAOLO PERNA —
IMDEA Nanociencia, 28049 Madrid, Spain

A major challenge for future spintronics is to develop suitable spin transport
channels with superior properties such as long spin lifetime and propagation
length. Graphene can meet these requirements, even at room temperature [1],
but other active properties, such as magnetic order and large spin-orbit coupling
(SOC), need to be incorporated into graphene [2]. Taking advantage of the fast
motion of perpendicular magnetic anisotropy (PMA) chiral spin textures can
satisfy the demands for high-density data storage, low power consumption and
high processing speed [3], while the presence of graphene enables the possibility
to electrically tune the magnetic properties [4]. Here, I report on high quality,
epitaxial graphene/Co(111)/HM(111) stacks grown on (111)-oriented insulat-
ing oxide crystals which exhibit enhanced PMA for Co layers up to 4 nm thick
and left-handed Néel-type chiral DWs stabilized by interfacial Dzyaloshinskii-
Moriya interaction (DMI) localized at both graphene/Co and Co/HM interfaces
with opposite sign [4,5]. While the DMI at Co/HM side is due to the intrinsic
SOC, the sizeable DMI experimentally found at the Gr/Co interface has Rashba
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origin [5]. The active magnetic texture is protected by the graphene monolayer
and stable at 300 K in air, and, since it is grown on an insulating substrate,
amenable to be controlled electrically [3]. [1] Nat. Nanotech. 9, 794 (2014). [2]

Nat. Nanotech. 8, 152 (2013). [3] https://nanociencia.imdea.org/sographmem/
[4] Nano Lett. 18(9), 5364 (2018). [5] ACS Appl. Mat.&Int., 12, 4088 (2020).

O 61: Poster Session V: Oxide and insulator surfaces: Structure, epitaxy and growth |

Time: Wednesday 10:30-12:30

061.1 Wed10:30 P
High Pressure Oxidation of Copper on Au(111) - A Route towards Bulk-
like Cuprous Oxide Films — ¢« ALEXANDER GLOYSTEIN' , CLAUDINE NOGUERAZ,
JACEK GoNtakowski®, and Nikras NiLius' — !Carl von Ossietzky University,
Institute of Physics, D-26111 Oldenburg, Germany — 2CNRS-Sorbonne Uni-
versity, UMR 7588, INSP, F-75005 Paris, France
As low-pressure oxidation is inefficient to grow Cu20 films of more than mono-
layer thickness, Cu slabs were oxidized on Au(111) at 50 mbar of oxygen. The
procedure results in bulk-like Cu20 films with (111) termination, as concluded
from XPS, LEED and STM. Their surface shows a (sqrt3 x sqrt3)R30° recon-
struction, also known from bulk crystals. Using DFT, it is assigned to an array of
Cu40 nano-pyramids that occupy every third Cu-O six ring of the bulk-cut (111)
surface and remove the majority of its dangling bonds. Electronically, the films
exhibit a p-type conductance behavior with the valence-band maximum located
directly at EF. At high temperature, the films decay into Cu20(111) crystallites
and a Cu302 surface oxide, the latter resembling the Cu-O monolayer formed
upon low-pressure Cu oxidation.

0612 Wed10:30 P
First-Principles Characterisation of the Diamond(110) Surface Oxygena-
tion State — eSHAYANTAN CHAUDHURII, SAMUEL HALLI, BENEDIKT KLEINl’z,
ANDREW LOGSDAIL3, JULIE MACPHERSONl, and REINHARD MAURER' —
1University of Warwick, Coventry, United Kingdom — *Diamond Light Source,
Didcot, United Kingdom — >Cardiff University, Cardiff, United Kingdom
Diamond is a material that possesses numerous properties and has applications
in a variety of fields. When grown via chemical vapour deposition, the growth
rate of the (110) face is typically much faster than the other two dominant crys-
tallographic orientations: (111) and (100). Due to its fast growth rate, both poly-
crystalline and nanocrystalline diamond have been shown to have a predominant
(110) texture. Despite the (110) surface having so much apparent importance,
there has been a lack of both experimental and theoretical studies on this surface.
Diamond surfaces are typically cleaned in a way prior to use that renders their
surfaces oxygen-terminated, which can have numerous effects on the properties
exhibited by the diamond. For this reason, it is important to be able to deter-
mine the oxygenation state of the (110) surface. Using density functional theory,
we determine that the phase diagram of the diamond(110) surface is dominated
by a highly stable phase of coexistent carbonyl and ether groups, while perox-
ide groups become more stable at lower temperatures and higher pressures. Our
findings are corroborated by comparing simulated core-level binding energies
and vibrational frequencies to experiment.

0613 Wed10:30 P

Surface reconstructions: challenges and opportunities for the growth of per-
ovskite oxides — GIADA FRANCESCHI, MICHAEL SCHMID, ULRIKE DIEBOLD,
and sMICHELE Riva — Institute of Applied Physics, TU Wien, Austria
Achieving atomically flat and stoichiometric films of complex multicomponent
oxides is crucial for integrating these materials in emerging technologies. While
pulsed laser deposition (PLD) can in principle produce these high-quality films,
experiments often show rough surfaces and nonstoichiometric compositions.

To understand the cause, we follow the growth at the atomic scale from its early
stages, using STM. We focus on SrTiO;(110) and LaggSry,MnO;(110) films.
For both, the non-stoichiometries introduced during growth accumulate at the
surface. As a result, their surface structure evolves along phase diagrams of sur-
face structure vs. composition [1,2,3]. This can drastically degrade the surface
morphology: pits develop on reconstructed areas with different sticking [4]; ill-
defined oxide clusters nucleate when the non-stoichiometry introduced is too
large to be accommodated in the surface by changing its structure. On the pos-
itive side, one can take advantage of the high sensitivity of surface structures to
composition deviations to grow films with thickness of several tens of nanome-
ters retaining atomically flat surfaces, and with stoichiometry control better than
0.1% [1].
[1] Phys. Rev. Mater. 3, 043802 (2019). [2] J. Mater. Chem. A 8, 22947 (2020).
[3] arXiv:2010.05205 (2020). [4] Phys. Rev. Res. 1, 033059 (2019).
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0614 Wed10:30 P
Thermal (in)stability of the bulk-terminated SrTiO;(001) surface — <IGORrR
SOKOLOVIél, GIADA FRANCESCHII, ZHICHANG WANGI, JiAN XUI, JiRE
PaviLec', MICHELE Riva', MicHAEL Scemip!, ULRIKE DiEBOLD', and MAR-
1IN SETVIN'? — lInstitute of Applied Physics, TU Wien, Vienna, Austria —
ZFaculty of Mathematics and Physics, Charles University, Prague, Czech Repub-
lic
The assumption of bulk-terminated perovskite oxide surfaces is common in most
studies in literature, mostly based on (1x1) diffraction patterns observed in
LEED or RHEED. The same is true for the prototypical SrTiO3(001) perovskite
surface, but the only direct evidence of an unreconstructed SrTiO3(001) surface
comes from our previous study [1], where it was obtained by cleaving single
crystals, and studying the atomically flat surfaces with ncAFM. These surfaces
consist of both (1x1)-terminated SrO and TiO, terminations, each covered with
intrinsic polarity-compensating point defects. Neither of these two terminations
is stable upon heating to 500 °C in UHYV as clearly shown by ncAFM, despite the
(1x1) LEED pattern and no shifts in XPS [2]. The (1x1) termination was also
not observed by ncAFM on TiO,-terminated surfaces prepared by traditional
wet-chemistry, which likewise exhibit the (1x1) LEED pattern [2]. These clear
evidence that the (1x1) LEED diffraction patterns can originate from subsurface
layers below a disordered surface should be taken into account, since the com-
mon assumption of a pristine and unreconstructed SrTiO;(001) might not be
warranted. [1] Sokolovi¢ et al., Phys. Rev. Mater. 3, 034407 (2019), [2] Sokolovi¢
et al., arXiv:2012.08831 (2020).

061.5 Wed10:30 P
Role of apical oxygen in oxide thin films — <JupITH GaBeL!, MATTHIAS
PICKEMZ, PHILIPP SCHEIDERER3, MARIUS FUCHs3, BERENGAR LEIKERT3, MAR-
TIN STI'JBINGER3, LENART DUDY4, JaN M. TOMCZAKZ, GIORGIO SANGIOVANNI3,
KARSTEN HELDZ, TiEN-LIN LEEl, MICHAEL SING3, and RaLPH CLAESSEN® —
! Diamond Light Source, United Kingdom — TU Wien, Austria — >Universitit
Wiirzburg, Germany — 4Synchrotron SOLEIL, France
Owing to their complex phase diagram, transition metal oxides are an interest-
ing playing field for fundamental research but also open up a gateway to novel
electronic functionalities. Oxide thin films are of particular importance as they
bring along additional parameters to tune the phase diagram. The films are
commonly assumed to be stoichiometric and to have an abrupt surface. Using
the example of the prototypical correlated metal SrVO;, we demonstrate here
that this description overlooks an essential ingredient, apical oxygen adsorbing
at the surface, which has to be considered for an accurate description of oxide
thin films. The oxygen adatoms, which form even under UHYV, change the film
stoichiometry and are shown to severely alter the intrinsic electronic structure.
They can affect the doping level of the film as well as the energetic order of the
atomic orbitals and may lead to the formation of an electronically and magneti-
cally dead surface layer. We demonstrate that, in the presence of apical oxygen,
the thickness-dependent metal-insulator transition observed in SrVO; can no
longer be categorized as a purely bandwidth-controlled Mott transition as pre-
viously understood.

061.6 Wed10:30 P
A Large Unit Cell Quasicrystal Approximant derived from SrTiO; on
Pt(111): ALEED, STM and STS Study — «OLIVER KRAHN, SEBASTIAN SCHENK,
STEFAN FORSTER, and WOLF WIDDRA — Martin-Luther-Universitdt Halle-
Wittenberg, Halle, Germany
The discovery of a two-dimensional dodecagonal oxide quasicrystal (OQC)
formed from BaTiO; on Pt(111) has pushed the field of ultrathin ternary ox-
ides on metal supports [1]. The OQC structure is based on atomic arrange-
ments in vertices of triangles, squares and rhombuses. Periodically repeated
patches of the OQC tiling are known as approximants. In this contribution, we
present the largest approximant observed so far, emerging in ultrathin SrTiO3 on
Pt(111), homogenously covering the entire substrate surface. As derived from
low-temperature scanning tunneling microscopy (STM) and low-energy elec-
tron diffraction (LEED), its unit cell spans an area of (44 x 43)A2. Inside the
unit cell, 48 Ti atoms are seen by STM, which form the vertices of 48 triangles,
18 squares and 6 rhombuses. Interestingly, this structure can be understood as
a unit cell doubling of a previously reported approximant resulting from a glide
mirror symmetry [2]. Detailed studies of the electronic structure by scanning
tunneling spectroscopy (STS) reveal the metallic behaviour of the film around
the Fermi energy and the independence of the local electronic structure from
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different vertex configurations in the unoccupied states regime.
[1] S. Forster, O. Krahn et al., Phys. Status Solidi B 257, 1900624 (2020)
[2] S. Schenk et al., J. Phys.: Condens. Matter 29, 134002 (2017)

061.7 Wed10:30 P
Subtle differences between periodic and aperiodic 2D ternary oxides deter-
mined from photoemission spectroscopy — eLo1 VINH TRAN, MANIRA] MA-
HALINGAM, OLIVER KRAHN, STEFAN FORSTER, and WOLF WIDDRA — Institute
of Physics, Martin-Luther-Universitidt Halle-Wittenberg, Halle, Germany
The discovery of oxide quasicrystals (OQCs) in two-dimensional ternary oxides
on metal support has triggered many studies in this field in recent years [1,2].
Here, for the first time, the single-phase preparations of approximants in a peri-
odic hexagonal wagon-wheel structure (WW) and a six-membered ring (6Net)
network structure are reported, which are known from mixed phases [3]. This
enables a side-by-side comparison between the aperiodic OQC and two distinct
periodic superstructures of the same material by means of X-ray, UV photoemis-
sion spectroscopy (XPS, UPS). These periodic structures together with the OQC
system are distinguished in terms of stoichiometry, workfunction, and atomic
density measured by XPS, UPS and STM. Changes in workfunctions from 3.8,
via 4.0, to 4.2 eV for the OQC, WW, and 6Net structures, respectively, are ob-
served. On the other hand, XPS reveals a decreasing Ba:Ti ratio for the same
sequence of structures as well as the atomic density measured by STM. The im-
plications of these observations on different structural properties of BaTiO3 will
be discussed.

061.8 Wed10:30 P
Charge Deposition on SrTiO3 as a Model for Spacecraft Surface Charging
— eMIRCO WENDTI, FrANZISKA DORN' , REGINA LanGe! , JENS BERDERMANNZ,
INnGo BARKE!, and Syrvia SPELLER! — !Institute of Physics, University of Ro-
stock, 18059 Rostock, Germany — Institute for Solar-Terrestrial Physics, Ger-
man Aerospace Center (DLR), 17235 Neustrelitz, Germany
Differential charging due to high energy particle bombardment is a common
reason for hardware degradation and sensor errors in spacecrafts. As a model

for studying charge accumulation and dynamics, we propose SrTiO3, a trans-
parent oxide with charges deposited by utilising the electron beam of a scanning
electron microscope (SEM). In a first step, we show that charges deposited on
SrTiO3 (100) surfaces can be observed in ambient environment by force mi-
croscopy methods (AFM). Using a plate capacitor model [1], we also estimate
the total deposited charge and charge density. To meet the conditions at medium
earth orbit and to address more extended life times, in situ AFM-SEM studies in
UHYV environment are set up.
[1] A. Berkowitz, et al, Appl Phys Lett 74, 472 (1999)

0619 Wed10:30 P
Metal-supported two-dimensional ternary oxides: A case study of BaTiO, on
Pd(111) — «FRIEDERIKE WUHRL, SEBASTIAN SCHENK, OLIVER KRAHN, STEFAN
FORSTER, and WoLE WIDDRA — Institute of Physics, Martin-Luther-Universitat
Halle-Wittenberg, 06120 Halle, Germany
The discovery of a quasicrystalline phase in ultrathin films of BaTiO, (BTO) on
Pt(111) opened a new field of research on ternary oxides on metal substrates [1].
The dodecagonal oxide quasicrystal (OQC) shows up in a two-dimensional wet-
ting layer, for which atomically-resolved scanning tunneling microscopy (STM)
images show the Ti subgrid decorating the vertices of three tiling elements with
equal edge lengths: square, triangle and rhombus [2]. To elucidate the role of
the substrate on the formation of OQCs, we report here on a growth study of
ultrathin BTO films on Pd(111). Upon annealing in UHV at 930 K to 1030 K, re-
duced BTO forms long-range ordered two-dimensional layers encapsulating the
Pd substrate. In these wetting layers a series of structures has been identified by
means of STM and LEED. Depending on the preparation conditions, the differ-
ent structures follow triangle-rhombus, triangle-square or in case of the largest
ones triangle-square-rhombus tilings. They can be classified according to their
atom density per unit area. Although the largest unit cell, which covers an area of
(2.6 x 6.4) nm?, host a complex triangle-square-rhombus tiling, an aperiodically
ordered structure has not been detected on Pd(111).
[1] S. Forster et al., Nature 502, 215 (2013)
[2] S. Forster et al., Phys. Status Solidi B, 1900624 (2019)
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0621 Wed10:30 P
Plasmon-driven motion of an individual molecule — «Tzu-CHao HuNgG,
BrIAN KIRALY, JULIAN STRIK, ALEXANDER KHAJETOORIANS, and DANIEL WEG-
NER — Institute for Molecules and Materials, Nijmegen, The Netherlands
Combining scanning tunneling microscopy (STM) and spectroscopy (STS) with
STM-induced light emission, we demonstrate that nanocavity plasmons injected
a few nanometers away from a molecule can induce molecular motion. For
this, we studied the rapid shuttling motion of zinc phthalocyanine molecules
adsorbed on ultrathin NaCl films. Single-molecule luminescence spectra from
molecules anchored to a step edge were compared with isolated molecules ad-
sorbed on the free surface. We found that the azimuthal modulation of the Lamb
shift is almost two times larger compared to isolated molecules. A remotely in-
duced rapid shuttling motion of isolated molecules by plasmon-exciton coupling
can explain the difference. Plasmon-induced molecular motion may open an in-
teresting playground to bridge the nanoscopic and mesoscopic world by com-
bining molecular machines with nanoplasmonics to control directed motion of
single molecules without the need for a local probe.

0622 Wed10:30 P
Application of laser PEEM to a biological system: Geobacter sulfurreducens
— oFRANZ NIKLAS KNOOP, GERHARD LILIENKAMP, and WINFRIED DAUM —
Institute of Energy Research and Physical Technologies, TU Clausthal, Leibnizs-
trafle 4, 38678 Clausthal-Zellerfeld, Germany
Recently, multi-photon photoelectron emission microscopy (nP-PEEM) was
successfully applied to the spectromicroscopy of porphyrin thin films and
exciton-plasmon coupling in nanoplasmonic-porphyrin hybrid systems by tun-
ing the laser wavelength for multi-photon excitation in resonance with the
molecular S -> S, transition (Soret band) [1]. Here, we report on our laser-
PEEM study of a biological system, the bacterium Geobacter sulfurreducens.
This anaerobic bacterium features membrane-associated and extracellular cy-
tochromes containing iron porphyrins. In contrast to porphyrin films of ZnTPP
or MgTPP, near-Soret excitation of photoelectrons from Geobacter sulfurre-
ducens results in pronounced dependencies of the photoemission on irradiation
time indicating laser-induced, irreversible changes of the bacteria. An initial
decrease of the photoemission can be related to an irreversible photo-induced
oxidation of the cytochromes while a strong increase for longer periods of irra-
diation is shown to be caused by thermal effects. PEEM excitation spectra of the
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exposed bacteria also show the degenerative effect of the exciting laser pulses.
[1] K. Stallberg, G. Lilienkamp, W. Daum, J. Phys. Chem. C 121, 13833 (2017).

0623 Wed10:30 P
First-principles simulation of core-level spectroscopy to reveal the nature of
chemical bonding at metal-organic interfaces — «SAMUEL J. HALL, BENEDIKT
P. KLEIN, and REINHARD J. MAURER — Department of Chemistry, University of
Warwick, Coventry, United Kingdom
X-ray photo-emission spectroscopy XPS and near-edge adsorption fine struc-
ture spectroscopy (NEXAFS) experiments are routinely used to characterise the
chemical environment and the valence electronic structure of organic materi-
als and metal-organic interfaces. In the past, certain spectral changes upon ad-
sorption of molecules to surfaces have been connected to changes in chemical
bonding and charge distribution, however complex overlapping spectra of mul-
tiple species often complicate such an interpretation. Through the use of Density
Functional Theory (DFT) calculations, we study two molecular isomers, azulene
and naphthalene, adsorbed on three different metal(111) surfaces. These six sys-
tems fall into three distinct regimes of molecule-metal chemical bonding. Our
core-level spectroscopy simulations connect the changes seen in the spectra with
different levels of chemical bonding and decompose these signatures into initial
core state and final valence state contributions. We analyse the effect of charge
transfer, electronic hybridisation and dispersion effects, all with the aim to pro-
vide new insights to experimental spectral analysis.

0624 Wed10:30 P
Benchmarking ab-initio methods to predict non-adiabatic charge transfer
at metal-organic interfaces — «DANIEL CORKEN, NicHOLAS D.M. HINE, and
REINHARD J. MAURER — University of Warwick, Coventry , United Kingdom
State-resolved molecular beam scattering experiments have shown that small
molecules scattering from metal surfaces exhibit non-adiabatic behaviour
whereby charge is dynamically transferred from the metal to the molecule, cre-
ating a transient anion. Understanding chemical dynamics of molecule-metal
systems is essential for designing the next generation of heterogeneous catalysts.
Such dynamical non-adiabatic charge-transfer is not captured by ground state
Density Functional Theory or classical dynamics and the explicit anionic excited-
state and coupling constants between states need to be described. Metal-organic
interfaces feature a continuum of electronic states rendering conventional ex-
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cited state methods prohibitively expensive. Here we assess three approximate
and computationally efficient methods to predict excited states at metal sur-
faces: The use of an applied electric field, constrained DFT, and the linear-
expansion-Delta-Self-Consistent-Field method. For the prototypical system of
CO on Au(111), we compare the methods based on how accurately they pre-
dict excited-state energy landscapes and their computational efficiency and nu-
merical robustness, with the aim to identify an excited state method to perform
non-adiabatic dynamics simulations for charge transfer systems in the future.

0625 Wed10:30 P
How molecular composition affects molecular double bond switching at
metal surfaces: Azobenzene vs. Benzalaniline vs. Stilbene on Ag(111) —
«MaRTIN LEA!, DavID A. DUNCAN?, and REINHARD J. MAURER! — 1University
of Warwick, Coventry, United Kingdom, CV4 7AL — 2Diamond Light Source,
Didcot, United Kingdom, OX11 0DE.
Photoswitches are a class of organic molecules which have shown prevalence
within the field of nanotechnology; the ability to reversibly convert between
two geometric states as a response to light absorption has shown prospects for
molecular-based electronics applications, transistors, and storage devices. Inte-
gration of such organic molecules in devices requires adsorption upon a metal
surface, which often leads to quenching of the molecules switching ability. Ad-
sorption of the prominent photoswitch azobenzene upon metallic substrates has
shown that the switching behavior observed in both gas and solution phases does
not translate to the interface, as the surface modifies the energy landscape. In
this work we explore whether this same deactivation effect is consistent with
other similar molecular switch architectures. Using dispersion-corrected den-
sity functional theory, we explore the consequences of metal adsorption for a
series of homologic molecules with central double bonds of varying composi-
tion: azobenzene, benzalaniline and stilbene. We compare minimum energy
paths and electronic structure characteristics to unveil how molecular architec-
ture can affect switching capabilities at surfaces.

0626 Wed10:30 P
Application of periodic energy decomposition analysis to metallic systems —
¢JAN-NICLAS LUYl, BENEDIKT P. KLEINZ, J. MICHAEL GOTTFRIEDZ, and RALF
TonNer' — !Fakultit fiir Chemie und Mineralogie, Universitit Leipzig, Ger-
many — ZFachbereich Chemie, Philipps Universitat Marburg, Germany
The Energy Decomposition Analysis (EDA) is a wavefunction based bonding
analysis scheme that enjoys significant popularity in the molecular chemistry
community [1]. Recently the method has been extended to surfaces and solids
[2] and applied to organic surface chemistry [3]. It was shown that localized,
covalent bonds in a periodic system can be interpreted in a similar fashion as
their 0D molecular counterparts. Adsorption of organic molecules on transition
metal surfaces, however, requires a more nuanced description [4]. In addition
to covalent bonds, interactions are often characterized by large charge transfer,
polarization and dispersion contributions. While for many alternant aromats
dispersion dominates on Cu(111), orbital interactions can be identified in non-
alternant cases. With the more reactive Pt(111) surface, both types form strong
chemisorptive bonds that show donor/acceptor and shared-e” character.
[1] M. von Hopffgarten and G. Frenking, WIREs Comput Mol Sci 2012, 2, 43.
[2] M. Raupach, R. Tonner, J. Chem. Phys. 2015, 142, 194105.
[3] L. Pecher, S. Laref, M. Raupach and R. Tonner, Angew. Chem. Int. Ed. 2017,
56, 15150.
[4] B. P. Klein et al., Phys. Rev. X 2019, 9, 011030.

0627 Wed10:30 P
Imaging Charge Localization in a Conjugated Oligophenylene — ¢LAERTE
Patera™?, FABIAN QUECK', and JascHa Repp! — !Institute of Experimental
and Applied Physics, University of Regensburg, 93053 Regensburg, Germany —
2Department of Chemistry, Technical University of Munich, 85748 Garching,
Germany
Polaron formation in conjugated polymers has a major impact on their opti-
cal and electronic properties. In polyphenylenes, the molecular conformation
is determined by a delicate interplay between electron delocalization and steric
effects. Injection of excess charges is expected to increase the degree of conju-
gation, leading to structural distortions of the chain. Here we investigated at the
single-molecule level the role of an excess charge in an individual oligopheny-
lene deposited on sodium chloride films. By combining sub-molecular-resolved
atomic force microscopy with redox-state-selective orbital imaging, we charac-
terize both structural and electronical changes occurring upon hole injection.
‘While the neutral molecule exhibits a delocalized frontier orbital, for the cationic
radical the excess charge is observed to localize, inducing a partial planarization
of the molecule. These results provide direct evidence for self trapping of the
excess charge in oligophenylenes, shedding light on the interplay of charge lo-
calization and structural distortion.

0628 Wed10:30 P

Controlling long-distance motion of single molecules on Ag(111) —
«DoONATO CIVITA, GRANT J. SIMPSON, and LEONHARD GRILL — Institute of
Chemistry, University of Graz, Austria
The motion of single molecules adsorbed on solid surfaces is of fundamental im-
portance in various fields as heterogeneous catalysis, film growth processes, and
on-surface polymerization. However, the motion of adsorbed molecules is usu-
ally a diffusive process with random changes in the direction of motion, and thus
limited control. Here, we show how the motion of single di-bromo-ter-fluorene
molecules on a Ag(111) surface can be controlled over distances of more than
100 nm with picometric precision [1]. The molecule moves strictly in one di-
mension across the surface, driven by an interplay of van der Waals and electro-
static interactions, which are used to repel and attract the molecule. The large
spatial extension of the motion, and its astonishing confinement allow the direct
measurement of the molecular speed, and to realize a sender-receiver experi-
ment where a single molecule is transferred between two independent STM tips.
These results suggest how a single molecule may be aimed toward a stationary
target to study chemical reactions in relation to momentum and orientation of
the reagent.

[1] D. Civita, M. Kolmer, G. J. Simpson, A.-P. Li, S. Hecht, L. Grill, Control of
long-distance motion of single molecules on a surface, Science, Vol. 370, Issue
6519, pp. 957-960 (2020).

0629 Wed10:30 P
Controlled Manipulation of Single Molecules on an Ag(111) Surface — «JuLIA
LaNz, DoNATO CIvITA, and LEONHARD GRILL — Single Molecule Chemistry,
Institute of Chemistry, University of Graz
Thermal motion of molecules at surfaces is a stochastic process which makes
it complicated to control the molecular trajectory. Here, we have used scan-
ning tunneling microscopy under ultrahigh vacuum conditions to manipulate
individual molecules to move controllably across a flat Ag(111) surface, kept at
low temperatures of about 7 K. The controlled motion of single molecules gives
deeper understanding of the relation between molecular motion and the chem-
ical as well as geometrical properties of the molecules and the surface. Vertical
manipulation provides insight into the dependence of molecular motion on con-
formational changes. Upon lateral manipulation the molecules follow the STM
tip in a precise fashion. This occurs preferably in pairs, which will be discussed
in view of intermolecular interaction.
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063.1 Wed10:30 P
Quantifying the breakdown of electronic friction theory during molecular
scattering of NO from Au(111) — «CONNOR L. Box!, YAoLONG ZHANG?, RON-
GRONG YIN?, BIN ]IANGz, and REINHARD J. MAURER! — 1Department of Chem-
istry, University of Warwick, United Kingdom — *Department of Chemical
Physics, University of Science and Technology of China, Hefei, China
The multiquantum vibrational energy loss recorded during molecular scattering
from metallic surfaces is a testament to the breakdown of the Born-Oppenheimer
approximation. Vibrational state-to-state scattering of NO on Au(111) has been
one of the most studied examples in this regard, providing a testing ground for
developing various nonadiabatic theories. However, the exact failings compared
to experiment and their origin from theory are not established for any system be-
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cause dynamic properties are affected by many compounding simulation errors
of which the quality of nonadiabatic treatment is just one. We use a high dimen-
sional machine learning representation of energy and electronic friction tensor
to minimize errors that arise from quantum chemistry.[1,2] This allows us to
perform a comprehensive quantitative analysis of the performance of molecular
dynamics with electronic friction in describing state-to-state scattering. We find
that electronic friction theory accurately predicts elastic and single-quantum
energy loss, but underestimates multi-quantum energy loss and overestimates
molecular trapping at high vibrational excitation. Our analysis reveals potential
remedies to these issues. [1] R. Yin et al, J. Phys. Chem. Lett, 2019 [2] C. L. Box
et al, JACS Au, 2020
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0632 Wed10:30 P
Superoxide formation near DMSO/Cu(111) interfaces — ¢ANGELIKA
DeEMLING?, SaraH B King®, and Juria Staurer"? — !Institut fiir Chemie,
Humboldt-Universitit zu Berlin, Berlin — 2Fritz-Haber-Institut der MPG,
Berlin — *Department of Chemistry, University of Chicago, Chicago
DMSO is a common non-aqueous solvent with the potential to be used in
lithium-oxygen batteries due to its ability to catalyze the superoxide forma-
tion [1]. In this study we investigate the electron dynamics in DMSO films on
Cu(111) using time- and angle-resolved two-photon photoemission and disen-
tangle the individual steps of charge transfer leading to superoxide formation:
Electrons are injected from the metal to the DMSO, where they form small po-
larons on sub-picosecond time scales. The subsequent trapping extends the elec-
tronic lifetimes to several seconds [2]. Under co-adsorption of O, another in-
termediate state arises, whose binding energy is in good agreement with elec-
trochemical data of superoxide [3]. A phenomenological model reproduces the
time-dependent data and shows that trapped electrons act as precursors for the
superoxide. Further, our data suggests that more superoxide is formed on the
surface than in the bulk of DMSO after diffusion.
These results may contribute to a basic understanding of charge transfer pro-
cesses in novel battery systems.
[1] K. M. Abraham, J. Electrochem. 162, A3021 (2015)
[2] S. B. King et al., . Chem. Phys., 150, 041702 (2019)
[3] Donald T. Sawyer et al., J. Electroanal. Chem. 12, 90-101 (1966)

0633 Wed10:30 P

Investigations of polarons in hematite « — Fe,05(1102) by means of nC-
AFM and KMC — JEsUs REDONDOI, PAVEL KocANl, GIADA FRANCESCHIz,
FLORIAN KRAUSHOFERZ, MICHELE RIVAZ, GARETH S. PARKINSONZ, MICHAEL
SCHMIDZ, ULRIKE DIEBOLDZ, and MARTIN SETVIN'? — 1Faculty of Mathemat-
ics and Physics, Charles University, Prague, Czech Republic — *Institute of Ap-
plied Physics, TU Wien, Austria
Polarons are known to strongly influence the catalytic activity and the electronic,
magnetic and structural properties of transition metal oxides and halide per-
ovskites. The study of polaron formation and dynamics is fundamental to un-
derstanding the actual mechanisms and yields of catalytic reactions in these ma-
terials. A new method for the investigation of electron- and hole- polarons is
demonstrated. Charge carriers are injected with the atomic force microscope
(AFM) tip into the & — Fe,03(1102) surface. The injected charges form a cloud
of charged particles trapped in the lattice. This cloud expands due to electro-
static interactions and thermally activated polaron hopping. Controlled anneal-
ing the sample and characterization by Kelvin probe force microscopy (KPFM)
provides information on polaron dynamics that is compared to kinetic Monte
Carlo (KMC) simulations.

The work was supported by projects GACR 20-21727X and GAUK
Primus/20/SCI/009

0634 Wed10:30 P
Ultrafast lattice dynamics and microscopic energy flow in 3d ferromag-
nets — ¢DANIELA ZAHNI, FLORIAN ]AKOBSZ, Yoav WILLIAM WINDSORI,
HELENE SEILERI, THOMAS VASILEIADISI, Tim BUTCHER3, YINGPENG QII, Di1-
ETER ENGEL4, Unar ATXITIAZ, JaN VORBERGER3, and RALPH ERNSTORFER'
— Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195
Berlin, Germany — 2Freie Universitit Berlin, Arnimallee 14, 14195 Berlin, Ger-
many — 3Helmholtz-Zentrum Dresden-Rossendorf, Bautzner Landstrafle 400,
01328 Dresden, Germany — 4Max-Born—Institut, Max-Born-Strafle 2A, 12489
Berlin, Germany
The response of ferromagnets to laser excitation is governed by the interplay of
electronic, magnetic and lattice degrees of freedom. The lattice plays an impor-
tant role in the magnetization dynamics, since it drains energy from the electrons
and absorbs angular momentum. Here, we study the lattice response of the 3d
ferromagnets nickel, iron and cobalt directly using femtosecond electron diffrac-
tion. We compare the experimental results to spin-resolved DFT calculations
combined with energy flow models. While the conventional two-temperature
model is not in agreement with the experimental results, a consistent descrip-
tion of the laser-induced dynamics is achieved with energy-conserving atomistic
spin dynamics simulations. Our results provide a clear picture of the microscopic
energy flow between electronic, magnetic and lattice degrees of freedom on ul-
trafast timescales.

063.5 Wed10:30 P
Transient reflectivity in nonequilibrium warm dense gold — <Pascar D.
NDIONEI, SEBASTIAN T. WEBERI, Dirk O. GERICKEZ, and BAERBEL RETHFELD!
— "Department of Physics and OPTIMAS Research Center, Technische Univer-
sitit Kaiserslautern — 2CFSA, Department of Physics, University of Warwick
Ultrashort and intense laser pulses can induce strong modification of materi-
als properties such as optical parameters determining the amount of absorbed
energy in time. After excitation with lasers of high energy, the electrons thermal-
ize fast to a hot Fermi distribution. Yet, the band occupation numbers are still
in strong nonequilibrium as particle exchange between the bands takes longer
than energy exchange.

We study excitation of gold with optical photons. Only the 5d and 6sp bands
are considered to be active. We present a density-resolved approach coupled
with a two-temperature model to follow the nonequilibrium band occupation.
A Drude-Lorentz formalism is used to calculate the dielectric function of the
heated system. We simulate the temporal evolution of a probe reflectivity up
to delay time of 6 ps. Our predictions reveal over time a strong compensation
of damping mechanisms for the electrons and phonons. The good agreement
between simulation and time-resolved measurements suggests a good under-
standing of the experimental data and the underlying physical processes, which
has been interpreted differently as a lack of dynamics on the subpicosecond
timescale.
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064.1 Wed10:30 P
Adlayer influence on Dirac-type surface state at W(110) — «PascAL JoNa
GRENZI, Danny THONIG™? , MARCEL HorrmaNN! , Koj1 MIYAM0T04, SHIV
KUMAR4, EIKE SCHWIER4'5, TAICHI OKUDA4, JORGEN HENK6, and MARKUS
Donara' — 1University of Miinster, Germany — 2Uppsala University, Sweden
— 3Orebro University, Sweden — *Hiroshima Synchrotron Radiation Center,
Japan — 5University of Wiirzburg, Germany — ®Martin Luther University Halle-
Wittenberg, Germany
In a combined experimental and theoretical study, we investigated how Fe and
Co adlayers on W(110) affect the Dirac-type surface state (DSS). Angle-resolved
photoelectron spectroscopy data show an increase in binding energy of 75 meV
and 107 meV for Fe and Co, respectively. To identify the origin of the energy
shift, we performed first principle calculations of the surface electronic struc-
ture. The inward surface relaxation of the uncovered W(110) surface is lifted by
the adlayers. This structural change is one reason of the energy shift of the DSS.
Furthermore, the Fe and Co adlayers lead to a reduced charge distribution of
the DSS at the vacuum side, which results in an additional energy shift of the DSS.

0642 Wed10:30 P
Spin and Orbital Angular Momentum observed by Linear Dichroism:
Interplay of Inversion Symmetry Breaking and Spin-Orbit Coupling
— eMaXIMILIAN UNzeLMANN', HENDRIK BENTMANN', TiM FIGGEMEIER',
RAPHAEL CRESPO VIDALI, THIAGOR.F. PEIXOTOI, HENRIETTE MAASSl, CHUL-
Hee MiN?%, and FRIEDRICH REINERT' — !Experimentelle Physik 7, Universitat
Wiirzburg — 2Institut fiir Experimentelle und Angewandte Physik, Christian-
Albrechts-Universitat zu Kiel
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The formation of spin- and orbital angular momentum (SAM and OAM) for elec-
tronic states in non-centrosymmetric crystal-structure environments is shaped
by a complex interplay of inversion symmetry breaking (ISB) and spin-orbit cou-
pling (SOC) as well as their characteristic energy scales [1]. This phenomenology
plays an important role in many modern quantum materials, such as topolog-
ical insulators and Weyl semimetals [2,3]. Devising experimental approaches
to access SAM and OAM is thus of fundamental interest. By means of spin-
and angle-resolved photoemission we have investigated the photoelectron spin
polarization and the linear dichroism (LD) [4] in various materials with spin-
polarized surface states. Our results suggest that LD is linked to the OAM [5] in
regimes dominated by either SOC or ISB.

[1] V. Sunko et al., Nature 549, 492 (2017)

[2] M. Schiiler et al., Sci. Adv. 6, eaay2730 (2020)

[3] M. Unzelmann et al., arXiv:2012.06996 (2020)

[4] H. Bentmann et al., Phys. Rev. Lett. 119, 106401 (2017)

[5] M. Unzelmann et al., Phys. Rev. Lett. 124, 176401 (2020)

0643 Wed10:30 P
Unconventional Surface Conductivity in Correlated Honeycomb Transi-
tion Metal Oxide Mott Insulators — sTHOMAS DziuBa!, MATE STARK',
INa PIETSCHZ, PHILIPP GEGENWARTZ, and MARTIN WENDEROTH! — TV,
Physikalisches Institut, Georg-August Universitit Gottingen, Germany —
?Lehrstuhl fiir Experimentalphysik VI, Zentrum fiir Elektronische Korrelatio-
nen und Experimentalphysik, Universitidt Augsburg, Germany
The correlated honeycomb transition metal oxides attract large attention for the
theoretical prospect of topological non-triviality as well as being a possible real-
ization of the magnetic Kitaev exchange model. The Mott insulating sodium iri-
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date Na2IrO3 is prototypical among these materials with the potential to bridge
the field of strongly correlated systems with topology [1]. By using home-built
STM and STS combined with macroscopic conductivity measurements of freshly
cleaved Na2IrO3 surfaces in UHV we measure the properties provided by the
sample surface. We report on the rather unconventional linear-dispersion in-
gap conductivity found by tunneling spectroscopy. The addressability of such
states strongly depends on the electronic properties of the probe and local surface
structures. We will further discuss the found conductivity of the Na2IrO3 sur-
face in the light of macroscopic measurements, complementing previous (bulk)
results [2]. We thank the Deutsche Forschungsgemeinschaft for financial sup-
port via projects 220179758 (SPP 1666) and 107745057 (TRR 80).
[1] Phys. Rev. B 91, 041405(R) (2015), [2] Phys. Rev. B 82, 064412 (2010)

0644 Wed10:30 P
Surface electronic structure of CsSnBr3perovskite — «JoNAS HAUNER, JANEK
RIEGER, DANIEL NIESNER, and THOMAS FAUSTER — Friedrich-Alexander-
Universitit, Erlangen, Deutschland
Lead and tin halide based semiconductors with the perovskite structure show
high dynamic disorder, i.e. local and instantaneous deviations from the ideal
perovskite structure. These are expected to be larger for tin than for lead halide
perovskites. Resulting local orientation of electric dipoles may drive unusual
physical phenomena like dynamical Rashba or polaronic effects. While lead-
based compounds are studied extensively, reports of tin-based compound sur-
faces are limited. We carried out angle-resolved photoelectron spectroscopy and
two-photon photoelectron spectroscopy (2PPE) on (001) surfaces of CsSnBrj.
The valence band maximum is found close to the Fermi level and thus the sur-
faces are p-doped. The valence band dispersion is consistent with a hole effective
mass of m* < 0.2 m,. Two unoccupied states are found by 2PPE.

0645 Wed10:30 P
Surface atomic and electronic structure of CsPbBr; — eJANEK RIEGER,
TiLMAN KISSLINGER, M. ALEXANDER SCHNEIDER, THOMAS FAUSTER, and
DANIEL NIESNER — Lehrstuhl fiir Festkorperphysik, Friedrich-Alexander Uni-
versity Erlangen-Niirnberg (FAU), Staudtstr. 7, D-91058 Erlangen, Germany
Lead-halide-based semiconductors with the perovskite structure (LHPs) and the

empirical formula ABX; (where A = Cs, CH;NH;, B=Pband X =1, Br, Cl)
tend to form stable (001) surfaces, which can exhibit AX and BX, surface termi-
nations. A giant Rashba splitting of the valence bands backfolded to the I point
could be observed for the BX, termination, but not for the AX-terminated sur-
faces of organic-inorganic LHPs (A = CH;NH3;) [1].

For a systematic study of the interplay between surface atomic and electronic
structure of purely inorganic LHPs, we carried out low-energy electron diffrac-
tion (LEED), scanning tunneling microscopy (STM) and angle-resolved photo-
electron spectroscopy (ARPES) on CsPbBr;. From our STM and LEED results
we can identify the prevalence of two different surface terminations for differ-
ent preparations. The different terminations exhibit distinct spectral features in
photoemission spectroscopy. ARPES results indicate no Rashba splitting and no
band backfolding of the valence bands for the CsBr termination in line with ear-
lier observations [2].

[1]]. Yang et al., Phys. Rev. B 102, 245101 (2020).

[2] M. Puppin et al,, Phys. Rev. Lett. 124, 206402 (2020).

064.6 Wed10:30 P

Strong anisotropy in the ballistic transport regime on Pd(110) — «MARKUS
LEISEGANG, ROBERT SCHINDHELM, JENS KUGEL, and MATTHIAS BODE — Ex-
perimentelle Physik 2, Physikalisches Institut, Universitdt Wiirzburg
Atomic-scale charge transport is not only of significant fundamental interest but
also highly relevant for numerous technical applications. However, experimental
methods which are capable of detecting charge transport at the relevant single
digit nanometer length scales are scarce. Here we report on molecular nanoprobe
(MONA) [1] experiments on Pd(110) where we utilize the charge carrier-driven
switching of a single cis-2-butene molecule [2] to detect ballistic transport prop-
erties over length scales of a few nanometers. Our data demonstrate a striking
angular dependence with a dip in charge transport along the [1-10]-oriented
atomic rows and a peak in the transverse [001] direction. The narrow angu-
lar width of both features and distance-dependent measurements suggest that
the nanometer-scale ballistic transport properties of metallic surfaces are signif-
icantly influenced by the atomic structure.

[1] M. Leisegang et al. Nano Letters 18, 2165-2171 (2018)

[2] Y. Sainoo et al. Phys. Rev. Lett. 95, 246102 (2005)
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0651 Wed10:30 P
Modelling of Lithium Whisker Dissolution — «MARTIN WERRES"?, ARNULF
Latzb?3, and BiRGER HorsTMANN"?®> — 'Helmholtz Institute Ulm for Electro-
chemical Energy Storage, Ulm, Germany — “German Aerospace Center (DLR),
Institute of Engineering Thermodynamics, Stuttgart, Germany — >Ulm Univer-
sity, Institute of Electrochemistry, Ulm, Germany
In the search for next generation batteries, lithium metal anode research expe-
riences a refreshed attention due to its high theoretical energy density. Focus
lies on enhancing the durability of lithium metal anode batteries and eliminat-
ing safety concerns. The battery capacity fades over cycling due to continous
SEI buildup, consuming lithium and electrolyte, and the formation of inactive
lithium, which is electrically disconnected from the anode. As the surface of
the anode is highly irregular and tends to form whisker during charging, exper-
iments show that during discharge, the tip of the whisker is not dissolved and
a droplet stays behind inside the SEI shell. We developed a generalized phase-
field model of the dissolution in order to gain insights in the droplet formation
process.

Utilizing non-equilibrium thermodynamics, our phase-field model describes
the dissolution of a single lithium whisker by taking the surface tension of lithium
metal into account, and the interaction between lithium and the SEI. We are able
to predict the nucleation of a Reyleigh instability behind the tip, leading to the
formation of an electronically isolated lithium metal droplet.

0652 Wed10:30 P
Nanostructuring Cu tunes CO(2)R selectivity through the mass transport
of products: the example of acetate — <HENDRIK H. HEENEN', GEORG
KaSTLUNGER!, HAEUN SHIN?, SEAN OVERAZ, JosepH A. GAUTHIER’, FENG
J1a0%, and KAREN CHAN' — 'Department of Physics, Technical University of
Denmark — 2Department of Chemical and Biomolecular Engineering, Univer-
sity of Delaware — >Department of Chemical Engineering, Stanford University
Nanostructured Cu catalysts have increased the yield of and lowered the overpo-
tential for high value C-C coupled (C,, ) products in electrochemical CO reduc-
tion (CORR). With this type of catalyst also the selectivity among C,, products
has changed where acetate has emerged as a major product depending strongly
on alkalinity and catalyst structure. This striking selectivity dependence is far
from being understood. In this work, we elucidate the mechanism towards ac-
etate using an ab-initio derived microkinetic model coupled to mass transport
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as well as loading experiments. We find that acetate selectivity is only dependent
on local mass transport properties of the catalyst and not founded in changes of
the intrinsic activity of Cu. The selectivity mechanism originates in the transport
of ketene away from the catalyst surface. This unprecedented mechanism may
also explain similar selectivity fluctuations observed for other saturated inter-
mediates like CO and acetaldehyde. Our proposed mechanism explains changes
in selectivity of acetate with potential, pH, and catalyst roughness which are the
basis for design principles of a selective CORR operation.

0653 Wed10:30 P
Surface pH estimation during electrochemical CO, reduction in a non-RDE
setup — *DAVID EGGER, KARSTEN REUTER, and CHRISTOPH SCHEURER — Fritz-
Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany
The electro-chemical CO, reduction reaction (CO,RR) represents a promising
route to renewable fuels. CO,RR in aqueous electrolyte solutions is hampered by
the loss of faradaic efficiency due to the competing hydrogen evolution reaction
(HER) either by the reduction of hydronium ions or water. The latter lead to a
pH increase towards the electrode surface under high current operating condi-
tions. This shift in electrode pH can significantly influence the active catalytic
state and stability of the electrode. Yet, the crucial surface pH is neither experi-
mentally easily accessible, nor can it be simply obtained from bulk equilibrium
thermodynamics.

Here, we present a semi-empirical approach to estimate the surface pH at a
planar electrode from experimental electrode currents at a range of different
nominal bulk pHs. By solving a 1-D simplified Poisson-Nernst-Planck equa-
tion to account for mass transport and chemical kinetics, the current approach
works even outside a rotating disc electrode setup. We apply it to corresponding
CO2RR data at molybdenum carbide provided alongside in situ XPS measure-
ments and show that only after surface pH correction the XPS compositional
information can be brought into agreement with the Pourbaix diagram obtained
from ab initio thermodynamics.

0654 Wed10:30 P
Anodic Polarization of Electrodes at High Potentials in Alkaline Electrolytes
— eEVELYN ARTMANN, LUKAS FORSCHNER, VINCENT PRAMOD MENEZES, MO-
HAMED ELNAGAR, LubDWIG KIBLER, TiMO JACOB, and ALBERT K. ENGSTFELD —
Institute of Electrochemistry, University of Ulm, Germany
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Polarization of electrodes in aqueous electrolytes at anodic potentials in the range
of a few to several hundred volts has a significant impact on the structural prop-
erties of the electrodes as well as on the products formed in the solution [1-2].
This opens up interesting opportunities for applications, e.g. electrocatalyst de-
sign.

In this work we report on the I-U characteristics and the structural properties
of Pt, Au and Cu wire electrodes during anodic polarization between the stabil-
ity region of water and anodic Contact Glow Discharge Electrolysis (aCGDE)
in alkaline electrolyte. The structural changes of the electrodes were charac-
terized by means of scanning electron microscopy (SEM) and electrochemical
measurements. The latter suggest potential dependent oxide formation on Au
and Cu. The nature of the formed oxides is discussed based on X-ray photoelec-
tron spectroscopy (XPS) measurements.

An important finding is that the structural properties of the electrodes also
depend on how quickly the electrodes were removed from the electrolysis so-
lution. We will discuss in how far the electrolysis products affect the structure
formation after the anodic treatment.

[1] G. Saito, T. Akiyama, J. Nanomater., 10 (2015) 1.

[2] A. Allagui et. al., Electrochim. Acta, 93 (2013) 137.

0655 Wed10:30 P

Increasing stability, efficiency, and fundamental understanding of

lithium-mediated electrochemical nitrogen reduction — e¢VANEssa J.

BUKASI, SUZANNE Z. ANDERSENI, MICHAEL ]J. STATTZ, SARAH G. SHAPELI,
1 1 1

JakoB B. PEDERSEN , KeEvIN KREMPL', MATTIA SAccoccio, DEBASISH
CHAKRABORTYI, JakoB KIBSGAARDI, PeTrer C. K. VESBORGI, JEns K.
Norskov', and Is CHORKENDORFE' — 'Technical University of Denmark
— 2Stanford University, USA

Lithium-mediated nitrogen reduction is a proven method to electrochemically
synthesize ammonia; yet the instability and low efficiency of this process have
so far limited its practical application. One major obstacle against improving
the Li-mediated approach is that very little is understood about the mechanism.
We develop here a kinetic model that highlights mass transport limitations as
a very important factor to the resulting faradaic efficiency. Our results repro-
duce experimental trends for varying conditions of N, pressure or H' availabil-
ity and show that the relative diffusion rates of reacting Li*, N,, and H" species
are key to selectively forming ammonia. On the basis of this understanding,
we develop a potential-cycling strategy which can recover ‘catalytic’ high-energy
electrons from unused metallic Li that was deposited at the electrode surface.
This is shown experimentally to improve the stability of the system, alleviate the
need for continuously replenishing the electrolyte with Li salts, and lead to a
significant increase in both faradaic and energy efficiency [1].

[1] Andersen et al., Energy Environ. Sci. 13, 4291 (2020)

065.6 Wed10:30 P
Light assisted electrodeposition of Ni catalysts on p- doped Si(111) for
photoelectrochemical water reduction — sDavID OSTHEIMER!, MARIO
KURNIAWANZ, LARA EGGERTZ, THOMAS HANNAPPELI, and ANDREAS BUND? —
!'Fundamentals of Energy Materials, Ilmenau University of Technology, Ger-
many — “Electrochemistry and Electroplating, lmenau University of Technol-
ogy, Germany
The development of efficient and inexpensive (photo-)electrocatalysts plays an
important role to enhance the hydrogen evolution reaction for photoelectro-
chemical water-splitting. In the present work, nickel particles were electrochem-
ically deposited on a p-type Si-(111) substrate under illumination. Different pa-
rameters have been varied to obtain beneficial morphologies and particle sizes.
We show that they can be tailored by using either a potentiostatic method (re-
sulting in large particles) or a galvanostatic deposition method (small particles),
while the distribution of the particles on the surface is strongly influenced by the
electrodeposition time. The particles size and the coverage including the surface
roughness were investigated using atomic force microscopy. A relation between
the surface morphology and catalytic activity was analyzed by comparing pho-
tocurrents of various samples. A dense particle coverage can block the incident
light and thus limit the photoabsorption of the p-Si. This can be observed es-
pecially for samples with large catalyst particle sizes. Specimens with smaller
nickel particles show a significant improvement of the photoactivity compared
to samples with larger particles.

065.7 Wed10:30 P
Quantum Chemical Assessment of well-defined Catalysts for the Oxy-
gen Reduction Reaction — ¢CHRISTOPHER EHLERTI’Z, ANNA PIRASI’Z, and
GaNNA GryN'oval? — 'Heidelberg Institute for Theoretical Studies (HITS
gGmbH),Heidelberg, Germany — 2In‘[erdisciplinary Center for Scientific Com-
puting, Heidelberg University, Heidelberg, Germany
The Oxygen Reduction Reaction (ORR) is an important electrochemical process
taking place at the negatively charged cathode with applications in fuel cells and
metal-air batteries. The bare reduction shows a rather sluggish reaction kinetics
requiring catalysts to achieve larger electrical currents. Precious metal Pt-alloys
show good performance and serve as a reference, however their rareness, high
prices and poor long-term durability inhibit large-scale applications.

In a recent study, Kahan et. al.(doi:10.1021/acs.chemmater.8b04027) in-
vestigated six well defined (co)doped polyaromatic hydrocarbons (PAHs), or
nanographene sheets. In this study, we investigate the catalytic reaction pathways
of the proposed PAHs from the physisorbed oxygen towards the chemisorbed
minimum by density functional theory. For the neutral catalysts, the potential
energy surface scans show fully repulsive or energetically unfavorable situations.
We therefore suggest that the initial chemisorption occurs via negatively charged
catalysts, which is confirmed by exergonic reaction energetics.
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066.1 Wed10:30 P
Selective Oxygen Functionalization of the h-BN/Rh(111) Nanomesh — «Eva
MARIE FREIBERGER, FLORIAN SPATH, FABIAN DULL, HANS-PETER STEINRUCK,
and CHRISTIAN Papp — Friedrich-Alexander-Universitat, Erlangen, Germany
2D materials such as the graphene analogue hexagonal boron nitride (h-BN) are
interesting due to their unique structural, chemical and electronic properties.
The morphology of a supported h-BN layer strongly depends on the underly-
ing crystal surface. In the case of Rh(111) as substrate, a Moiré with pore and
wire regions evolves, also known as nanomesh. Chemical modification, e.g. co-
valent functionalization with hydrogen and oxygen, of Ni(111) supported h-BN
has already been reported. In the case of the h-BN nanomesh on Rh(111), such
functionalization is especially interesting since the pores and wires may show
different reactivity towards functionalization enabling spatially defined modifi-
cation of h-BN.

Herein, we present detailed studies on the adsorption of molecular oxygen
on the h-BN nanomesh on Rh(111). Using synchrotron radiation-based in situ
high-resolution X-ray photoelectron spectroscopy we are able to provide a deep
insight in this system regarding the adsorption behavior and the thermal stabil-
ity of the covalent functionalization. Oxygen functionalization is performed via
a supersonic molecular beam and is found to be an activated process occurring
selectively in the pores of h-BN. The adsorbed oxygen is proposed to bind molec-
ularly to two boron atoms in the pores of the Moiré. It is stable up to about 650 K.

0662 Wed10:30 P
Unconventional superconductivity mediated by spin fluctuations in single-
layer NbSe2 — WEN WAN, PAUL DREHER, R1SHAV HARSH, FRANCISCO GUINEA,
and *MIGUEL M. UGEDA — Donostia International Physics Center (DIPC),
Paseo Manuel de Lardizabal 4, 20018 San Sebastian, Spain.
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Van der Waals materials provide an ideal platform to explore superconductivity
in the presence of strong electronic correlations, which are detrimental of the
conventional phonon-mediated Cooper pairing in the BCS-Eliashberg theory
and, simultaneously, promote magnetic fluctuations. Despite recent progress in
understanding superconductivity in layered materials, the glue pairing mech-
anism remains largely unexplored in the single-layer limit, where electron-
electron interactions are dramatically enhanced. Here we report experimen-
tal evidence of unconventional Cooper pairing mediated by magnetic excita-
tions in single-layer NbSe2, a model strongly correlated 2D material. Our high-
resolution spectroscopic measurements reveal a characteristic spin resonance ex-
citation in the density of states that emerges from the QP coupling to a collective
bosonic mode. This resonance, observed along with higher harmonics, gradu-
ally vanishes by increasing the temperature and upon applying a magnetic field
up to the critical values, which sets an unambiguous link to the superconducting
state. Furthermore, we find clear anticorrelation between the energy of the spin
resonance and its harmonics and the local superconducting gap, which invokes
a pairing of electronic origin associated with spin fluctuations.

0663 Wed10:30 P
A full gap above the Fermi level: the charge density wave of monolayer VS2
— «CAMIEL VAN EFFERENI, Jan BERGESZ, JosHUA HALLI, ERIK VAN LOONZ,
STEFAN KRAUSI, ARNE SCHOBERTZ, ToBI1AS WEKKINGI, FELIX HUTTMANNI,
ELINE PLAARI, Nico ROTHENBACH® , KATHARINA OLLEFS® , Lucas MACHADO
ARRUDA4, Nick BROOKESS, GUNNAR SCHC')NHOFFZ, KurT KUMMERS, HEeiko
WENDE3, Tim WEHLINGZ, and THOMAS MICHELY' — leK, Koln, Germany —
ZUB, Bremen, Germany — 3UDE, Duisburg, Germany — 4FUB, Berlin, Ger-
many — “ESRE, Grenoble, France
We present experimental evidence, via scanning tunneling microscopy and spec-
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troscopy, of a 2/3T'K charge density wave (CDW) in monolayer VS2. The CDW
is shown to be stable at room temperature, and causes a full CDW gap in the
unoccupied states of VS2. Unlike conventional CDWs, which undergo a metal-
insulator transition, creating a gap at the Fermi level, the CDW in VS2 induces
a topological metal-metal Lifshitz transition. Our ab initio calculations show
anharmonic coupling of transverse and longitudinal phonons to be essential for
the formation of the CDW and the full gap above the Fermi level. Additionally,
x-ray magnetic circular dichroism reveals the absence of net magnetization in
this phase, pointing to a coupled CDW-antiferromagnetic ground state.

0664 Wed10:30 P
Charge Transfer of Twist-Angle-Dependent Phosphorene-Graphene Hetero-
bilayers. — *EL-ABED HAIDAR — The University of Sydney, Sydney, Australia
Twistronics is the study of the changes to the electronic properties of two-
dimensional material bilayers due to rotational stacking, or twisting. In this work
we explore the impact of twisting on the vertical charge transfer in a graphene-
phosphorene bilayer using density-functional theory. We examine different twist
angles and find significant drop in charge transfer when the twist changes from
zero to greater than zero degrees. Such interesting feature can have major im-
pacts in enriching two dimensional twistronics concepts especially their elec-
tronic properties.

066.5 Wed10:30 P
Electronic structure and charge density wave in monolayer NbS, — «Timo
KNISPELI, JEISON A. FISCHER! , DANIELA MOHRENSTECHERI, JaNn BERGESZ,
ERIK VAN Loon?, TiM WEHLING, and THOMAs MicHELY' — 'Institute of
Physics II, University of Cologne, Ziilpicher Str. 77, 50937 Cologne, Germany
— “Institute of Theoretical Physics, Bremen Center for Computational Materials
Science, University Bremen, Otto-Hahn-Allee 1, 28359 Bremen, Germany
We investigated monolayer 1H-NbS, grown in-situ on Gr/Ir(111) by high reso-
lution scanning tunneling microscopy and spectroscopy at temperatures down to
0.4K. The characteristic 3x3 CDW pattern is present only in the monolayer, but
absent in the bilayer. We analyze the CDW gap, contrast inversion in the dI/dV
maps towards both sides of the gap and the suppression of the CDW pattern in
the gap. Furthermore, quasiparticle interference is observed at island edges and
defects and enables us to measure the dispersion of the hole-like pocket around
the T-point. Density of states, dispersion around the I'-point and the properties
of the CDW are compared to density functional theory calculations.
Support from the Deutsche Forschungsgemeinschaft, SFB 1238 (project number
277146847, subprojects A01 and B06) is gratefully acknowledged.

066.6 Wed10:30 P
Metal-to-insulator transition in MoS, by contactless chemical gating —
*WOUTER ]OLIEI’Z, CLIFFORD MURRAYI, CAMIEL VAN EFFERENI, JEISON A.
FISCHERI, CARSTEN BUSSEZ, HANNU-PEKKA KOMSA3, and THOMAS MICHELY"
— 1. Physikalisches Institut, Universitit zu Koln, Germany — “Institut
fiir Materialphysik, Westfalische Wilhelms-Universitit Miinster, Germany —
*Microelectronics Research Unit, University of Oulu, Finland
We present an effective way to gate semiconducting transition metal dichalco-
genides without changing their direct chemical environment. The principle is
demonstrated for MoS, on graphene on Ir(111). Intercalation of oxygen (eu-
ropium) between graphene and Ir(111) removes (adds) charge in graphene, lead-
ing to a strong gating effect in MoS,. Using scanning tunneling microscopy,
we show that removing charge with oxygen leads to a 450 meV shift of the
MoS, band gap with respect to the Fermi level. Adding charge with europium
shifts the conduction band below the Fermi energy, accompanied by a band gap
reduction of 700 meV due to renormalization. In addition, we find that gating
also shifts the one-dimensional band present in MoS, mirror twin boundaries,
which can be used as gating sensors.

066.7 Wed10:30 P
Surface and interface effects in oxygen deficient SrMnOj; thin films grown
on SrTiO; — «MorLouD Kaviant and ULRICH ASCHAUER — Department of
Chemistry and Biochemistry, University of Bern, Freiestrasse 3, CH-3012 Bern,
Switzerland
Complex oxide functionality, such as ferroelectricity, magnetism or supercon-
ductivity, is often achieved in epitaxial thin-film geometries. Oxygen vacancies
tend to be the dominant type of defect in these materials but a fundamental un-
derstanding of their stability and electronic structure has so far only been es-
tablished in the bulk or strained bulk, neglecting interfaces and surfaces present
in the thin-film geometry. We investigate here by first-principles calculations,
oxygen vacancies in the model system of a SrMnO; (SMO) thin-film atop a
SrTiO; (STO) (001) substrate. We establish structural and electronic differences
compared to bulk SMO that, in addition to misfit strain result also from under-
coordination at the film surface. We then study the stability and electronic struc-
ture of oxygen vacancies in both the thin-film and the substrate, showing that
electrostatics render oxygen vacancies more stable towards the film surface. As
opposed to bulk SMO, we observe only partial reduction of Mn** to Mn*" and
for oxygen vacancies in SrO layers, a reduction of Mn only in the layer below the
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vacancy. We relate this to crystal field changes at the surface, that strongly alter
the defect chemistry in the film. Our results show that surface and interface ef-
fects lead to significant differences in stability and electronic structure of oxygen
vacancies in thin-film geometries compared to the (strained) bulk.

066.8 Wed10:30 P
Mechanism of Self-Intercalation in Niobium Disulphide Monolayers on
Gr/Ir(111) — «DANIELA MOHRENSTECHER', TiMo KNIsPEL', CARSTEN
SPECKMANNZ, JEISON FiscHER', and THOMAS MicHELY! — 1. Physikalisches
Institut, Universitat zu Koln, Zilpicher Strafle 77, 50937 Koln, Germany —
ZPhysics of Nanostructured Materials, University of Vienna, 1090 Wien, Aus-
tria
For 2D layered TMDCs the intercalation of native metal atoms into the van-
der-Waals gap under metal excess conditions is a well-known phenomenon [1]
and may result in covalently bonded materials that may exhibit phenomena like
ferromagnetic order or spin-frustrated Kagome lattices [2]. Here we report self-
intercalation for in-situ grown NbS, monolayers on Gr/Ir(111) .The process uti-
lizes Nb atoms that are already present in the material and traverse from the
pristine material into the van-der-Waals gap between NbS, and graphene dur-
ing post-growth annealing.
Our quantitative coverage analysis based on scanning tunneling microscopy im-
ages indicates a conversion of Nb from the pristine material into the intercalated
phase containing a stoichiometry of Nbs3S,, featuring a V3 x /3 R30° super-
structure. Moreover, self-intercalation suppresses the charge density wave of the
NbS, monolayer. Using tunneling spectroscopy dramatic changes are found in
the electronic structure self-intercalated compared to pristine non-intercalated
layers.
[1] Jellinek et al. Nature 185, 376 - 377 (1960)
[2] Zhao et al. Nature 581 171-177 (2020)

066.9 Wed10:30 P

The role of surface termination in the electronic, magnetic and catalytic prop-
erties of hematene: a computational study — «MAHDI GHORBANI-ASL, YIDAN
WEL and ARKADY V. KRASHENINNIKOV — Institute of Ion Beam Physics and
Materials Research, Helmholtz-Zentrum Dresden-Rossendorf, 01314 Dresden,
Germany.
Very recently, a new class of non-van der Waals 2D materials including hematene
have been successfully exfoliated from their non-layered crystal counterparts.[1]
Using density functional calculations, we have systematically studied the sta-
bility, electronic and magnetic properties of 2D a-Fe,O; nanosheets and their
functionalized derivatives.[2] Our results show that not only that different sur-
face passivation with hydrogen on hydroxyl groups may exist but also passivation
with the former group significantly facilitates the stability of material under am-
bient conditions. The hydrogenated sheets are found to be a half-metal, whereas
the fully hydroxylated sheets are antiferromagnetic semiconductors. We show
that the reduced dimensionality and defects on the hematene surface can also
enhance the catalytic activity of the material for the oxygen evolution reaction.[3]

[1] A. Puthirath Balan, S. Radhakrishnan, C. F. Woellner, et al. Nat. Nan-
otechnol. 13, 602 (2018).

[2] Y. Wei, M. Ghorbani-Asl, and A. V. Krasheninnikov, J. Phys. Chem. C 124,
22784 (2020).

[3] B. Mohanty, Y. Wei, M. Ghorbani-Asl, A.V. Krasheninnikov, et. al, ]. Mater.
Chem. A 8, 6709 (2020).

066.10 Wed10:30 P
Electronic properties of metal (Fe, Co, Ni, V) / MoSe, 2D-heterostructures.
— «Lyes MEsBAHT', OMAR MEssaoupt', HAMID Bouzar®, and SAMIR Lounis®
— Laboratoire de Physique et Chimie Quantique (LPCQ), Mouloud Mammeri
University, BP 17 RP, 15000 Tizi-Ouzou, Algeria — “Peter Grunberg Institut and
Institute for Advanced Simulation, Forschungszentrum Julich & JARA, D-52425
Julich, Germany
We present a comparative first principles investigation of the electronic proper-
ties of 2D systems consisting of a MoSe, monolayer with a transition metal over-
layer : Fe, Co, Ni and V. Our calculations show that Fe-MoSe, and Co-MoSe,
are half-metallic ferromagnets with bandgaps of 0.94 eV and 0.74 eV, respec-
tively, for one of the spin channels. Moreover, Ni-MoSe, converges into a semi-
conductor with an indirect bandgap of 0.68 eV. Interestingly, V-MoSe, turns out
to be an anti-ferromagnetic material with a gapless dirac-cone located 0.20 eV
below the Fermi level. The combined effect of time-reversal symmetry breaking
and the effect of spin-orbit coupling induced by Mo, lead to non-degenerate K
and K’ valleys, which renders these heterostructures good candidates for diverse
spintronic applications.

066.11 Wed10:30 P
Atomic-scale characterization of few-layer Cr5Se8 — sPauL DREHER!, WEN
WANI, CARMEN GONZALEZ ORELLANAZ, Max ILYNZ, JAVIER HERRERO-
MARTINS, P1ErRLUIGI GARGIANI3, Marco Gossr?, SANTIAGO BLANCO-
Canosa®, and MiGueL Ucepa' — 'Donostia International Physics Center,
Donostia - San Sebastian, Spain — 2Centro de Fisica de Materiales (CSIC-

UPV/EHU) — *ALBA Synchrotron Light Source — *CIC Nanogune
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The realization of magnetic order at the two-dimensional limit is currently a
priority for Materials Science. In this arena, transition metal chalcogenides have
emerged as candidate magnetic 2D materials with unprecedented robust chem-
ical stability, which could enable their integration in durable, flexible magnetic
devices. Here we perform combined atomic-scale structural and electronic char-
acterization of few layer Cr5Se8 with its mesoscopic magnetic characterization.
We have studied the atomic, electronic and magnetic structure of MBE-grown
few-layer Cr5Se8 on graphene substrates (BLG/SiC(0001) and HOPG) by means
of 4.2K-STM/STS and XMCD measurements. STM imaging reveals that Cr5Se8
present both Se- and Cr-terminations, the latter showing a 2x2 periodicity in the
Cr plane stable up to room temperature. Both terminations exhibit a semicon-
ducting behavior with an accused layer-dependent gap value maximized at 1.2
eV for three layers. Lastly, our XMCD measurements are compatible with a weak
ferromagnetic ground state down to 2K.

066.12 Wed10:30 P
Elelctronic structure and bonding of h-BN on Pt(110) — «MaRrco T HALER',
DoMINIK STEINERI, ALEXANDER MENZELI, FLORIAN MITTENDORFERZ, and Er-
MINALD BERTEL' — 'Institute of Physical Chemistry, University of Innsbruck,
Innsbruck, Austria — 2Institute of Applied Physics and Center for Computa-
tional Materials Science, University of Technology, Vienna, Austria
The electronic properties and substrate interaction of single domain hexagonal
boron nitride (h-BN) grown on structurally incommensurable Pt(110) were in-
vestigated by density functional theory (DFT), angle-resolved photoemission
spectroscopy (ARPES), and work function measurements. DFT calculations
show that the h-BN-substrate interaction is dominated by nonlocal van der
Waals forces. However, locally, a covalent bond forms between on-top N and Pt
atoms, forcing the Pt(110)-surface to adapt to the adlayer in the form of a (1xn)-
m.r. reconstruction. In addition, the covalent bond gives rise to a peak in the
local density-of-states at the Fermi level within the h-BN band gap and generally

to hybridization of h-BN and substrate bands in the calculated band structure.
In contrast, the experimental band dispersion coincides well with band structure
calculations for a free-standing h-BN monolayer. We attribute the difference
to correlation effects, i.e. the confinement of the photo-hole within the h-BN
monolayer. Considerable correlation is also indicated by the appearance of a flat
band in the ¢ manifold. The Moiré structure causes the appearance of umklapp
bands in the ARPES data, differing in nature from Moiré-induced replica bands
observed in e.g. Ru(0001) or Rh(111).

066.13 Wed 10:30 P
Highly ordered metallic phase of Indium on SiC(0001) — eJoNas Er-
HARDT, MAXIMILIAN BAUERNFEIND, SIMON MOSER, and RALPH CLAESSEN —
Physikalisches Institut and Wiirzburg-Dresden Cluster of Excellence ct.qmat,
Universitit Wiirzburg, Wiirzburg D-97074, Germany
Indium thin films attract attention due to diverse electronic properties, which
feature for instance a two-dimensional electron gas (2DEG) [1] and supercon-
ductivity [2] in the 2D limit or Dirac-electrons in a triangular lattice [3]. Here,
we present a combined angle-resolved photoelectron spectroscopy (ARPES)
and scanning tunneling microscopy (STM) study of ultrathin (~2 monolay-
ers) epitaxial indium films on silicon carbide (SiC). STM reveals a Kagome-
like superstructure with a lattice constant of approximately 2.1 nm assigned as a
(4V3 x 41/3)R30° reconstruction. Additionally, ARPES as well as scanning tun-
neling spectroscopy (STS) show a metallic band structure with a pronounced
electron pocket, indicative of a 2DEG. Interestingly, STS further reveals nega-
tive differential conductance, which is in contrast to the canonical interpretation
of the dI/dV signal as local density of states and is possibly related to substrate
effects.
[1] E. Rotenberg et al., Phys. Rev. Lett. 91, 246404 (2003).
[2] T. Zhang et al., Nat. Phys. 6, 104 (2010).
[3] M. Bauernfeind et al., (unpublished)
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067.1 Wed10:30 P
Improved projection-operator diabatization for electron transfer on periodic
surfaces — «SIMIAM GHANI, KARSTEN REUTERl’Z, and HARALD OBERHOFER'
— ! Chair for Theoretical Chemistry, Technical University of Munich, Garching,
Germany — Fritz Haber Institute of the Max Planck Society, Berlin, Germany
We discuss the recently-proposed[1] projection-operator diabatization method
POD2GS for calculating electronic coupling in donor-acceptor charge transfer
systems. The new scheme offers accurate electronic couplings by constructing
diabats which remain localized on their respective fragments, as demonstrated
for the Hab11 benchmark suite with molecular dimers.

Here, we apply this improved scheme to explore electron transfer from pho-
toexcited adsorbates to surfaces, a problem for which the original POD method
has been widely used. Specifically, we report results for the case of monolayers
of core-hole excited Argon on ferromagnetic substrates, where accurate spin-
dependent electron transfer lifetimes have been measured experimentally. As-
pects of periodic boundary conditions in the electron transfer model are dis-
cussed; in particular, we examine the validity of the I'-point approximation
which is commonly used with POD models for electron transfer on surfaces.
[1] S. Ghan et al., ]. Chem. Theory Comput. 16, 7431 (2020).

0672 Wed10:30 P

The ambivalent competition of Coulomb and van-der-Waals interactions in
Xe-Cs" aggregates on Cu(111) surfaces — «JouN THOMAS', CORD BerTRAM?,
JaNoOs DARUZ, PiNG ZHOUI, DomMminNik MARXZ, KARINA MORGENSTERNZ, and
UWE BOVENSIEPEN — lPhysik, Universitit Duisburg-Essen — 2Chemie, Ruhr-
Universitdt Bochum
The properties of heterogeneous interfaces are important because of their funda-
mental and technological perspectives. We aim at understanding the contribu-
tions of the Coulomb and van-der-Waals interactions in Xe-Cs" aggregates on
Cu(111). By combining time-resolved Two-Photon Photoelectron Spectroscopy
(2PPE), Scanning Tunneling Microscopy (STM), and coupled cluster calcula-
tions, we investigate the microscopic structure and the ultrafast dynamics excited
by photo-induced electron transfer. We observe by time-resolved 2PPE that ad-
sorption of Xe results in a fivefold increase of the Cs 6s electron lifetime, an effect
attributed to the repulsion of the Cs 6s wave function by the electron density of
Xe. Furthermore, we observe by STM that the Cs*...Cs" distance shrinks from
2-7 nm to 1-3 nm for the aggregates compared to bare Cs*/Cu(111). The adsorp-
tion of Xe on Cs/Cu(111) results in a dual, i.e. attractive or repulsive, response
of Xe depending on the positive or negative charge of the respective counterpar-
ticle, which emphasizes the dominant role of the Coulomb interaction between
an alkali and a noble gas atom on the Cu(111).

This work was supported by the Cluster of Excellence RESOLV, funded by the
Deutsche Forschungsgemeinschaft.
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0673 Wed10:30 P
Ultrafast Dynamics of Hot Electrons and Holes by Femtosecond Photoelec-
tron Spectroscopy in Au/Fe/MgO(001) — «FLORIAN KOHNE', YASIN BEvAZIT,
DETLEF DIESING®, PING ZHOU', and UWE BOVENSIEPEN' — 1University of
Duisburg-Essen, Physics — 2University of Duisburg-Essen, Chemistry
Optically excited electrons and holes are of particular interest in solid state
physics, because they allow a microscopic understanding of interactions in non-
equilibrium states. Here we aim at discerning electronic relaxation by local in-
elastic processes and non-local transport. To analyze the ultrafast dynamics of
charge carriers in the vicinity of the Fermi energy Ep, femtosecond time-resolved
linear photoelectron spectroscopy was applied and we report on results obtained
by using 1.55 eV pump and 6 eV probe photons on Au/Fe/MgO(001), comple-
mentary to previous work in Beyazit et al., PRL 125, 076803 (2020). In case of the
back side pumping, hot electrons are excited in the Fe, are injected into Au and
propagate to the surface, where they are probed by photoelectron emission spec-
troscopy. We observe a positive shift in the time delay of the transient intensity
increasing with dy, in comparison to the front pump data, which is attributed
to transport effects in Au. The analyzed electron distribution in the vicinity of
Er indicates a symmetric excitation of electrons and holes. It can be described
by a Fermi-Dirac distribution function. We estimate a maximum increase in the
electron temperature by 50 K, which builds up within 100fs and then decays by
energy transfer to phonons.

This work was funded by the DFG through the CRC 1242.

0674 Wed10:30 P
Ultrafast laser-induced electronic dynamics of perylene@MoSe, monolayer
— eMATHEUS IACOBSI, JaANNIS KRUMLAND', and CATERINA COCCHI 2
Unstitut fiir Physik und IRIS Adlershof, Humboldt-Universitat zu Berlin, Berlin,
Germany — *Carl von Ossietzky Universitit Oldenburg Institut fiir Physik, Old-
enburg, Germany
Hybrid interfaces formed by atomically thin semiconductors, such as transition-
metal dichalcogenides, and physisorbed organic molecules have received con-
siderable attention in the last years due to their potential for opto-electronic ap-
plications. In particular, interfacial charge transfer in the earliest stage of the
photoexcitation plays a crucial role in the electronic and optical response of these
systems'. Therefore, it is of great relevance to gain insight into the dynamics of
the involved processes. In the framework of real-time time-dependent density
functional theory, we investigate the ultrafast electronic dynamics at the inter-
faced formed by perylene physisorbed on a MoSe, monolayer. We monitor the
evolution of the electrons in k-space when the hybrid system is excited by a reso-
nant time-dependent electric field. Our results provide a valuable starting point
to explore further relevant effects, such as vibronic coupling.

[1] M. Jacobs et. al., Advances in Physics: X 5, 1749883(2020)
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0675 Wed10:30 P

Pump-probe second harmonic spectroscopy of molecule/metal interfaces —
JINGHAO CHEN, PING ZHOU, UWE BOVENSIEPEN, and *ANDREA ESCHENLOHR
— Faculty of Physics, University Duisburg-Essen, Lotharstr. 1, 47057 Duisburg,
Germany
Achieving a microscopic understanding of charge transfer dynamics and the re-
laxation of optically excited electrons and holes at molecule/metal interfaces re-
quires an interface-sensitive analysis on the respective femtosecond timescales.
Second harmonic spectroscopy (SHS) [1] is such an interface-sensitive probe in
centrosymmetric materials. We employ a non-collinear optical parametric am-
plifier in the visible wavelength range (1.9-2.5 eV) for pump-probe SHS with <20
fs pulse duration. A prototypical molecule/metal interface is prepared by adsorp-
tion of iron octaethylporphyrin (FeOEP) molecules on Cu(001) [2] and analyzed
in situ in ultrahigh vacuum. We find a molecule-induced resonance at about 2.2
eV fundamental photon energy in the second harmonic spectrum of one mono-
layer of FeOEP/Cu(001). At this resonance, we observe a markedly slower relax-
ation time of the pump-induced changes in SHS compared to the bare Cu(001)
surface, which indicates an increased lifetime of the electronic molecular state.

We thank H. Wende, J. Giidde and E. Riedle for valuable experimental advice,
and the German Research Foundation for funding via SPP 1840 QUTIF and Sfb
1242.

[1] T. E. Heinz, C. K. Chen, D. Ricard, and Y. R. Shen, Phys. Rev. Lett. 48, 478
(1982); U. Hofer, Appl. Phys. A 63, 533 (1996).

[2] H. C. Herper et al,, Phys. Rev. B 87, 174424 (2013).

067.6 Wed10:30 P
Energy transfer during resonant neutralization of hyperthermal protons
at an aluminum surface studied with time-dependent density functional
theory — <Lukas DEUCHLER and ECKHARD PEHLKE — Christian-Albrechts-
Universitit Kiel
Knowledge about the charge and energy transfer between an ion and a surface
is crucial for the description of the plasma-surface interaction. In the present
work, we report results from TDDFT based Ehrenfest molecular dynamics (MD)
simulations for energy and charge transfer for a proton (H*) with initial kinetic

energy 2eV — 50 eV incident normally on an Al(111) surface [1]. Simulations
have been performed with the Octopus code [2]. The Al-surface is represented
by an Al-cluster.

As pointed out by Winter [3], energy and angle shifts observed in the energy
distribution of the scattered projectile should provide a means to experimentally
estimate the neutralization distance. In this poster, we present the difference in
initial kinetic energy between an H' and an H? projectile which is required to
yield identical exit velocities of the H after neutralization. Notably, this difference
changes sign within the studied range of kinetic energies.

[1] L. Deuchler and E. Pehlke, Phys Rev B 102, 235421 (2020).

[2] X. Andrade et al., Phys. Chem. Chem. Phys. 17, 31371 (2015).

[3] H. Winter, J. Phys.: Condens. Matter 8, 10149 (1996).

067.7 Wed10:30 P
Relaxation and Transport Processes of Hot Electrons in Au/Fe/MgO(001) —
*YASIN BEYAZITI, PiNG ZHOUl, FLORIAN KI'JHNEI‘Z, JAN PHILIPP MEYBURG®,
DETLEF DIESING?, and UWE BOVENSIEPEN' — 1Faculty of Physics, University
Duisburg-Essen — 2Faculty of Chemistry, University Duisburg-Essen, Germany
This work presents an energy resolved analysis of relaxation and transport pro-
cesses of excited electrons in the time domain. By employing femtosecond laser
pulses with 2 eV pump energy and pulse width less than 35 fs we excite hot
electrons in epitaxially grown Au/Fe/MgO(001). The photo-excited electrons
exhibit local and nonlocal dynamics which lead to relaxation and transport pro-
cesses of charge carriers. We perform time-resolved two photon photoelectron
spectroscopy (tr-2PPE) with a particular excitation scheme; back side pumping
and front side probing. The hot electrons are excited in the buried Fe layer 2 eV
above the Fermi level Er and experience subsequently spatiotemporal transport
through the Fe- Au interface towards the Au surface and local inelastic relaxation.
By analysis of the relaxation dynamics as a function of Au film thickness we de-
termine the electron lifetimes of bulk Au and Fe and distinguish the relaxation in
the heterostructures constituents. Furthermore, we show that the hot electrons
propagate through the Au in a superdiffusive regime [1]. Additional measure-
ments allow us to discuss contributions of secondary electrons. This study was
funded by the DFG through SFB 1242. [1] Beyazit et al., PRL 125, 076803 (2020)
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068.1 Wed10:30 P
Stability of radical-functionalized gold surfaces by self-assembly and on-
surface chemistry — ¢TOBIAS JUNGHOFER, EwA MALGORZATA NOWIK-BOLTYK,
and MARIA BENEDETTA Casu — Eberhard Karls Universitéit Tiibingen, Institut
fiir Physikalische und Theoretische Chemie, 72076 Tiibingen, Germany
Organic radical thin films are of great interest for organic electronics such as spin
filtering devices, data storage devices, and as quantum bits for quantum comput-
ing devices. Here we present the functionalisation of a gold substrate by using a
derivative of the perchlorotriphenylmethyl (PTM) radical. PTM is a very chemi-
cally and thermally stable radical. We investigate the gold/PTM derivative inter-
face by using soft X-ray techniques, such as X-ray photoelectron spectroscopy
(XPS) and near-edge X-ray absorption fine structure (NEXAFS) spectroscopy.
Our results show that the functionalisation is successful under specific prepa-
ration conditions. The radical is still intact and keeps its magnetic character at
the interface. Our findings are a significant step forward on the implementa-
tion of organic radicals in molecularbased devices with different properties and
applications as energy, sensing, imaging, memories, and spintronics.

0682 Wed10:30 P
Chemical Doping of Individual Polynuclear Molecular Magnets on Surfaces
— oFABIAN PASCHKEI, VIVIEN ENENKELI, ToB1as BIRKI, JaN DREISERZ, and
MikHaIL FoNiN' — !Fachbereich Physik, Universitit Konstanz, 78457 Kon-
stanz, Germany — 2Swiss Light Source, 5232 Villigen PSI, Switzerland
The controlled deposition, characterization and manipulation of single molecule
magnets (SMMs) on surfaces is one of the crucial topics to investigate with re-
gard to their possible implementation as units in future electronic and spintronic
devices. Fe, derivatives are among the most investigated SMMs showing a gi-
ant spin and a variety of quantum mechanical phenomena. We showed that
a flat derivative of this SMM is suitable for defined adsorption on decoupling
monatomic layers of 4-BN and graphene [1,2]. We proved the robust molecular
magnetism to be retained on a global and single molecule scale, even on metal-
lic substrates [2-4]. In order to manipulate electronic and magnetic properties
of individual SMMs chemical doping with alkali atoms has shown to be a fea-
sible technique [5]. Unfortunately, large polynuclear compounds like Fe, can
host numerous adsorption sites for dopants. Here we present successful chemi-
cal doping with a defined adsorption configuration for the prototypical Fe, SMM
and study the effect on its electronic and magnetic properties.
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[1] P. Exler et al., Nano Lett. 15, 4546 (2015). [2] L. Gragnaniello et al., Nano
Lett. 17, 7177 (2017). [3] E Paschke et al., ACS Nano 13, 780 (2019). [4] E
Paschke et al., Quantum Mater. Res. 1:¢200002 (2020). [5] C. Krull et al., Nat.
Mat. 12, 337 (2013).

0683 Wed10:30 P
An atomic Boltzmann machine capable of self-adaption — Brian KIRALYI,
ELZE | KNOLI, WERNER M] VAN WEERDENBURGI, HILBERT | KAPPENZ, and
ALEXANDER A KHAJETOORIANS! — !Institute for Molecules and Materials, Rad-
boud University, Nijmegen, the Netherlands — *Donders Institute, Radboud
University, Nijmegen, the Netherlands
To move beyond the current hybrid approaches to hardware-based artificial neu-
ral networks, new architectures, linking physical phenomena to machine learn-
ing models, are needed. Here, we realized an atomic Boltzmann machine capable
of self-adaption using atomic manipulation with a scanning tunneling micro-
scope. We utilized the concept of orbital memory, derived from single Co atoms
on black phosphorus, as the building blocks of the prerequisite multi-well energy
landscape. Namely, when gating two Co atoms simultaneously, there is a finite
probability in each of the four possible states. This multi-well behavior persists
for larger ensembles. Additionally, we found that the coupling between Co atoms
is anisotropic, which we exploited to build synapses capable of tuning the neu-
rons’ energy landscape, and to introduce two inherent timescales: a fast neural
timescale and a slow synaptic timescale. Finally, we observed self-adaption of
the synaptic weights in response to external electrical stimuli, opening a path to
on-chip learning in atomic-scale machine learning hardware.

B. Kiraly et al., arXiv:2005.01547v2 (2020)

0684 Wed10:30 P
Tunneling anisotropic magnetoresistance of Pb and Bi adatoms and dimers
on Mn/W(110) — eSoumyAJyoTl HALDAR, MARA GUTZEIT, and STEFAN
HEINzE — Institute of Theoretical Physics, University of Kiel, Leibnizstrasse 15,
24098 Kiel, Germany
Noncollinear magnetic structures at transition-metal interfaces are very promis-
ing candidates for spintronics applications [1]. A Mn monolayer on W(110) is
a prominent example which exhibits a noncollinear cycloidal spin-spiral ground
state with an angle of about 173° between neighboring spins. This allows to ro-
tate the spin-quantization axis of an adatom or dimer quasicontinuously and is
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ideally suited to explore the angular dependence of the tunneling anisotropic
magnetoresistance (TAMR) using scanning tunneling microscopy. Here [2], us-
ing density functional theory, we explored the TAMR effect of Pb and Bi adatoms
and dimers adsorbed on this surface as these elements have a very strong spin-
orbit coupling. Pb and Bi adatoms and dimers show a large TAMR up to 60%
due to strong spin-orbit coupling (SOC) and the hybridization of 6p orbitals with
3d states of the magnetic layer. For dimers the TAMR also depends sensitively
on the dimer orientation with respect to the crystallographic directions of the
surface due to bonds formation with the surface and the symmetry of the SOC
induced mixing.

[1] A. Fert et al. Nat. Nanotechnol. 8, 152 (2013). [2] S. Haldar et al. Phys. Rev.
B 100, 094412 (2019)

0685 Wed10:30 P
Local electronic structure of lanthanide metallofullerene single-molecule
magnets — «TOBIAS BIRKI, FABIAN PASCHKEI, ALEXEY POPOVZ, and MIKHAIL
Fonin' — !Fachbereich Physik, Universitit Konstanz, 78457 Konstanz, Ger-
many — 2Leibniz Institute for Solid State and Materials Research, Helmholtzstr.
20, 01069 Dresden, Germany
Dimetallofullerenes with single-electron lanthanide-lanthanide (Ln-Ln) bonds
are new promising single-molecule magnets with exceptional robustness and
high blocking temperatures up to 25 K [1]. These molecules are well suited for
STM based magnetization relaxation and spin excitation measurements due to
their high blocking temperature and exceptional stability.
Here we present the first successful deposition of the lanthanide metallofullerene
single-molecule magnet Dy,@Cg,(CH,Ph) on graphene/Ir(111) using elec-
trospray deposition (ESD). Scanning tunneling microscopy (STM) and spec-
troscopy (STS) measurements are performed in order to study ordering behav-
ior and electronic properties on this weak coupling substrate. The observation of
LUMO resonances in combination with varying topographic appearances reveal
different adsorption configurations of the molecules on the surface. Additional
comparison between molecules with Dy and Er atoms as magnetic centers show
ashift in LUMO energies proving that electron tunneling mediated by the single-
electron Ln-Ln bond is possible.
[1] E Liu et al. Nat Commun 10, 571 (2019).

068.6 Wed10:30 P
Complete reversal of the atomic unquenched orbital moment by a sin-
gle electron — «Rasa RE]ALII, Davip COFFEYI, JEREMIE GOBEILl, JHoN W.
GonzALez?, FERNADO DELGADO’, and ALEXANDER E. OTTE! — 'Delft Uni-
versity of Technology, Delft, The Netherlands — 2Universidad Técnica Federico
Santa Maria, Valparaiso, Chile — >Universidad de La Laguna, Santa Cruz de
Tenerife, Spain

Efforts to downscale information storage to the single-atom limit have largely fo-
cused on readily probing and manipulating the spin of single magnetic atoms ad-
sorbed on surfaces. This emphasis on the spin is primarily due to orbital quench-
ing combined with spin-orbit coupling: the orbital angular momentum of these
systems is often diminished due to the local symmetry of the surface, and what
remains of it typically delineates the direction of the electron spin. This limits
the scope of information processing based on these atoms to essentially one mag-
netic degree of freedom: the spin. By coordinating a Fe atom atop the fourfold
symmetric nitrogen binding site of the Cu, N/Cu3Au(100) surface, we gain inde-
pendent access to both the spin and orbital degrees of freedom. We demonstrate
a full rotation of the orbital moment, without altering the spin state of the atom;
and a distinct spin excitation, which does not affect the orbital moment. The full
inversion of the unquenched moment is a seemingly forbidden transition (Am
= 4) that defies the selection rules that apply to the spin (Am = 1); we justify this
apparent violation of momentum conversation in terms of the Einstein-de Haas
effect.

068.7 Wed10:30 P
Hyperfine fields of magnetic adatoms on ultrathin insulating films —
«SUFYAN SHEHADA"?, MANUEL DOS SaNTOs Dias’, FILIPE Souza MENDES
GUIMARAESI, MuUAYAD ABUSAA> , and SAMIR Lounis™* — Peter Griinberg In-
stitut and Institute for Advanced Simulation, Forschungszentrum Jilich & JARA,
52425 Jiilich, Germany — *Department of Physics, RWTH Aachen University,
52056 Aachen, Germany — *Department of Physics, Arab American Univer-
sity, Jenin, Palestine — *Faculty of Physics, University of Duisburg-Essen, 47053
Duisburg, Germany
Individual nuclear spin states can have very long lifetimes and could be use-
ful as qubits. Promising steps in this direction were realized on MgO/Ag(001)
via STM detection of the hyperfine interaction (HFI) of Fe and Ti adatoms [1]
and the electrical control of the nuclear polarization of Cu adatoms [2]. Here,
we report on systematic first-principles calculations of the HFI for 3d adatoms
(Sc-Cu) atop ultra-thin insulators (MgO, NaF, NaCl, h-BN and Cu,N) [3]. We
analyze the trends and the dependence of the computed HFI on the filling of the
magnetic s and d-orbitals of the adatoms and on bonding type and strength with
the substrate. Finally, we identify promising candidates for future experimental
investigations with scanning probe techniques.
-Work funded by the Palestinian-German Science Bridge (BMBF-01DH16027)
and Horizon 2020-ERC (CoG 681405-DYNASORE).
[1] Willke et al., Science 362, 336 (2018); [2] Yang et al., Nat. Nanotechnol. 13,
1120 (2018); [3] Shehada et al. ArXiv:2012.11639.
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069.1 Wed10:30 P
Nano-scale analysis of Phase Change Material thin films using a Scattering-
type Scanning Near-field Optical Microscope (s-SNOM) — «OXANA MAURER,
JULIAN BARNETT, KONSTANTIN WIRTH, LISA SCHAFER, MATTHIAS WUTTIG, and
THOMAS TAUBNER — Institute of Physics (IA), RWTH Aachen
Phase Change Materials (PCMs) possess two or more different states with a dis-
tinct contrast in optical and electrical properties. The states can be switched
in a reversible and non-volatile manner, leading to applications in optical and
electrical data storage, but also in photonics and thermoelectrics. PCMs exhibit
a bonding mechanism referred to as metavalent bonding (MVB)[1], which is
characterised by a competition between electron localisation and delocalisation.
Based on theoretical calculations, indications of MVB seem to persist down to
the 2D limit [2], e.g GeTe shows PCM properties down to a few bilayers and its
band gap is increasing for decreasing film thickness. To verify this, the optical
near-field response of ultrathin PCM films are investigated with a scattering-type
Scanning Near-field Optical Microscope (s-SNOM). Until now, a fundamental
understanding of band gap effects on the s-SNOM contrast is lacking. Therefore,
our measurements are combined with theoretical modelling to gain insight into
the s-SNOM contrast changes introduced by band gaps.

[1] B. J. Kooi, M. Wuttig (2020) Adv. Mater. 32, 1908302
[2] I. Ronneberger, et al. (2020) Adv. Mater. 30, 2001033

069.2 Wed10:30 P
Infrared super-resolution microscopy of phonon polariton modes by sum-
frequency generation — eRICHARDA NIEMANN', SOREN WASSERROTH',
GUANYU LUZ, CHRISTOPHER R. GUBBIN3, MARTIN WOLFl, SIMONE DE
LIBERATO3 , JosHUA D. CALDWELLZ, and ALEXANDER PAARMANN' — !Fritz-
Haber-Institut, Berlin, Germany — 2Vanderbilt University, Nashville, USA —
3University of Southhampton, Southhampton, UK
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Nanophotonics is based on the subdiffractional localization of light by surface
polariton modes. Its devices enable the modulation of light matter interaction on
the nanometer scale by specifically designed subdiffractional nanostructures. In-
herently, though, the spatial resolution for optical characterization of the polari-
tonic modes is limited by the diffraction limit. Here, we demonstrate a novel ap-
proach that overcomes this limitation by using Infrared-Visible Sum-Frequency
Generation (IR-VIS-SFG) wide-field microscopy.

After the first SFG microscopy study of a nanophotonic system [1], we here
demonstrate subdiffractional spatial resolution of <1 #m when imaging phonon
polariton modes in SiC nano pillar structures at a wavelength of A = 11 ym using
the wide-field approach. The wide tunability of the infrared free-electron laser
[2] used as the infrared light source enables full spectral mapping of the polari-
tonic modes in various simple subdiffractional structures, providing access to
the polariton mode formation for the first time.

[1] Kiessling et al., ACS Photonics, (2019)

[2] Schollkopf et al., Proc. of SPIE (2015)

0693 Wed10:30 P
Plasmonic antenna coupling to hyperbolic phonon polaritons for sensi-
tive and fast mid-infrared photodetection with graphene — «SEBASTIAN
CASTILLAI, JOANNIS VANGELIDISZ, VARUN-VARMA PUSAPATII, JORDAN
GOLDSTEINa, TETIANA SLIPCHENKO4, Luis MARTIN-MORENO4, Dirk
ENGLUND , KrAAs-JAN TIELROOI]5 , RAINER HILLENBRAND6, ELEFTERIS
Liporikis?, and FRank Koppens' — 'ICFO - The Institute of Photonic
Sciences, Castelldefels (Barcelona), Spain — 2University of Ioannina —
3Massachusetts Institute of Technology — *University of Zaragoza — *Catalan
Institute of Nanoscience and Nanotechnology (ICN2) — $CIC nanoGUNE
In this work, we show the realization of a new concept room temperature ul-
trafast infrared photodetector that exceeds any commercial technology. It has
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a response time of <15 nanoseconds (setup limited), while at the same time
showing excellent sensitivity: we extracted a NEP down to 82 pw/VHz at 6 ym.
Our approach consists in exploiting the efficient coupling of plasmonic antennas
with hyperbolic phonon-polaritons (HPPs) in hBN for highly concentrate mid-
infrared light into a graphene pn junction in order to overwhelm its low absorp-
tion and small photoactive area. The antennas plasmonic resonances spectrally
overlap within the upper reststrahlen band of hBN (6-7 ym), thus launching ef-
ficiently these HPPs and guiding them with constructive interferences towards
the photodetector active area. These experimental results are in excellent quan-
titatively agreement with a novel multiphysics model, which includes optical,
thermal and electrostatic simulations.

069.4 Wed10:30 P
Spectrally resolved near-field response of mid-IR phonon-polariton anten-
nas — eANDREA MANCINII, CHRISTOPHER R. GUBBINZ, RoDRIGO BERTél,
FRANCESCO MARTIN12'3, ALBERTO POLITIZ, EMILIANO CORTESI, Y1 L11’4, S1-
MONE DE LIBERATO?, and STEFAN A. MAIER"™ — !Chair in Hybrid Nanosys-
tems, Nanoinstitute Munich, LMU Miinchen, Germany — 2School of Physics

and Astronomy, University of Southampton, United Kingdom — >Istituto di Fo-
tonica e Nanotecnologie - CNR, Via Cineto Romano, Italy — *School of Micro-
electronics, Southern University of Science and Technology, Shenzhen, China —
5Department of Physics, Imperial College London, United Kingdom

As the optical behavior of metals approaches the one of perfect conductors at
longer wavelengths, the efficiency of plasmonic antennas for light confinement
is reduced in the infrared (IR) range. Efficient field confinement in the mid-
IR, which can be particularly useful for ultra-sensitive and chemically-selective
spectroscopy of molecular vibrations, can be achieved with antennas supporting
localized surface phonon polaritons. Due to the presence of evanescent waves
that do not propagate, far-field measurements cannot fully characterize the be-
havior of antennas in the near-field region. We employ scattering-scanning near
field optical microscopy to unveil the spectral near-field response of 3C-SiC an-
tenna arrays. We compare far-field and near-field spectra, and demonstrate the
existence of a mode with no net dipole moment, absent in far-field spectra, but
of importance for applications that exploit the heightened electromagnetic near
fields.

0 70: Poster Session V: Poster to Mini-Symposium: Frontiers of electronic-structure theory Il
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070.1 Wed10:30 P
The coordination corrected enthalpies method in AFLOW — eRico
FriepricH"?, Marco EsTers', Corey Oses', STuart Ki', MAXWELL ].
BRENNERI, Davip HICKsl, MICHAEL J. MEHLI, MAHDI GHORBANI—ASLZ,
ARKADY KRASHENINNIKOV?, CORMAC TOHER', and STEFANO CURTAROLO'?
— ICenter for Autonomous Materials Design, Duke University, USA —
2Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany — °Materials
Science, Electrical Engineering, Physics and Chemistry, Duke University, USA
The AFLOW database and software leverages ab initio calculations for au-
tonomous materials design [1]. The predictive power critically relies on accu-
rate formation enthalpies - quantifying the thermodynamic stability of a com-
pound. For polar materials such as chalcogenides (e.g. oxides), pnictides (e.g.
nitrides), and halides, standard semi-local DFT leads to errors of several hun-
dred meV/atom [2,3].

We have recently developed the "coordination corrected enthalpies” (CCE)
method yielding highly accurate room temperature formation enthalpies with
mean absolute errors down to 27 meV/atom [3]. Here, we introduce AFLOW-
CCE: a tool where users can input a structure file of their system and receive the
CCE corrections, or even the CCE formation enthalpies if pre-calculated LDA,
PBE or SCAN formation enthalpies are provided. The results can be used for the
computational design of e.g. 2D materials.

[1] S. Curtarolo et al., Comput. Mater. Sci. 58, 218 (2012).
[2] V. Stevanovi¢ et al., Phys. Rev. B 85, 115104 (2012).
[3] R. Friedrich et al., npj Comput. Mater. 5, 59 (2019).

0702 Wed10:30 P
Non-perturbative modelling of exciton-phonon interactions in organic semi-
conductors — «ANTONIOS M. ALVERTIS!, TiMoTHY J.H. HeLe?, and BARTOMEU
MonserraT® — ! Cavendish Laboratory, University of Cambridge, J.,J., Thomson
Avenue, Cambridge CB3 OHE, United Kingdom — 2Department of Chemistry,
University College London, 20, Gordon Street, London WC1H 0A], United
Kingdom — *Department of Materials Science and Metallurgy, University of
Cambridge, 27 Charles Babbage Road, Cambridge CB3 OFS, United Kingdom
The optoelectronic response of organic semiconductors is dominated by ex-
citons, which often strongly interact with phonons. This makes perturbation
theory insufficient for describing exciton-phonon interactions in these materi-
als. Here we present a non-perturbative methodology for accurately capturing
exciton-phonon interactions to all orders, combining finite differences meth-
ods for phonons with GW-BSE or TD-DFT calculations for crystalline or iso-
lated systems respectively. We show that exciton spatial delocalisation is the
main parameter controlling the magnitude of its coupling to phonons and reveal
the microscopic mechanism of exciton temperature- and pressure-dependence
in molecular crystals. Furthermore, accounting for nuclear quantum motion
is found to be critical for achieving quantitative accuracy in the prediction of
exciton energies, both for single molecules and periodic systems. Overall, we
provide a unified picture of exciton-vibration interactions in organic semicon-
ductors, reconciling the complementary views of finite molecular clusters and
periodic molecular solids.

0703 Wed10:30 P
Ultrafast control of material optical properties via the infrared-resonant Ra-
man effect — «GURU KHALSA, NICOLE BENEDEK, and JEFFREY MOsES — Cornell
University, Ithaca, NY, USA
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The Raman effect - the inelastic scattering of light by lattice vibrations - provides
an important tool for conversion of light from one color to another in optical
physics, and is ubiquitous in materials characterization because of its fundamen-
tal connection to crystal symmetry. The Raman effect is dominated by changes
to the electronic susceptibility in the UV and visible frequency ranges. However,
in the mid- and far-IR, nonlinear contributions to the lattice polarization provide
additional Raman pathways, which have been little explored.

Using a combination of theory and first-principles calculations, we derive and
evaluate symmetry relations and complete expressions for the Raman effect in in-
sulating crystalline materials including all electronic and lattice-mediated path-
ways. We show that when infrared-active phonons are resonantly excited, the
Raman effect may be dominated by direct changes to the lattice polarizability
induced by Raman phonons. Applying this approach to the archetypal per-
ovskite SrTiO3, we show that this infrared-resonant Raman effect can induce
optical symmetry breaking and giant refractive index shifts that are tailored by
the incident light polarization and which infrared active phonons are excited.
(arXiv:2011.02010)

0704 Wed10:30 P
Non-Perturbative Theory of Charge Transport in Crystalline Solids —
*CHRISTIAN CARBOGNO and MATTHIAS SCHEFFLER — Fritz-Haber-Institut der
Max-Planck-Gesellschaft
Our understanding of charge transport in crystalline solids predominantly relies
on the Boltzmann transport equation. However, its perturbative approximations
for the nuclear dynamics and for its coupling to the electrons can be inaccurate
in complex materials [1]. We present an alternative, non-perturbative ab initio
Green-Kubo approach based on a new formulation of the flux viz. polarization. It
can be evaluated via ab initio molecular dynamics and only requires gauge-fixed
properties. At variance with Berry phase approaches [2], it can thus be eval-
uated for (semi-)conductors at finite temperatures featuring thermal electronic
excitations. We demonstrate our methodology by calculating the electrical con-
ductivity for 2D honeycomb lattices as well as for the harmonic material Si and
the anharmonic perovskite SrTiO;. Furthermore, we systematically compare
to non-perturbative Kubo-Greenwood calculations and discuss why the latter
approach has so far only been numerically applicable for materials with strong
structural disorder [3], i.e., when the dispersion in reciprocal space is negligible.
[1] M. Zacharias, M. Scheffler, and C. Carbogno, Phys. Rev. B 102, 045126
(2020).
[2] R. D. King-Smith and D. Vanderbilt, Phys. Rev. B 47, 1651 (1993).
[3] B. Holst, M. French, and R. Redmer, Phys. Rev. B 83, 235120 (2011); C. Di
Paola, et al., Phys. Rev. Research 2, 033055 (2020).

0705 Wed10:30 P
Uncovering the Relationship Between Thermal Conductivity and Anhar-
monicity with Symbolic Regression — *THOMAS PURCELL, MATTHIAS SCHEF-
FLER, LUCA GHIRINGHELLI, and CHRISTIAN CARBOGNO — Fritz-Haber-Institut
der Max-Planck-Gesellschaft, Berlin, Germany
Quantitatively understanding the link between anharmonicity and thermal con-
ductivity, , is pivotal to the search for better thermal insulators. While it is qual-
itatively known that more anharmonic materials have a lower «, until recently,
no quantitative measure of anharmonicity existed. Here we present descriptors
of  based on our new measure of anharmonicity, 0 [1]. We find the analytical
expressions with symbolic regression, via the sure-independence screening and
sparsifying operator (SISSO) method [2]. To better capture the nonlinearities in
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the correlation between x and O‘A, we introduce an automatic scaling and shift-
ing of the input data when generating new features like exp (ax + a). Using our
new strategy, we generate expressions that are competitive with those previously
reported in the literature using only a third of primary the features [3], and re-
duce the test error of the models when compared to traditional SISSO. Finally,
we discuss the implications of the new models on future materials design.

[1] E Knoop, et al. Phys. Rev. Mat. 4. 083809 (2020)

[2] R. Ouyang, et al. Phys. Rev. Mat. 2. 083802 (2018)

[3] L. Chen, et al., . Com. Mat. Si. 170. 109155 (2019)

0706 Wed10:30 P
Excited Electron Enhanced Defect Diffusion in MgO under Ultrafast Laser Ir-
radiation — *YIFAN YA0 and ANDRE SCHLEIFE — University of Illinois, Urbana-
Champaign
Electronic excitation of defect states has been predicted to enhance ion diffu-
sion via manipulating the explicit electron distribution. Due to the induced
non-linear excitation, the ultrafast laser can offer a novel opportunity to control
the electron dynamics in materials. Hence, a detailed understanding of laser-
materials interaction is vital for manufacturing with nanoscale precision but still
remains unclear, due to its non-linear and non-equilibrium character. Here, we
use oxygen vacancy migration in MgO as an example to study the ion diffusion
in laser-irradiated materials. We apply real-time TDDFT, which can accurately
describe such nonlinear effects, to calculate the time-evolution of the occupation
number under different laser frequencies and intensities. Comparison to the dis-
tribution of hot electrons following proton irradiation can provide insights into
how diffusion enhancement can be achieved by the transient localized electron
dynamics and how it depends on specific laser parameters.

We acknowledge ONR N00014-18-1-2605 for financial support.

070.7 Wed10:30 P
Modelling the structural and charge transport properties of merocya-
nine single-crystals — «NoORA GiLDEMEISTER!, FABRIZIA NEGRI?, KLAUS
MeEerHOLZ', and DaNIELE Fazzi' — Insitut fiir Physikalische Chemie, De-
partment Chemie, Universitit zu Koln, Greinstr. 4-6, D - 50939 Koéln —
2Dipartimento di Chimica, Universita di Bologna, via F. Selmi 2, 40126 Bologna,
Italy
Merocyanines are highly polar organic 7-conjugated molecules investigated for
their self-assembly and optoelectronic properties. The accurate description of
their molecular, electronic and vibrational structure remains a challenge due to
strong electron correlation effects and long-range inter-molecular interactions.
(1-2]

We report a comprehensive analysis modelling intra- and inter-molecular
charge transport properties for a library of different donor-acceptor units and
lateral groups. We found that constrained DFT is an effective embedding
method to correctly assess the molecular and electronic structure in single crys-
tals. Charge mobilities were computed within the semiclassical nonadiabatic
electron-transfer theory by analysing different single crystals and highlighting
the impact of side groups and casting conditions. Computed and experimental
values are in good agreement. Our modelling suggests that charge diffusion is
maximized when dipolar molecules are packed in slipped anti-symmetric pairs,
arranged in 2D interconnected architectures. [3]

[1] C. Briickner, et al., J. Phys. Chem. C 2015, 17602-17611. [2] D. Bialas,
et al,, J. Phys. Chem. C 2019, 123, 30, 18654-18664. [3] N. Gildemeister, et al.
Paper in preperation.
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Invited Talk 0711 Wed13:45 RI1
Machine learning for novel functional materials — «PAscAL FRIEDERICH —
Karlsruhe Institute of Technology, Germany

During the last decade, machine learning (ML) algorithms were increasingly ap-
plied to questions in the physical sciences, e.g. to automate labs, to accelerate
simulations, and to solve inverse problems such as the design of new materi-
als. This talk will show our recent work on combining ML models with conven-
tional tools to accelerate simulations and to obtain new scientific insight. Firstly,
we show that ML enables the analysis of energy disorder in amorphous organic
semiconductors which is of high relevance to understand charge transport in de-
vices such as OLEDs.[1] Secondly, we will show how ML models can accelerate
ab-initio photodynamics simulations of small molecules to unprecedented sim-
ulation times of 10 ns and more.[2] Thirdly, we will show how a combination of
graph representations and basic ML regression models can provide scientific in-
sight into organic electronics as well as quantum optical experiments in a highly
intuitive and human interpretable way.[3]

[1] The influence of sorbitol doping on aggregation and electronic proper-
ties of PEDOT:PSS, P. Friederich, S. Leon, J. D. Perea Ospina, L. Roch and A.
Aspuru-Guzik, MLST, 2020. [2] Nanosecond Photodynamics Simulations of
a cis-transIsomerization are Enabled by Machine Learning, J. Li, P. Reiser, A.
Eberhard, P. Friederich, and S. A. Lopez, DOI: 10.26434/chemrxiv.13047863.v1,
2020. [3] Scientific intuition inspired by machine learning generated hypotheses,
P. Friederich, M. Krenn, I. Tamblyn, A. Aspuru-Guzik, arXiv:2010.14236, 2020.

0712 Wed14:15 RI1
Automated Tip Functionalization and Image interpretation with Machine
Learning in Atomic Force Microscopy — BENJAMIN ALLprITT', CHEN XU',
Proxop HAPALAZ, ONDRE]J KREICII, «FEDOR URTEVI, FiLippo FEDERICI
CANOVA1’3, Juno KANNALAI, PETER LIL]EROTHl, and Apam FosTErbM® —
1 Aalto University, Espoo, Finland — 2Czech Academy of Sciences, Prague,
Czechia — *Nanolayers Research Computing Ltd., London, UK — *Graduate
School Materials Science in Mainz, Germany — >WPI Nano Life Science Insti-
tute, Kanazawa, Japan
Atomic force microscopy (AFM) is ubiquitous nanoscale characterisation tech-
nique to measure a 3D map of surface roughness at atomic resolutions [1]. AFM
data interpretation and quantitative analysis for complex mixtures of molecules
and bulky 3D molecules can be difficult [2], due to the complex nature of con-
trast in AFM images, and need significant acceleration and automation to make
AFM technique available to a wide range of laboratories and clinics. Here, we in-
troduce a machine learning (ML) approach both for the preparation of AFM ex-
periments and for data interpretation in AFM. For the first objective our method
involves a convolutional neural network (CNN) that has been trained to analyse
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the quality of a CO-terminated tip. For the interpretation of AFM images, we
introduce ML image descriptors characterising the molecular configuration, al-
lowing us to predict the molecular structure directly. [1] L. Gross et al., Science,
vol. 325, no. 5944, (2009). [2] O. M. Gordon and P. J. Moriarty, Mach. Learn.
Sci. Technol., vol. 1, no. 2, (2020).

0713 Wed14:30 R1
Automatic image evaluation of aberration-corrected HRTEM images of 2D
materials. — *CHRISTOPHER LEIST, HAOYUAN QI, and UTE KAISER — Cen-
tral Facility for Electron Microscopy,of Electron Microscopy Group of Materials
Science, Ulm University, 89081 Ulm, Germany
Aberration-corrected high-resolution transmission electron microscopy
(HRTEM) allows for unambiguous elucidation of atomic structures down to
sub-Angstrom scale. By determining the positions of each single atom, the
distribution and local variation of bond lengths and angles can be evaluated sta-
tistically. However, conventional image analysis methods, e.g., handcrafted filter
kernels, often requires heavy user supervision and tremendous time cost, posing
strong limitations on the data volume for statistical analysis. The incompetence
in handling big data volume also incurs the risk of user-induced selection bias,
leading to overestimation of low-probability phenomena. Here, we developed a
neural network of U-net architecture for automatic analysis of atomic positions
in HRTEM images. A combination of networks can be applied to automatically
evaluate image series, including automatic exclusion of image regions unusable
for evaluation. This method results in large statistics thus reducing the impact of
individual errors. The networks are trained with simulated data which reduces
user bias and gives a time inexpensive way of generating the required training
data. Its implementation on various 2D carbon materials is compared to one
another. The distribution of bond angles in CVD graphene, determined by this
method, shows excellent agreement with literature.

0714 Wed14:45 RI1
Active Discovery of Organic Semiconductors — ¢CHRISTIAN KUNKEL"?,
JoHANNES T. MARGRAFI, Ke CHENI, HARALD OBERHOFERI, and KARSTEN
ReuTer"? — !Chair for Theoretical Chemistry and Catalysis Research Center
— 2Fritz-Haber Institut der Max-Planck-Gesellschaft
Improving charge-transport of organic semiconductors (OSCs) for electronic
applications is usually tackled by empirical structural tuning of promising com-
pounds. Howver, the versatility of organic molecules generates a rich design
space whose vastness dictates efficient search strategies. We thus here present
an active machine learning (AML) approach that explores this virtually unlim-
ited design space iteratively. Judging suitability of OSC candidates by charge
injection and mobility-related descriptors, the AML approach iteratively queries
first-principle evaluation on well-selected molecules. We first optimize the ap-
proach in a fully characterized, but truncated molecular test space, gaining deep
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methodological insight about its exploratory behavior. Outperforming a con-
ventional computational funnel, the devised algorithm can thereby successfully
leverage its gradually improving knowledge and focus on promising regions
of the design space. When subsequently lifting the artificial truncation, high-
performance candidates are constantly found while the algorithm meanders ever
more deeply through the endless OSC design space. The demonstrated high ef-
ficiency in the detection of candidate compounds with superior charge conduc-
tion properties highlights the usefulness of autonomously operating systems for
a targeted OSC design.

Invited Talk 0715 Wed15:00 RI1
Theory-informed Machine Learning for Surface and Interface Structure Re-
construction from Experimental Data — Eric SCHWENKER", CHAITANYA
KorLuru™? , MARCEL CHLUPSAI, ARUN MANNODI KANAKKITHODII, RICHARD
HENNIG3, PIERRE DARANCETI’Z, and «MaRriA CHAND? — 1Argonne National
Laboratory, Lemont, USA — 2Northwestern University, Evanston, USA —
3University of Florida, Gainsville, USA

Determining atomistic structure at surfaces and interfaces is challenging be-
cause metastable surfaces/interfaces are likely accessible under realistic condi-
tions, rendering energy-only searches insufficient, and experimental data often
give incomplete information. Therefore, neither theory nor experimental data
alone is sufficient to determine these structures. In this talk, we will discuss how
we use machine learning to combine experimental and theory-based data to de-
termine surface and interface structures.

0 72: Mini-Symposium: Coherent band structure engineering with light li
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Invited Talk 0721 Wed13:30 R2
On the survival of Floquet-Bloch states in the presence of scattering —
*IsaBELLA GIERZ — University of Regensburg, Institute for Experimental an Ap-
plied Physics

Floquet theory has spawned many exciting possibilities for electronic structure
control. The experimental realization in solids, however, still largely remains
pending. Despite the enormous potential for future applications, the influence
of scattering on the formation of Floquet-Bloch states remains poorly under-
stood. Here we combine time- and angle-resolved photoemission spectroscopy
(tr-ARPES) with time-dependent density functional theory (TDDFT) and a sim-
ple two-level system with dissipation to investigate the survival of Floquet-Bloch
states in the presence of scattering. We find that Floquet-Bloch states will be de-
stroyed if scattering — activated by electronic excitations — prevents the Bloch
electrons from following the driving field coherently. The two-level system also
shows that Floquet-Bloch states reappear at high field intensities where energy
exchange with the driving field dominates over energy dissipation to the bath.
Our results clearly indicate the importance of long scattering times combined
with strong driving fields for the successful realization of various Floquet phe-
nomena.

0722 Wed14:00 R2
Ultrafast spin-dependent band structure renormalization of a molecu-
lar/2D semiconductor heterostructure by the formation of interlayer exci-
tons — <BENITO ARNOLDII, SEBASTIAN HEDWIGI, SARA ZACHRITZZ, OLIVER
L.A. MONTIZ’3, MARTIN AESCHLIMANNI, and BENJAMIN STADTMULLER! —
1Department of Physics, University of Kaiserslautern, Erwin-Schroedinger-
Strasse 46, Kaiserslautern 67663, Germany — “Department of Chemistry and
Biochemistry, University of Arizona, Tucson, Arizona 85721, United States —
*Department of Physics, University of Arizona, Tucson, Arizona 85721, United
States
Engineering the spin-dependent band structure of atomically thin materials with
ultra-short light pulses offers the intriguing possibility to control spin and charge
carrier functionalities on smallest length and fastest time-scales. Here, we ex-
plore the transient band structure dynamics of a heterostructure between Cg,
and WSe, after optical excitation with fs light pulses. The ultrafast charge car-
rier dynamics of the interface is investigated by time-, spin- and angle-resolved
photoemission spectroscopy. Resonant optical excitation of the molecular layer
instantaneously results in the formation of excitons within the Cgq layer. These
excitons transform within 200 fs into interlayer excitons, which are trapped at
the heterostructure interface for 14 ps. Most interestingly, the formation of the
interlayer excitons coincides with a transient spin-dependent renormalization of
the valence band structure of WSe,. This transient spin texture modification is
attributed to the charge transfer character to the interlayer excitons at the inter-
face.

0723 Wed14:15 R2
Ultrafast Dynamical Lifshitz Transition — sSaMUEL BEaULIEU"?, SHUO
DONGI, NicoLrAs TANCOGNE-DEIEAN3, MACIEy DENDZIK1’4, ToMMASO
PINCELLII, JuLiAN MAKLARI, R. PATRICK XIANI, MICHAEL SENTEF3, MAR-
TIN W0L1=1, ANGEL RUBIOS'S, LAURENZ RETTIGI, and RALPH ERNSTORFER!
— !Fritz Haber Institute of the Max Planck Society, Faradayweg 4-6, 14195
Berlin, Germany — 2Université de Bordeaux - CNRS - CEA, CELIA, UMR5107,
F33405 Talence, France — >Max Planck Institute for the Structure and Dynamics
of Matter, Luruper Chaussee 149, 22761 Hamburg, Germany — *Department of
Applied Physics, KTH Royal Institute of Technology, Electrum 229, SE-16440,
Stockholm, Kista, Sweden — >Center for Computational Quantum Physics
(CCQ), The Flatiron Institute, 162 Fifth Avenue, New York NY 10010
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Fermi surface is at the heart of our understanding of metals and strongly cor-
related many-body systems. An abrupt change in the Fermi surface topol-
ogy, also called Lifshitz transition, can lead to the emergence of fascinating
phenomena like colossal magnetoresistance and superconductivity. Combining
time-resolved multidimensional photoemission spectroscopy with state-of-the-
art TDDFT+U simulations, we introduce a novel scheme for driving an ultra-
fast Lifshitz transition in the correlated type-II Weyl semimetal Ty-MoTe,. We
demonstrate that this non-equilibrium topological electronic transition finds its
microscopic origin in the dynamical modification of the effective electronic cor-
relations.

Invited Talk 0724 Wed14:30 R2
Light-induced anomalous Hall effect in graphene — ¢JaMEs MCIVER — Max
Planck Institute for the Structure and Dynamics of Matter, Hamburg, Germany
Optical driving has been proposed as a means of engineering topological proper-
ties in topologically trivial systems. One proposal for such a ”Floquet topological
insulator” is based on breaking time-reversal symmetry in graphene through
a coherent interaction with circularly polarized light [1]. This was predicted
to lift the degeneracy of the Dirac point, opening a topological band gap in
the resulting photon-dressed band structure accompanied by the formation of
dressed chiral edge states [2]. In this talk, I will report on our recent observa-
tion of a light-induced anomalous Hall effect in monolayer graphene driven by
an intense femtosecond pulse of circularly polarized light [3]. We probed elec-
trical transport using an ultrafast device architecture based on photoconduc-
tive switches. The dependence of the anomalous Hall effect on a gate potential
used to tune the equilibrium Fermi level revealed multiple features that reflect a
Floquet-engineered topological band structure. This included an approximately
60 meV wide conductance plateau centered at the Dirac point, where a gap of
equal magnitude was predicted to open. We found that when the Fermi level
was tuned within this plateau, the estimated anomalous Hall conductance satu-
rated around 1.8 +/- 0.4 eA2/h. [1] T. Oka & H. Aoki. Phys. Rev. B 79, 081406
(2009) [2] T. Kitagawa et al. Phys. Rev. B 84, 235108 (2011) [3] J.W. Mclver et
al. Nature Physics 16, 38 (2020)

0725 Wed15:00 R2
Observing Light-Induced Floquet Band Gaps in the Longitudinal Conductiv-
ity of Graphene — sLukas Broers"? and Lupwic MaTueyY">® — ! Center for
Optical Quantum Technologies, University of Hamburg, 22761 Hamburg, Ger-
many — “Institute for Laser Physics, University of Hamburg, 22761 Hamburg,
Germany — >The Hamburg Center for Ultrafast Imaging, Luruper Chaussee 149,
22761 Hamburg, Germany
We propose optical longitudinal conductivity as a realistic observable to de-
tect light-induced Floquet band gaps in graphene. These gaps manifest as res-
onant features in the conductivity, when resolved with respect to the probing
frequency and the driving field strength. We demonstrate these features via a
dissipative master equation approach which gives access to a frequency- and
momentum-resolved electron distribution. This distribution follows the light-
induced Floquet-Bloch bands, resulting in a natural interpretation as occupa-
tions of these bands. Furthermore, we show that there are population inversions
of the Floquet-Bloch bands at the band gaps for sufficiently strong driving field
strengths. This strongly reduces the conductivity at the corresponding frequen-
cies. Therefore our proposal puts forth not only an unambiguous demonstration
of light-induced Floquet-Bloch bands, which advances the field of Floquet engi-
neering in solids, but also points out the control of transport properties via light,
that derives from the electron distribution on these bands.

Open discussion
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Invited Talk 0731 Wed13:30 R3
Theoretical insights into Dzyaloshinskii-Moriya interaction in nanostruc-
tures based on transition metals, oxides and 2D materials — ¢MAIRBEK
CHSHIEV — Univ. Grenoble Alpes, CNRS, CEA, Spintec, Grenoble, France
Spin-orbit coupling (SOC) based phenomena at interfaces comprising ferro-
magnetic (FM) and nonmagnetic (NM) metals, oxides (O) and/or 2D materials
have been of major interest [1,2]. Here we elucidate microscopic mechanisms
of Dzyaloshinskii-Moriya interaction at FM/NM [3,4], FM/O [4,5] and FM/2D
[6,7] interfaces. In particular, we show that while the DMI at FM/NM interfaces
is governed by Fert-Levy model [3], in case of FM/O or FM/graphene interfaces
the DMI is mainly due to Rashba SOC [4,6]. In addition, several approaches
for DMI enhancement are presented [4] that allowed observation of room tem-
perature skyrmions [5]. Possibility of controlling DMI by voltage (VCDMI) at
NM/FM/O [4,8] or by hydrogenation at FM/graphene interfaces [7] are dis-
cussed as well. Finally, DMI mechanisms and potential of realizing skyrmion
states in 2D magnets are discussed [9,10].

[1] B. Dieny and M. Chshiev, Rev. Mod. Phys. 89, 025008 (2017); [2] S. Roche
et al, 2D Materials 2, 030202 (2015); [3] H. X. Yang et al, Phys. Rev. Lett. 115,
267210 (2015); [4] H. X. Yang et al, Sci. Rep. 8, 12356 (2018); [5] O. Boulle et al,
Nat. Nanotech. 11, 449 (2016); [6] H. X. Yang et al, Nat. Mater. 17, 605 (2018);
[7] B. Yang et al, Phys. Rev. B 101, 014406 (2020); [8] T. Srivastava et al, Nano
Lett. 18, 4871 (2018) [9] J. Liang et al, Phys. Rev. B 101, 184401 (2020); [10]
T.-E. Park et al, arXiv:1907.01425.

0732 Wed14:00 R3
Prospecting chiral multi-site interactions in prototypical magnetic systems
— «MANUEL DOS SANTOS DIASI, SASCHA BRINKERI, and Samir Lounisb? —
! Peter Griinberg Institut and Institute for Advanced Simulation, Forschungszen-
trum Jiilich and JARA, 52425 Jiilich, Germany — *Faculty of Physics, University
of Duisburg-Essen, 47053 Duisburg, Germany
Atomistic spin models can successfully explain the properties of magnetic mate-
rials once the relevant magnetic interactions are identified. Recently, new types
of chiral interactions that generalize the Dzyaloshinskii-Moriya interaction have
been proposed [1,2,3,4]. Here, we present a systematic construction of a gen-
eralized spin model containing isotropic and chiral multi-site interactions, mo-
tivated by a microscopic model, and their symmetry properties are established.
We show that the chiral interactions arise solely from the spin-orbit interaction
and that the multi-site interactions do not have to follow Moriya’s rules, unlike
the Dzyaloshinskii-Moriya interaction [1,4]. We then report on density func-

Location: R3

tional theory calculations for prototypical magnetic systems, Cr, Mn, Fe and Co
trimers and tetrameters on the Re(0001), Pt(001), Pt(111) and Au(111) surfaces.
The multi-site interactions are substantial in magnitude and cannot be neglected
when comparing the energy of different magnetic configurations.

[1] S. Brinker, M. dos Santos Dias and S. Lounis, New J Phys 21, 083015 (2019);
[2] A. Laszloffy et al., Phys Rev B 99, 184430 (2019); [3] S. Grytsiuk et al., Nat
Commun 11, 511 (2020); [4] S. Brinker, M. dos Santos Dias and S. Lounis, Phys
Rev Research 2, 033240 (2020)

0733 Wed14:20 R3
DMI in intercalated Pt/Co/graphene thin films: localization in reciprocal
and real space — MARIA BLaNcO-REY"?, MIkHAIL OTROKOV>*?, ANDRES
ArnNau®"?, and ¢JORGE 1. CerDA® — 'Universidad del Pais Vasco UPV/EHU,
Spain — *Donostia International Physics Center DIPC, Spain — 3Ikerbasque
Foundation, Spain — *Centro de Fisica de Materiales CFM, CSIC-UPV/EHU,
Spain — SInstituto de Ciencia de Materiales de Madrid ICMM, CSIC, Spain
The Dzyaloshinskii-Moriya interaction (DMI) of Pt(111)/Co and Pt(111)/Co/G
films (G=graphene), with face-centered tetragonal Co, has been studied by first-
principles calculations in two thickness regimes. For ultrathin Co we find that
interlayer additivity of the DMI breaks down and the D-vectors acquire a siz-
able out-of-plane component. For 5SML Co, DMI localizes at the interfaces and
is mainly contributed by the Pt/Co interface. Indeed, an spectral analysis in re-
ciprocal space shows the largest DMI contributions at the crossings of highly-
dispersive Pt substrate bands with Co-d bands. Interestingly, the Co/vaccum
interface chirality, which is the same as in Pt/Co and smaller in energy by only
one order of magnitude, is switched by the effect of graphene. We find that, to
account for the DMI energy in this system, a model that includes at least second
nearest-neighbour lateral Co-Co interactions is needed.

Invited Talk 0734 Wed14:40 R3
Dzyaloshinskii-Moriya Interaction in magnetic layered systems — ¢ALBERT
FERT — CNRS-Thales, Palaiseau, France

I will be the moderator of the mini-Symposium Dzyaloshinskii-Moriya Interac-
tion (DMI) in magnetic layered systems. The DMIs are generated by the com-
bination of the spin-orbit coupling and the breaking of inversion symmetry by
the interfaces of the layered systems. There are related to the Rashba interactions
generated by the same conditions. We will discuss the relation between DMI and
Rashba in the different situations of metal/metal or metal/oxide interfaces and
van der Waals interfaces.

O 74: Poster Session VI: Oxide and insulator surfaces: Structure, epitaxy and growth Il

Time: Wednesday 13:30-15:30

0741 Wed13:30 P
Reduction of the a-Fe,0;(1102) surface to Fe;0, — *ERIK RHEINFRANK', GI-
ADA FRANCESCHIl, Icor SOKOLOVIél, JESUS REDONDOZ, PAVEL PROCHAZKA3,
NISHANT KUMAR3, ONDREJ MAN3, JaN MICHALICKA3, JaNn CECHAL3, MICHAEL
SCHMIDI, GARETH S. PARKINSONI, ULRIKE DIEBOLDI, and MICHELE Riva! —
"Institute of Applied Physics, TU Wien, Austria — “Charles University, Faculty
of Mathematics and Physics, Prague, Czech Republic — 3CEITEC, Brno, Czech
Republic
Iron oxides list among the most abundant compounds in Earth’s crust and are
involved in many natural processes as well as in a wide range of applications. To
understand their fundamental surface-chemical properties it is crucial to repro-
ducibly prepare atomically well-defined surfaces in a controlled environment.
Here we report on the local reduction of the a-Fe,0;(1102) surface by two pro-
cesses. First, by annealing in ultra high vacuum (UHV) at 450 °C and subse-
quent sputtering and annealing in low 107 mbar O, at 450 °C, and second, by
annealing in UHV at 600 °C. Atomic force microscopy (AFM) and x-ray pho-
toelectron spectroscopy (XPS) reveal that both routes lead to the formation of
boulder-like magnetite inclusions. Once they are created, the preferential re-
moval of oxygen by sputtering enhances their formation instead of removing
them. A pristine hematite surface can be recovered by exposure to higher oxygen
pressures (1 mbar) at ~ 850°C. The nature of these Fe;O, inclusions was studied
by low-energy electron microscopy (LEEM) and low-energy electron diffraction
(LEED).

0742 Wed13:30 P
Fe; 0, (001) near-surface diffusion observed by nuclear resonant scattering
(NRS) — «STEFFEN ToBer"?, JAN-CHRISTIAN ScuoBer"?, Esko Erik BEck!?,
GUILHERME DALLA LANA SEMIONEI’Z, SIMON CHUNGI’Z, Kar SCHLAGEI, OLAF
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LeupoLp! , ILYA SERGEEVI, RENE STEINBR{'JGGEI, HaNs-CHRISTIAN WILLE s
HESHMAT NOEII, VEDRAN VONKI, and ANDREAs STIERLE™? — !Deutsches
Elektronen-Synchrotron, Hamburg — *Universitit Hamburg, Fachbereich
Physik
Elevated temperature cation transport processes influence the structure and sto-
ichiometry in the near surface region of magnetite (Fe30,4) (001) which is of
crucial importance for the performance of magnetite-based catalysts and devices
[1,2]. Near surface transport was studied by stepwise annealing of a homoepitax-
ially grown > Fe; O, layer on a (001) oriented Fe;O, single crystal, monitored by
nuclear resonant reflectivity (NRR) and time spectra (TS) after each step. Site se-
lective depth profiles obtained from simultaneous fitting of NRR and TS indicate
transport from 470 K on. Diffusion constants estimated from the >’ Fe depth pro-
files were in good agreement with previous results [4], while the site-selectivity
of NRS revealed notable differences in the transport of oct- and tet coordinated
cations enabling a more precise description of the diffusion process.

[1] Arndt et al. Chem. Comm. 1, 92 (2019) [2] Arndt et al. Surf. Sci. 653, 76
(2016) [3] Andreeva et al., Mosc. Univ. Phys. Bull. 63, 132 (2008) [4] Tober et
al., Phys Rev Research. 2, 023406 (2020)

0743 Wed13:30 P
Strongly Strained VO, Thin Film Growth — «SiMoN FiscHER!, JaN INGO
FLEGEZ, MICHAEL FOERSTERs, Lucia ABALLES, JENS FALTAI, and JoN-OLAF
KrispoNerT' — !Institute of Solid State Physics, University of Bremen, Germany
— 2Applied Physics and Semiconductor Spectroscopy, BTU Cottbus, Germany
—3ALBA Synchrotron Light Facility, Barcelona, Spain
The semiconductor-metal transition temperature of VO, strongly shifts as a re-
sult of strain applied along the rutile ¢ axis, making it interesting for various
switching applications, as smart coatings and as sensors. In the past, this has
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been demonstrated, for instance, through the application of epitaxial strain on
TiO, substrates.

We extend this tailoring approach by utilizing the much larger lattice mis-
match of 8.78 % occurring in the VO,/RuO, system for orientations where the
¢ axis lies in-plane. Depositing vanadium oxide by atomic oxygen-supported re-
active MBE on an oxidized Ru(0001) template, we have grown VO, thin films
on single domain RuO, islands with distinct orientations. Locally resolved elec-
tron spectroscopy was used to ascertain the correct stoichiometry of the grown
VO, films on all template island types. Low energy electron diffraction reveals
the VO, films to grow indeed fully strained on RuO,(110) but fully relaxed on
RuO, (100).

Hence, the presented template allows for simultaneous access to a remarkable
strain window ranging from bulk-like structures to regions of massive tensile
strain.

0744 Wed13:30 P
XPS and UPS investigation of an ALD prepared Al,0;/ZnO heterojunction
— «CHRISTOPH JANOWITZ!, ALI MAHMOODINEZHAD ', FRANZISKA NAUMANN?,
PauL PLATEZ, KARSTEN HENKELI, and JaN INGO FLEGE! — 1Brandenburg Uni-
versity of Technology Cottbus-Senftenberg, K.-Zuse-Str. 1, 03046 Cottbus, Ger-
many — 2SENTECH Instruments GmbH, Schwarzschildstrafie 2, 12489 Berlin,
Germany
The band alignment of two large band gap oxides was studied by a combina-
tion of XPS and UPS using consecutive sputter steps to unravel the electronic
structure and elemental composition of each layer and the interface region. An
Al,03/ZnO0 heterointerface (10 nm Al,O3 on 59 nm ZnO) was grown on top of
a Si single crystal substrate by consecutive thermal and plasma-assisted atomic
layer deposition (ALD) respectively. The valence band maximum of Al,O; was
found to be 1.1 eV below that of ZnO, the conduction band minimum 2.3 eV
above, resulting in a type-I staggered heterojunction. A reduction of ZnO to el-
emental Zn in the interface region was detected by the apparent shoulder of the
Zn 2p and 2s core levels and by the Zn LMM Auger. This suggests an ALD inter-
face formation mechanism different from previous models identified for other
heterointerfaces.

0745 Wed13:30 P
Functional ultra-thin oxide films deposited by atomic layer deposition on
structured substrates — ¢CARLOS MORALESI, ALr MAHMOODINEZHADI, AN-
DREAS MARKUS SCHUBERTZ, CHRISTIAN WENGERZ, KARSTEN HENKEL! ,and JAN
INGo FLeGe! — !Applied Physics and Semiconductor Spectroscopy, Branden-
burg University of Technology Cottbus-Senftenberg, Konrad-Zuse-Strasse 1, D-
03046 Cottbus, Germany — “THP - Leibniz-Institut fiir innovative Mikroelek-
tronik, IHP, Im Technologiepark 25, 15236 Frankfurt (Oder), Germany
In the last decades, atomic layer deposition (ALD) has gained prominence in the
materials and surface science communities owing to its high potential for inte-
gration as a scalable process in microelectronics. ALD’s largest strengths are its
well-controlled layer-by-layer deposition and growth conformity on 3D struc-
tures. Yet, the ALD technique is also well known to lead to amorphous and de-
fective, non-stoichiometric thin films, resulting in modified materials properties
that may even preferentially be used in certain applications. To study these issues,
we have developed an in-situ ALD reactor attached to an X-ray photoelectron
spectroscopy (XPS) system, capable of switching between both pump and flow-
type operation. This novel tool allows to cover the entire range of compounds
and recipes used in ALD, thus clarifying the role of such defects at different de-
position stages, growth conditions and film/substrate interfaces. To exemplify
these sorts of studies, we show the deposition of A1203 5-10 nm films on nanos-
tructured Si, and their use as substrates for functional CeOx ALD deposits.

0746 Wed13:30 P
Phase diagrams of Co;0, and Mn;0, surfaces under different experimen-
tal conditions — ¢eMARIA FERNANDA ]UAREZI, Hui Y1N1‘2, and AxXEL Gross'
— "Ulm University, Ulm, Germany — *South China University of Technology,
Guangzhou, P. R. China
In spite of the many advantageous features of the zinc-air batteries (ZABs), one
of the basic problems for its uses is the slow kinetics of oxygen evolution and
reduction reactions (OER and ORR) [1]. In recent years many effort has de-

voted to solve this problem by finding new electrocatalysts that promote both
reactions or by changing the experimental conditions and thence the reaction
mechanism[2].

Presently, Mn and Co oxides are among the most active electrochemical cata-
lysts. By doping or by introducing oxygen vacancies, the electronic configuration
of the metal ions can be modified, changing their interaction with the adsorbed
species and leading to modifications in the catalytic activity.

It is the objective of this work to determine the proper surface structure of
Mn;0, and Co30,4 (111) surfaces under the experimental conditions of oper-
ating ZABs: oxidating or reducting environments and non-alkaline electrolytes.
Using the concept of the computational hydrogen electrode [3], we will obtain
the equilibrium structures as a function of potential and OH™ concentration. As
hydroxyls are strongly interacting with water, the presence of water will be taken
into account.

[1] D. Yang et al. Elect. Energy Rev. (2019) 2:395.
[2] Sun et al. Science (2021) 371:46.
[3] Norskev et al. J. Phys. Chem. B (2004) 108:17886.

0747 Wed13:30 P
High temperature reduction and reoxidation of cerium oxide on Cu(111)
— eLINUS PLEINESI, LARS Bussl’z, TEvFIKk ONUR MENTE$3, FRANCESCA
GENUZIOS, ANDREA LOCATELLI® , JAN INGO FLEGEZ, and JENS Fartal*
!nstitute of Solid State Physics, University of Bremen, Germany — “Applied
Physics and Semiconductor SpectroscopSy, Brandenburg University of Technol-
ogy Cottbus-Senftenberg, Germany — ELLETRA Synchrotron Light Source,
Basovizza, Italy — “MAPEX Center for Materials and Processes, Bremen, Ger-
many
Cerium oxide is of great interest due to its technological importance in various
electronic, optical and catalytic applications. The inverse model catalyst cerium
oxide on Cu(111) shows a high activity for the production of methanol. Oxy-
gen vacancies, e.g. in form of reduced ceria, are necessary for the production of
methanol from CO, and H,. The reduction of ceria may be achieved by expo-
sure to H, at elevated temperatures. We studied the interaction of H, and CO,
with cerium oxide islands on a Cu(111) substrate with low-energy electron mi-
croscopy (LEEM) and x-ray absorption spectroscopy (XAS). From earlier stud-
ies, the orientation of the cerium oxide is known to be decisive for the catalytic
activity. In our experiments, the impact of both orientations are directly com-
pared via growth of (100) and (111) cerium oxide islands side by side. At tem-
peratures around 550 °C, exposure to H, leads to partial reduction and exposure
to CO, leads to complete reoxidation of the cerium oxide. The (100) and (111)
orientations show different reduction and reoxidation behaviors.

0748 Wed13:30 P
Low-temperature atomic layer deposition of indium oxide thin films us-
ing trimethylindium and oxygen plasma — *ALI MAHMOODINEZHAD', CAR-
LOS MORALEsl, FrRANZISKA NAUMANNZ, PauL PLATEZ, ROBERT MEYERZ,
CHRISTOPH ]ANOWITZI, KARSTEN HENKEL! , MALGORZATA Kor! ,and JAN INGO
FLEGE' — 1Brandenburg University of Technology Cottbus-Senftenberg, K.-
Zuse-Str. 1, 03046 Cottbus, Germany — 2SENTECH Instruments GmbH,
Schwarzschildstrafle 2, 12489 Berlin, Germany
Indium oxide thin films were deposited on Si (100) by plasma-enhanced atomic
layer deposition (PEALD) using trimethylindium (TMIn) and oxygen plasma
(02) in a low-temperature range of 80 to 200 °C. The In,O5 layers were charac-
terized by in-situ spectroscopic ellipsometry (SE), ex-situ X-ray photoelectron
spectroscopy (XPS) and electrical measurements. The SE data show a growth
rate of 0.56 A/cycle within the ALD window (100 to 150 °C) with a thickness in-
homogeneity of < 1.2%. In addition, the highest refractive index is 2.07 (at 632.8
nm) for the layer grown at 150 °C, and the films exhibit indirect and direct band
gaps of 2.8+0.1 eV and 3.310.2 eV, respectively. XPS characterization indicates
no carbon incorporation and a temperature-dependent off-stoichiometry of the
layers. The chemical analysis of the In 3d and O 1s core levels confirms the for-
mation of In-O bonds and suggests the additional presence of hydroxyl groups
and defects. With increasing temperature, the contribution of OH groups and
defects decreases whereas that of In-O bonds increases. Notably, higher growth
temperatures result in an indium rich phase within the layers.

O 75: Poster Session VI: Organic molecules on inorganic substrates: electronic, optical and other
properties Il

Time: Wednesday 13:30-15:30

0751 Wed13:30 P
Temperature induced conformational changes in phospholipid monolay-
ers studied by sum-frequency spectroscopy — DAMIAN FIRLA, «TiM LAM-
MERZAHL, MATTHIAS LINKE, and ECKART HASSELBRINK — Universitit
Duisburg-Essen, Germany
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Phospholipids are a major component in cell membranes because they form bi-
layers due to their amphiphilic character. This was exploited to prepare mono-
layers on glass substrates using the Langmuir-Blodgett technique to study them
by sum frequency spectroscopy (SFS). The main goal was to observe structural
changes upon raising the temperature. SES probes the local centrosymmetry of
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the methylene groups because of its inherent selection rules. Therefore, con-
formational disorder of the alkyl chains due to the increased temperature, and
thus breaking of the local centrosymmetry, can be directly observed. Typically,
gauche defects are observable by an increase of the intensities of CH, vibrational
modes. Different types of phospholipids and mixtures of phospholipids with
varying chain lengths were studied. Monolayers prepared using a single phos-
pholipid species showed only changes of the intensity of CH; vibrational modes
with rising temperatures. Furtheron, mixtures of phospholipids with different
chain lengths were studied. In these cases CH, modes were observed as well,
consistent with the larger space being available for conformational changes. The
thermal stability of phopholipid monolayers was also examined. We found that
monolayers of single phospholipid species were more stable than monolayers of
phospholipid mixtures. Divalent cations also increased the thermal stability of
these monolayers.

0752 Wed13:30 P
Rotation of Ethoxy and Ethyl Moieties on a Molecular Platform on Au(111)
— TORBEN ]ASPER—T(')NNIEsl, MANUEL GRUBERI, SVEN ]OHANNSENI, THOMAS
FREDERIKSENZ, ARAN GARCIA-LEKUEZ, TORBEN ]AKEL3, Fynn ROEHRICHTS,
RAINER HERGES®, and sRicHARD BERNDT' — !Institut fur Experimentelle und
Angewandte Physik, Christian-Albrechts-Universitat, 24098 Kiel — 2Donostia
International Physics Center, E-20018 Donostia-San Sebastian; IKERBASQUE,
Basque Foundation for Science, E-48013 Bilbao — 3Otto-Diels-Institut fiir Or-
ganische Chemie, Christian-Albrechts-Universitat, 24098 Kiel
Molecular rotors have attracted considerable interest for their prospects in nan-
otechnology. However, their adsorption on supporting substrates, where they
may be addressed individually, usually modifies their properties. Here, we inves-
tigate the switching of two closely-related three-states rotors mounted on plat-
forms on Au(111) using low-temperature scanning tunneling microscopy and
density functional theory calculations. Being physisorbed the platforms retain
important gas-phase properties of the rotor. This simplifies a detailed analysis,
and permits, for instance, the identification of the vibrational modes involved in
the rotation process. The symmetry provided by the platform enables active con-
trol of the rotation direction through electrostatic interactions with the tip and
charged neighboring adsorbates. The present investigation of two model systems
may turn out useful for designing platforms that provide directional rotation and
for transferring more sophisticated molecular machines to surfaces.

0753 Wed13:30 P
’Magnetic Coupling in Clusters of Rhombus-Shaped Nanographenes —
oNILS KRANEI, XUELIN YAOZ, QIANG CHENZ, KrisTjan EIMREI, CARLO A.
PIGNEDOLII, Kraus MI"JLLENZ, PascaL RUFFIEUXI, AKIMITSU NARITA2’3, and
Roman FaseL* — 'nanotech@surfaces Laboratory, Empa - Swiss Federal Lab-
oratories for Materials Science and Technology, Diibendorf, Switzerland —
’Department of Synthetic Chemistry, Max Planck Institute for Polymer Re-
search, Mainz, Germany — 3Organic and Carbon Nanomaterials Unit, Okinawa
Institute of Science and Technology Graduate University, Okinawa, Ja-pan —
4Department of Chemistry and Biochemistry, University of Bern, Bern, Switzer-
land
The exact tailoring of open-shell nanographenes (NGs) with non-trivial mag-
netic ground states opens a pathway towards carbon-based molecular spintron-
ics. The synthesis of these NGs remains challenging, due to their high reactiv-
ity. Embedding the NGs into a non-magnetic molecular network on the surface
could allow for a passivation and more controlled growth.

In this work, we passivated 5-rhombenes [1] with p-terphenyl linkers, cre-
ating one-dimensional non-magnetic backbones in which the NGs are embed-
ded. Scanning tunneling spectroscopy and inelastic electron tunneling spec-
troscopy reveal the antiferromagnetic ground state with a large magnetic cou-
pling constant to be preserved upon passivation. Furthermore, magnetically
coupled dimers of 5-rhombenes embedded in the phenyl backbone have been
investigated.

[1]: Mishra et al.: https://arxiv.org/abs/2003.03577 (2020)

0754 Wed13:30 P
Decoupled or not decoupled? Investigation of charge transfer in organic/2D
insulator/metal interfaces — ¢MAXIMILIAN SCHAALI, ILiYAN KARADZHOVI,
TAKUMI AIHARAZ, MARCO GRUENEWALDI, FELIX OTTol, JARI DOMKEI, Ro-
MAN FORKER! , HIROYUK1 YOSHIDAZ, and TorsTEN Fritz! — !Institute of Solid
State Physics, Friedrich Schiller University Jena, Helmholtzweg 5, 07743 Jena,
Germany — Graduate School of Engineering, Chiba University, 1-33, Yayoi-
cho, Inage-ku, Chiba 263-8522, Japan
2D materials like hexagonal boron nitride (h-BN) are widely used as interlayer
to decouple organic molecules from metallic surfaces. Nevertheless, there are
also indications for a significant hybridization which results in a perturbation
of the intrinsic molecular properties. This raises the question: what are the
specific conditions under which an h-BN monolayer is sufficient to efficiently
decouple organic molecules? In this work we deal with this question by com-
paring the electronic and optical properties as well as the lateral structure of
about one monolayer 3,4,9,10-perylene-tetracarboxylic dianhydride (PTCDA)
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and tetraphenyldibenzoperiflanthene (DBP) on h-BN/Ni(111). Therefore, we
combined in situ differential reflectance spectroscopy, ultraviolet photoelectron
spectroscopy, low energy electron diffraction and low temperature scanning tun-
nelling spectroscopy. Our results reveal that an integer charge transfer happens
for PTCDA on h-BN/Ni(111). In contrast, the DBP molecules on h-BN/Ni(111)
are well decoupled from the metal substrate, and no charge transfer occurs.

0755 Wed13:30 P
Adsorption site dependent gating of C60 on h-BN/Rh(111) — «Max Bom-
MERT and OLIVER GRONING — Empa Swiss Federal Laboratories for Materials
Science and Technology, 8600 Diibendorf, Switzerland
Epitaxial, single layered hexagonal Boron Nitride (h-BN) on a metal substrate
provides numerous interesting properties as it can be used as a template organiz-
ing the adsorption of organic molecules due to the substrate dependent Moirée
pattern formation [1] as well as decoupling said molecules from the underlying
metal preventing orbital hybridization [2]. In this project we use the topographic
and electronic corrugation of the h-BN/Rh(111) Moirée pattern to form [3] and
electrostatically gate specific C60 molecules in regular frameworks. Our exper-
imental approach consists of two parts; in a first step, we use low-temperature
scanning tunneling microscopy (STM) to analyze the C60 adsorption configu-
ration. In a second step, we use scanning tunneling spectroscopy (STS), Kelvin
probe force microscopy (KPFM) as well as non-contact atomic force microscopy
(nc-AFM) to investigate the adsorption-site dependent gating effect of the on
surface electric field on the C60 molecules. The combination of STS and KPFM
grants insight into single molecular charging events. We can use the on surface
electric field and the electric field of the STM tip to operate the C60 molecules as
single molecular transistors. We will show how the molecular orbital level align-
ment and the site-dependent gating are related. [1]M. lannuzzi et al., PCCP, 16
(2014), [2]L. Liu et al., ACS Nano, 9 (2015), [3]M. Corso et al., Science, 203
(2004)

0756 Wed13:30 P
Force Spectroscopy of Iron Tetraphenylporphyrin Molecules with Cl Tips
— KATHARINA SCHEIL', *MANUEL GRUBER ’°, MARTIN ONDRACEK3, and
RICHARD BErNDT' — !Institut fiir Experimentelle und Angewandte Physik,
Christian-Albrechts-Universitit zu Kiel, D-24098 Kiel, Germany — 2Faculty
of Physics, University of Duisburg-Essen, D-47057 Duisburg, Germany —
*Institute of Physics, Academy of Sciences of the Czech Republic, 182 21 Prague,
Czech Republic
Clions are bidirectionally transferred between Fe tetraphenylporhyrin (FeTPP)
molecules adsorbed on Au(111) and the tip of a low-temperature scanning probe
microscope. This controlled transfer is used to switch between metal- and Cl-
terminated tips. Both tips are employed to probe the forces and conductances
upon contacting the Au(111) substrate, FeTPP and chlorinated FeTPP. The force
spectroscopy of a Cl tip on Au(111) may be modeled by a point charge of —0.3 e
at the Cl ion interacting with its image charge in the substrate. Such CI tips, be-
side modifying electrostatic interactions and thereby the force spectra acquired
over molecules, turned out useful for high-resolution imaging at small molecule-
sample distances [1]. Density function theory calculations reproduce important
aspects of the experimental data. [1] Scheil et al., J. Phys. Chem. C 124, 26889
(2020)
Financial support by the Deutsche Forschungsgemeinschaft through SFB 677 is
acknowledged.

0757 Wedl13:30 P
Uni-directional rotation of molecular motors on Cu(111) — <MONIKA
SCHIEDI, DEBORAH PREZZIZ, DonNnGDONG LIU3, PETER IACOBSONI, ELisa
MOLINARIZ, JAMES M. Tour® ,and LEONHARD GriLL! — 1Department of Physi-
cal Chemistry, University of Graz, Austria — Nanoscience Institute of CNR, $3
Center, Modena, Italy — 3Department of Chemistry, Rice University, USA
Artificial molecular motors that convert external energy into controlled motion
have seen great developments in the last decades [1]. While many studies exist
in solution, little is known how such functional molecules behave on a surface.
However, such a solid support can be advantageous as it offers fixed points of
reference as well as confinement in two dimensions, making it easier to study
the directionality of their motion.

We have studied single molecules with a so-called Feringa motor [2,3] on a
Cu(111) surface by low-temperature scanning tunnelling microscopy (STM). It
was found that rotations of individual molecules can be induced over rather long
distances by voltage pulses with the STM tip. Importantly, these rotations show
high directionality (clockwise or anticlockwise), which will be discussed in view
of their specific chemical structure and adsorption.

[1] W. R. Browne and B. L. Feringa, Nat. Nanotech. 1, 25 (2006)
[2] T. Kudernac et al., Nature 479, 208 (2011)
[3] A. Saywell et al., ACS Nano 10, 10945 (2016)
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0758 Wed13:30 P
Light-assisted charge propagation in organic semiconductor networks on
hexagonal boron nitride — ALEKSANDAR MATKOVIC', JAKOB GENSER?,
«MARKUS KRATZERI, DANIEL LI"JFTNER3, ZHONGRUI CHEN4, OLIVIER SIRI4, PE-
TER PuscHNIG?, CONRAD BECKER?, and CHRISTIAN TEICHERT' — !Institute
of Physics Montanuniversitit Leoben Franz Josef Strasse 18, Leoben 8700,
Austria — *Institute of Solid State Electronics, Technische Universitit Wien,
Guf3hausstraie 25-25a, 1040 Vienna, Austria — °Institute of Physics Karl-
Franzens-Universitit Graz NAWI Graz Universitétsplatz 5, Graz 8010, Austria —
4 Aix Marseille University CNRS CINaM UMR 7325 Campus de Luminy 13288,
Marseille cedex 09, France

Electrostatic force microscopy is utilized to track charge propagation in organic
semiconductor nanoneedles. As model system, crystalline dihydrotetraazahep-
tacene needles epitaxially grown on ultrathin hexagonal boron nitride was inves-
tigated. Due to light exposure, the specific resistivity of the crystallites changed
by two orders of magnitude. Exploiting the highly anisotropic optical properties
of the organic nanoneedles, selective charge propagation along the crystallites
was achieved by matching the incident light*s polarization direction with the
direction of the molecular backbones in the crystals. Thus, it was possible to
guide charge propagation along desired paths in self-assembled crystallite net-
works. This way, polarized light can be used as a “light gate” to control charge
propagation.

O 76: Poster Session VI: Supported nanoclusters: structure, reactions, catalysis

Time: Wednesday 13:30-15:30

0761 Wed13:30 P
Cu nanoparticle morphology and growth behavior on the vicinal ZnO(10-14)
surface — *ROBERT GLEISSNERI’Z, HESHMAT NOEII, VEDRAN VONKI, SIMON
CHUNGI, GUILHERME D. L. SEMIONEI, E. ERIK BECKI’Z, GOKHAN GIZER3, and
ANDREAS STIERLE™? — !Deutsches Elektronen-Synchrotron DESY, Hamburg,
Germany — 2Universitit Hamburg, Hamburg, Germany — *Helmholz Zentrum
Geesthacht, Geesthacht, Germany
The ZnO(10-14) surface raised recent scientific interest for its outstanding sta-
bility despite its high indexed orientation, which results in a stepped mixed-
terminated surface. In this study, copper nanoparticles were grown via physical
vapor deposition onto a ZnO(10-14) single crystalline surface and the structure
and morphology was investigated using low energy electron diffraction, high
energy grazing incidence x-ray diffraction, scanning electron microscopy and
scanning tunneling microscopy.

Caused by anisotropic diffusion, elongated Cu particles are formed parallel to
the surface steps of the substrate. They show a unique tilt of their (111) planes
parallel to the (0001) terraces of the vicinal surface. This causes the generation
of large, high indexed Cu facets in which their atomic steps could act as reaction
sites in catalytic reactions such as methanol synthesis and CO2 activation.

0762 Wed13:30 P
Metastability of Palladium Carbide Nanoparticles during Hydrogen Re-
lease from Liquid Organic Hydrogen Carriers — *RALF SCHUSTER', MANON
BERTRAMI, HENNING RUNGEZ, SIMON CHUNGZ, VEDRAN VONKZ, HESHMAT
NOEIZ, YAROSLAVA LYKHACHI, ANDREAS STIERLEZ, and JORG Lisupa! —
"Interface Research and Catalysis, Friedrich-Alexander-Universitit Erlangen-
Niirnberg, Egerlandstr. 3, D-91058 Erlangen — Deutsches Elektronen-
Synchrotron DESY, Notkestr. 85, D-22607 Hamburg
Surface carbon species can be formed by unselective decomposition during
heterogeneously catalyzed dehydrogenation of liquid organic hydrogen carriers
(LOHC:s). These species may diffuse into the bulk of the catalyst, forming metal
carbide phases and, thus, influence the activity and selectivity of the catalyst. For
palladium, however, the carbide phase is metastable with respect to palladium
and graphite. Therefore, we studied the formation and stability of palladium car-
bide phases on well-defined Pd/Al,O; model catalysts. The phase composition
of the nanoparticles was investigated as a function of particle size and gas flow
rate under reaction conditions (500 K, 1 bar) by high-energy grazing incidence
X-ray diffraction. We showed that the stability of palladium carbide critically de-
pends on both nanoparticle size and gas flow rate. For small nanoparticles under
low gas flow rate the Pd¢C phase is stable, while a high gas flow rate results in
immediate decomposition of the carbide after formation. For bigger particles at
a low gas flow rate, however, the carbide is stable for an incubation period, after
which the growth of graphene triggers its decomposition.

0763 Wed13:30 P
Reactivity and Passivation of Fe Nanoclusters on h-BN/Rh(111) — «NATALIE
JEssicA WALESKA, FaABIAN DULL, PHILIPP BACHMANN, FELIX HEMAUER,
JOHANN STEINHAUER, HANS-PETER STEINRUCK, and CHRISTIAN PAapp —
Friedrich-Alexander-Universitit, Erlangen, Germany
Iron is a nontoxic and affordable element, which shows high catalytic activity.
Iron containing catalysts are used in important industrial reactions, such as the
Fischer-Tropsch synthesis and the Haber-Bosch process. Especially, iron nan-
oclusters are of interest because of their potential utilization in electrochemical
devices or high-density data storage applications due to their magnetic proper-
ties.
To obtain monodisperse, ordered Fe nanocluster arrays, h-BN was used as a
template on the Rh(111) surface. Due to the lattice mismatch, differences in the
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strength of interaction between the h-BN sheet and the Rh(111) surface occur,
leading to corrugation of the nanosheet and the formation of pores and wires.

We studied Fe nanocluster arrays formed in the pores of h-BN/Rh(111) us-
ing in situ high-resolution X-ray photoelectron spectroscopy. CO was used as a
probe molecule to investigate the morphology, such as the available adsorption
sites and the reactivity of the nanoclusters. On the as prepared Fe clusters, CO
was adsorbed at on-top and hollow/edge sites and dissociated at 300 K. For the
C and O pre-covered Fe nanoclusters we found a passivation of the catalytic ac-
tivity as a result of adsorption site blocking, allowing for the determination of
the most active sites of the Fe clusters.

0764 Wed13:30 P
Systematic first-principles investigation of support effects for coinage met-
als on alkaline earth oxides — <KYEONGHYEON NAMI, JuLius HORNUNGZ,
CHRISTOPH SCHEURER', and KaRSTEN REUTER! — ! Fritz Haber Institute of the
Max Planck Society — “Technical University of Munich
Reaching an atomic-scale understanding of metal-support effects is a long-
standing and still elusive goal of catalysis research. One avenue to disentangle
the intricate interference of geometric and electronic effects is to engage in trend
studies over structurally similar systems. To this end, we perform a systematic
density-functional theory study of alkaline earth oxide (MgO, CaO, SrO, BaO)
supported Cu and Ag thin films. Considering CO and hydroxyl adsorption at
various surface sites, we compute adsorption energies with and without geomet-
ric optimization and correlate this data with electronic structure properties like
Lowdin charges and interfacial energetics like adhesion energies. Metal doping
of the oxide supports with Mo in varying positions was analyzed in an effort to
expand our understanding of metal-support interactions and the critical param-
eters that determine catalyst activity and stability [1]. Our results indicate that
oxide supports with heavier cations (SrO, BaO) favor the formation of Cu ag-
glomerates in the presence of CO adsorbates, while such drastic rearrangements
are not observed for oxides with lighter cations (MgO, CaO).

[1] X. Shao et al., Angew. Chem. Int. Ed. 50, 11525 (2011).

076.5 Wed13:30 P
Structure and Chemical Properties of CeO, on a Curved Cu(111) Crystal —
«LORENA GLATTHAARI’Z, KHADIZA ALIZ, J. ENRIQUE ORTEGAZ, and FREDERIK
SCHILLER® — 1Physikalisch-Chemisches Institut, Justus Liebig University, D-
35392 Giessen, Germany — “Centro de Fisica de Materiales, E-20018 San Se-
bastidn, Spain
The system CeO,/Cu has attracted interest as an inverse catalyst for CO oxida-
tion, water-gas shift and CO, hydrogenation. While previous work focused on
characterizing this system and the named reactions on Cu(111) or with pow-
dered samples, we investigated this system on the vicinal surfaces of Cu(111),
which are shown to be much closer to a nanostructured catalysts compared to
the low index surfaces. We grew CeO, on a curved Cu(111) single crystal with
well defined vicinal surfaces and a continuous variation of step density depend-
ing on the vicinal angle. We characterized the CeO,/Cu system with LEED,
STM and XPS. XPS analysis indicates only Ce(IV) oxide formed regardless of
the position on the curved crystal. On the Cu(111) part of the curved sample,
CeO, nanostructures seems to grown on Cu-oxide areas, leaving the remain-
ing Cu(111) surface uncovered. On both A- and B-step vicinal surfaces of the
curved crystal, facets build up after CeO, deposition. The stable facets of the
B-step vicinals are (111) and (110). At the A-step side three stable facets have
been observed, namely the (111), (223) and an additional one at 22° with respect
to (111). STM measurements reveal that the CeO, structures mainly cover the
Cu(111), leaving the (223) facet CeO, free.
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0771 Wed13:30 P
Identifying the atomic configuration of the tip apex using STM and
frequency-modulation AFM with CO on Pt(111) — «OLIVER GRETZ, ALFRED
J. WEYMOUTH, and FRANZ J. GIEssIBL — Institute of Experimental and Applied
Physics, Department of Physics, University of Regensburg, 93053 Regensburg
We investigated the atomic structure of metal tips by scanning individual CO
molecules adsorbed on Pt(111) using scanning tunneling microscopy (STM)
and frequency-modulation atomic force microscopy (FM-AFM). When scan-
ning very close over a CO molecule, the frontmost atoms of the tip can be in-
dividually resolved in both the FM-AFM image and in the STM image. This is
in contrast to previous work where CO was adsorbed on a different substrate:
Cu(111). In this previous study, individual atoms could not be observed in the
raw STM image but only in FM-AFM. We discuss the mechanisms behind the
higher spatial resolution in STM. On Cu(111), the occupied surface state plays
a large role in STM images near the Fermi level, and as adsorbed CO repels the
surface state, it appears as a wide trough in STM images. In contrast, Pt(111)
lacks an occupied surface state and an adsorbed CO molecule appears as a peak.
We investigate if CO bending strongly influences the STM images, conclud-
ing that the atomic resolution of the tip over Pt(111) is due to highly localized
through-molecule tunneling and CO bending is insignificant for contrast forma-
tion. Modelling the current between the CO and front atoms of the tip supports
our findings.

Gretz et al., Phys. Rev. Research 2, 33094 (2020).

0772 Wed13:30 P
Strumming a Single Chemical Bond — <ALFRED ]. WEYMOUTH, ELISABETH
RIEGEL, OLIVER GRETZ, and FRANZ J. GIESSIBL — Universitit Regensburg
Atomic force microscopy and scanning tunneling microscopy can image the in-
ternal structure of molecules adsorbed on surfaces. One reliable method is to
terminate the tip with a nonreactive adsorbate, often a single CO molecule, and
to collect data at a close distance where Pauli repulsion plays a strong role. Lat-
eral force microscopy, in which the tip oscillates laterally, probes similar inter-
actions but has the unique ability to pull the CO over a chemical bond, load it as
a torsional spring, and release it as it snaps over with each oscillation cycle. This
produces measurable energy dissipation. The dissipation has a characteristic de-
cay length in the vertical direction of 4 pm, which is 13 times smaller than the
decay length in typical STM or AFM experiments.

Physical Review Letters, 124, 196101 (2020)

0773 Wed13:30 P
Bond-Level Imaging of Organic Molecules Using Q-Controlled Ampli-
tude Modulation Atomic Force Microscopy — DANIEL MARTIN-JIMENEZ,
ALEXANDER IHLE1’3, SEBASTIAN AHLESZ’S, HERMANN A. WEGNERZ’S, ANDRE
ScHIRMEISEN"?, and DANIEL EBELING" — ! Institute of Applied Physics (IAP),
Justus Liebig University Giessen, Heinrich-Buff-Ring 16, 35392 Giessen, Ger-
many — ’Institute of Organic Chemistry, Justus Liebig University Giessen,
Heinrich-Buff-Ring 17, 35392 Giessen, Germany — >Center for Materials Re-
search (LaMa), Justus Liebig University Giessen, Heinrich-Buff-Ring 16, 35392
Giessen, Germany
The bond imaging atomic force microscopy (AFM) technique has become an in-
valuable tool for studying organic molecules on surfaces. The functionalization
of the AFM-tip with a single CO molecule improves the lateral resolution and
allows to visualize the chemical structure of adsorbed organic molecules. Such
experiments are usually performed at low temperatures in UHV environment in
the frequency modulation (FM) mode. Here, we use the Q-controlled amplitude
modulation (AM) mode for imaging organic molecules with CO-functionalized
tips in constant-height mode. By reducing the effective quality factor (Qeff) of
the sensor from about 20000-30000 to 1500-4000, we are able to image molecules
with atomic resolution. By using appropriate imaging parameters, an increased
effective signal-to-noise ratio is achieved in the Q-controlled AM mode (on the
order of 30-60 %). This advantage over the conventional FM mode might, e.g.,
be used for increasing the experimental throughput.

0774 Wed13:30 P
High-precision atomic force microscopy with atomically-characterized tips
— *ALEXANDER LIEBIG, ANGELO PERONIO, DANIEL MEUER, ALFRED J. WEY-
MOUTH, and FRANZ J. GIEss1BL — Institute of Experimental and Applied Physics,
University of Regensburg, Germany
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Traditionally, atomic force microscopy (AFM) experiments are conducted at tip-
sample distances where the tip strongly interacts with the surface. This increases
the signal-to-noise ratio, but poses the problem of relaxations in both tip and
sample that hamper the theoretical description of experimental data. Here, we
employ AFM at relatively large tip-sample distances where forces are only on
the piconewton and subpiconewton scale to prevent tip and sample distortions.
Acquiring data relatively far from the surface requires low noise measurements.
We probed the CaF, (111) surface with an atomically-characterized metal tip and
show that the experimental data can be reproduced with an electrostatic model.
By experimentally characterizing the second layer of tip atoms, we were able to
reproduce the data with 99.5 % accuracy. Our work links the capabilities of non-
invasive imaging at large tip-sample distances and controlling the tip apex at the
atomic scale [1].

[1] A. Liebig, A. Peronio, D. Meuer, A. J. Weymouth and F. J. Giessibl, New J.
Phys. 22, 063040 (2020).

0775 Wed13:30 P
Charging single metal nanoparticles grown on thin alumina films by the AFM
tip — BAPTISTE CHATELAIN, *ALI EL BARRAJ, CLEMENCE BADIE, LIONEL SANTI-
Naccr, and CLEMENS BARTH — Aix-Marseille University, CNRS, CINaM, 13288
Marseille, France
The characterization of charges inside a single metal island or nanoparticle
(NP), which are supported on an insulating thin film, is of high interest in re-
search fields like heterogeneous catalysis and microelectronics. The reason is
that charges in a NP can have a large impact onto the NP*s catalytic activity and
that they can interfere with the underlying insulating film, partially via defects
of the film. Whereas the first aspect is certainly of importance in catalysis, the
second phenomenon is of particular interest in micro-electronics because a de-
tailed analysis of the charge-insulator interaction can explain phenomena that
are related to leakage currents and device performance.

It has been already shown hat electrostatic force microscopy (EFM) and Kelvin
probe force microscopyt (KPFM) are suitable techniques for charge manipula-
tion experiments at nano-objects like NPs and that they can be used to monitor,
in particular, the charge-insulator interaction. Here, we use KPFM to study in-
jected charges inside PANPs and AuNPs, which are grown on 15 to 80nm thin
ALD grown aluminum oxide (alumina) films. We show that the alumina films
have a high insulating character, which allows injecting charge into the surface
or NP without loosing the charge into the film. Apart from the material specific
results, we discuss the experimental procedures and related difficulties that may
appear during charge manipulation experiments.

0776 Wed13:30 P
Ultra-Shallow Dopant Profiles in H:Si(001) as In-Situ Electrodes in Scan-
ning Probe Microscopy — sALEXANDER KOLKER, TAKASHI KUMAGAI, MAR-
TIN WoLE, and MarTHIAS KocH — Fritz-Haber-Institut der Max-Planck-
Gesellschaft, Berlin, Germany
To fully enable the potential of nano-devices a detailed understanding of the
underlying physics is of importance linking the atomic structure to the elec-
tronic properties of the device. Although scanning probe microscopy (SPM),
with its outstanding spatial resolution, is sensitive to both, the experimental
capabilities are limited by the vertical arrangement of the tip-sample junction.
Therefore it is often impossible to characterize an electrical nano-circuit in-
operation with a conventional SPM. These restrictions can be addressed using
multi-tip scanning tunneling microscopy (STM) [1]. However, upgrading an ex-
isting STM with additional electrodes requires severe and cost-intensive modifi-
cations of the experimental setup. Here, we demonstrate the applicability of ion-
implanted electrodes as a feasible way to enhance a commercial Createc GmbH
low-temperature SPM with additional electrodes. These electrodes are in close
proximity to the surface and act as drain or gate and show ohmic behaviour [2],
even after high temperature surface preparation needed to achieve an atomically
flat surface. We used STM spectroscopy to probe the transition from metallic to
insulating at the electrode interface. First gating experiments of dangling bonds
on the H:Si(001) surface are presented. [1] B. Voigtlander et. Al, Rev. Sci. In-
strum. 89, 101101 (2018) [2] A.N. Ramanayaka et. al Scientific Reports 8, 1
(2018)
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0781 Wed13:30 P
Transitional metal doped Bi, , X, 0,Se - novel 2D magnetic semiconductor
— «DOMINIK LEGUTI, XIAOPENG LIUZ, RUIFENG ZHANGZ, ZHONGHENG FUZ,
TINSHUAI WANGZ, YANCHEN FANZ, and QIANFAN ZHANG? — 1IT41nnovaﬁons,
VSB-TU Ostrava, Ostrava, Czech Republic — 2School of Mat. Sci. and Eng,,
Beihang University, Beijing, China
For the spintronic applications like large data storages (high capacity HDD) the
industry searches for ferromagnetic insulators at nanoscale size. Recently the
discovery of Bi,O,Se/Te phases that exist as 2D material and still are semicon-
ducting attract attention. Here we investigate Bi, , X, O, Se by transitional metal
doping to introduce a magnetic spin order. We explore the electronic and mag-
netic properties of various ferromagnetic (e.g. Fe) or antiferromagnetic (e.g.
Mn) transitional metals doped Bi,O,Se phases within the framework of den-
sity functional theory based electronic structure calculations. We start with the
magnetic order of the bulk phase in which the magnetic atoms form interlayer
coupling that vary with the type and concentration of doped atoms and go to-
wards the nanoscale dimension, i.e. 2D materials. As a result of the competitions
of magnetic interactions the magnetic anisotropy energy is a crucial quantity. In
combinations with Monte Carlo simulations we are able to solve the exchange
interaction constants for the Heisenberg model and therefore evaluate the Curie
temperature to see if these types of materials are suitable to become novel dilute
magnetic semiconductors for spintronic applications at room and above temper-
atures.

0782 Wed13:30 P
Analysis of interlayer excitons in the case of MoS, on GaSe. — «CHRISTIAN
WAGNER, MAHFUJUR RAHAMAN, DIETRICH R.T. ZAHN, and SIBYLLE GEMMING
— Institute of Physics, Technische Universitdt Chemnitz, Chemnitz, Germany
We study the formation of interlayer excitons in GaSe | MoS, heterostacks as a
function of layer composition from first principles in order to specifically tailor
photon absorption in layered heterostacks.

The electronic interaction in semiconducting 2D layered material heterostacks
is often reasonably described by a perturbation of the physical effects of the iso-
lated homostacks. But their optical properties go beyond this picture of weak
layer interaction: moiré potentials influence exciton dynamics and bound inter-
layer excitons may emerge. Interlayer excitons are composed of electron and hole
states from different layers. These mixed states are measured experimentally by
photoluminescence and photocurrents and predicted by theory, e.g. in MoS, on
GaSe [1].

The composition of all interlayer excitons are thoroughly analyzed by solving
the Bethe-Salpeter equation for the heterobilayer of MoS, on GaSe. The exciton
Hamiltonian is diagonalized and the exciton wave functions are projected onto
layers as a function of k-space. By means of density functional theory and opti-
cal selection rules, these optical interlayer transitions are extrapolated for larger
heterostacks and compared directly with experiments.

[1] M. Rahaman, C. Wagner et al,, J. Phys.: Condens. Matter 31, 114001
(2019).

0783 Wed13:30 P
Spin-polarized VLEED from single-layer MoS,/Au(111): Investigation of
spin-orbit-induced effects — «CHRISTOPH ANGRICK', ANNIKA HENRIKSEN',
NICOLE MUTZKEI, ANDRE REIMANNI, MoriTz EWERT2’3, LARS BUSSZ’S, JENS
Farta® , JAN INGO FLEGE>® , and MARKUS Donata! — 1University of Minster,
Germany — *Brandenburg University of Technology Cottbus-Senftenberg, Ger-
many — 3University of Bremen, Germany
The influence of spin-orbit interaction on low-energy electron reflection from
single-layer MoS, on Au(111) was studied by VLEED (very-low-energy electron
diffraction) [1,2]. The spin-dependent electron reflection was investigated for a
wide range of electron incidence angles and kinetic energies. Since the adlayer
coverage is about 30%, we studied the Au(111) substrate and a MoS, bulk sam-
ple for comparison. This approach enabled us to distinguish between adlayer
and substrate signals.

For MoS,/Au(111), we detected a spin asymmetry of the reflected intensities,
which shows a characteristic feature with alternating sign in the energy region of
a VLEED fine structure [1]. The Au(111) substrate, in contrast, shows qualita-
tively different spin-asymmetry features, partially with reversed sign compared
with MoS,/Au(111). The results of bulk MoS, confirm that the characteristic fea-
ture in the single-layer data originates from MoS,. The influence of the adlayer-
substrate interaction on the results will be discussed.

[1] Burgbacher et al., Phys. Rev. B 87, 195411 (2013)

[2] Angrick et al., J. Phys.: Condens. Matter 33, 115001 (2020)
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0784 Wed13:30 P
Four- and twelve-band low-energy symmetric Hamiltonians and Hubbard
parameters for twisted bilayer graphene using ab-initio input — «ARKADIY
Davypov, KENNY CHOO, MARK H. FISCHER, and ARKADIY DAvYDOV — De-
partment of Physics, University of Zurich, Winterthurerstrasse 190, 8057 Zurich
(Switzerland)
A computationally efficient workflow for obtaining low-energy tight-binding
Hamiltonians for twisted bilayer graphene, obeying both crystal and time-
reversal symmetries, is presented in this work. The Hamiltonians at the first
magic angle are generated using the Slater-Koster approach with parameters ob-
tained by a fit to ab-initio data at larger angles. Low-energy symmetric four-band
and twelve-band Hamiltonians are constructed using the Wannier90 software.
The advantage of our scheme is that the low-energy Hamiltonians are purely real
and are obtained with the maximum-localization procedure to reduce the spread
of the basis functions. Finally, we compute extended Hubbard parameters for
both models within the constrained random phase approximation (cRPA) for
screening, which again respect the symmetries. The relevant data and results of
this work are freely available via an online repository. The workflow is straight-
forwardly transferable to other twisted multi-layer materials.

0785 Wed13:30 P
Optoelectronic properties of point defects in hBN — «ALEXANDER KIRCH-
HOFF, THORSTEN DEILMANN, PETER KRUGER, and MICHAEL ROHLFING —
Westfilische Wilhelms-Universitit Miinster, 48149 Miinster, Germany
While pristine hexagonal boron nitride (hBN) is a wide-gap insulator, its point
defects are discussed as light emitters in the visible optical spectrum. In this
study, we examine two substitutional carbon impurities, Cyy and Cg, the nitro-
gen vacancy Vy, the divacancy Vyp and a carbon substitution with a nitrogen
vacancy adjacent to it, Cz VY, in a hBN monolayer from an ab initio approach,
via the GW/BSE approximation. Our results show deep defect states and defect-
related excitations with energies in the visible regime. We present a detailed
analysis of their spatial structure and energetic composition.

078.6 Wed13:30 P
Proroper ab-initio dielectric function of 2D materials and their polariz-
able thickness — «LORENZO SPONZzA and FRANGOIS DUCASTELLE — Université
Paris-Saclay, ONERA, CNRS, Laboratoire détude des microstructures, 92322,
Chiatillon, France
We derive a formalism allowing us to separate inter-layer contributions to the
polarizability of a periodic array of 2D materials from intra-layer ones. To this
aim, effective profile functions are introduced. They constitute a tight-binding-
like layer-localized basis involving two lengths, the effective thickness d charac-
teristic of the 2D material and the inter-layer separation L. The method permits,
within the same formalism, either to compute the single-layer dielectric function
from an ab-initio periodic calculation (ab-initio exfoliation) or to stack several
2D materials to generate a finite-thickness van der Waals heterostructure (ab-
initio stacking).

0787 Wed13:30 P
Electronic and vibrational properties of TMDs heterogeneous bilayers, non-
twisted bilayers silicene/TMDs heterostructures and photovoltaic hetero-
junctions of fullerenes with TMDs monolayers — «MOHAMED BarumoUMI!
and MONCEF SA1D?> — ' Monastir university, Monastir, Tunisia — 2 Monastir uni-
versity, Monastir, Tunisia
In the recent years, many studies have been showed that bilayer and heter-
obilayer transition metal dichalco- genides might offer properties superior to
those of monolayer. Nevertheless, only very few have been synthe- sized. Us-
ing first-principles calculations, we study the structural, electronic and vibra-
tional properties of new transition metal dichalcogenides heterogenous bilay-
ers (i.e., MX2/MX2 with M, M = Pd, Pt, W; X, X = S, Se). Also, we investi-
gate the structural, vibrational and electronic properties of silicene/TMDs and
C60/TMDs. Our results show that the predicted geometry can well reproduce
the structural parameters, where very well agreement was obtained between the
calculated and previous studies for the monolayers. Our calculations show that
all the heterobilayers are indirect band-gap semiconductors with the exception
of the WS2/PdSe2 and WSe 2/PdSe2 heterobilayers, which are metallic systems.
In the case of the heterostructures bilayers (silicene/MX2), the bandgap is de-
creased when Pd is changed to Pt, and when the atomic number of X increases,
the band-gap increases. Also, by analyzing the electronic band structures and
the electron density, it appeared that C60/MX2 is a promising system for photo-
voltaic applications.
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0788 Wed13:30 P
Decoupled Strain Response of Ferroic Properties in Multiferroic VOCI,
Monolayer — *AKSHAY MAHAJAN and SOMNATH BHOWMICK — Department
of Materials Science and Engineering, Indian Institute of Technology, Kanpur,
Kanpur 208016, India
Two-dimensional (2D) magnetoelectric multiferroic materials are a special class
of 2D materials that holds promising applications in the miniaturization of logic
and memory devices, along with the possibility to realize new low-dimensional
device architectures. In this work, we have reported a strain-engineering-based
study for a 2D multiferroic material, VOCIl, monolayer, that shows independent
control of magnetic and ferroelectric properties via applying strain along the
different in-plane crystallographic directions. An in-plane strain of around 4%
along the non-polar axis was found to cause a transition from an antiferromag-
netic (AFM) ground state with an out-of-plane magnetization to a ferromagnetic
(FM) ground state with in-plane magnetization. Additionally, the tensile strain
along the polar axis enhances the ferroelectric polarization. An increase in the
ferroelectric switching energy barriers and the magnitude of the magnetic ex-
change coupling parameter suggest enhancing ferroelectric and ferromagnetic
stability with tensile strain. The work reveals the VOCIl, monolayer as a strain-
tuneable multiferroic material holding great promises for future generation na-
noelectronic devices.

0789 Wed13:30 P
Band structure and image potential states of hBN/Cu(111) — «JAN BECKORD,
MATTHIAS HENGSBERGER, and JURG OSTERWALDER — Physik-Institut, Univer-
sitdt Ziirich, Schweiz
We present a study on the band structure and the image potential states of a
hexagonal boron nitride (hBN) monolayer on the Cu(111) surface. The orien-
tation of the bare copper surface was measured by XPD and ARPES. The hBN
layer was then grown by chemical vapour deposition from borazine. XPS spec-
tra confirm the presence of a full monolayer with the correct stoichiometry, and
ARPES band structure measurements with He Ila radiation along the high sym-
metry directions TK and TM are in excellent agreement with literature values for
other metal substrates. The work function is significantly reduced from 4.9 eV
to 4.1 eV, which agrees with the reported work function in valleys of the corru-
gated surface measured by STM. We then measured the unoccupied electronic
states with two-photon photoelectron spectroscopy on the bare copper as well
as on the hBN covered surface. Varying the photon energy allowed us to sepa-
rate the first two image potential states n=1 at 0.83 eV and n=2 at 0.16 eV below
the vacuum level from the Shockley surface state at a binding energy of 0.27 eV.
The valence band maximum in normal emission direction appeared at a binding
energy of 2.21 eV.

07810 Wed13:30 P
Gate-Tunable Curvature-Induced Charge Localization in Two-Dimensional
Semiconducting Monolayers — ¢BONG GYU SHINI, JZ-YUAN ]Uol, SOON JUNG
junG', and kLAUS KERN"? — !Max-Planck-Institut fiir Festkorperforschung,
Heisenbergstraie 1, DE-70569Stuttgart, Germany — “Institut de Physique,
Ecole Polytechnique Fédérale deLausanne, CH-1015 Lausanne, Switzerland
The localized quantum states in two-dimensional (2D) materials are attractive
for valley- and spin- related optoelectronics or other quantum applications.
However, achieving these quantum states is still challenging due to technical
difficulties. Here, we investigated strain-induced charge localization in mono-
layer MoS, on SiO,/Si using a gate-tunable home-built scanning tunneling mi-
croscope at ~4.9K. A MoS, monolayer follows surface roughness of the substrate,
exhibiting random distribution of bending strain with band gap reduction at a
local region, acting like a potential well leading to charge localization. At higher
electron doping levels, the tunneling-barrier-height over high curvature regions
is reduced since localized electron charges lower the local work function. More-
over, we observed the spatial flattening of the conduction (valence) band edge
over the band gap fluctuation at electron- (hole-) doping of ~10" cm™. In our
theoretical calculations, the trends of local work function and spatial flattening of
band edges by doping levels were confirmed in various thin 2D semiconductors,
providing the general mechanism of charge localization via curvature effects.

07811 Wed13:30 P
Spin and orbital nature of electronic structure in transition metal dichalco-
genides — <JAKUB ScHusser">?, Mauro FaNcrurLr', SAMUEL BEAULIEU®,
Maria C. RICHTERZ, OLIVIER HECKMANNZ, ZAKARIAE EL YOUBIZ’S, CEPHISE
CACHOS, RALPH ERNSTHOFER4, KaAroL HRICOVINIl, JaN MINARZ, and FRIEDEL
REINERT> — ILPMS, CY Cergy-Paris University, Neuville-sur-Oise, France —
2NTC, University of West-Bohemia, Pilsen, Czech Republic — *EP VII and Clus-
ter of Excellence ct.qmat, Universitit Wiirzburg, Wiirzburg, Germany — 4DPC,
Fritz-Haber-Institute, Berlin, Germany — *DLS, Harwell Campus, Didcot, UK
Our work is concerned with the polarization of electrons and orbital texture in
non-magnetic materials. We studied stationary and dynamic electron states by
photoemission and spin-polarized relativistic Korringa-Kohn-Rostoker calcula-
tions on three bulk transition metal dichalcogenide samples. On bulk WTe2, a
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Weyl type-II semimetal candidate, we performed spin-, time- and angle-resolved
photoemission spectroscopy experiments at different pump-probe time delays
to reveal the mechanism behind the relaxation process of spin-polarized elec-
trons above the Fermi level in the supposed Weyl points region. On bulk 2H-
WSe2, using different crystal orientations that are mathematically equivalent to
time-reversal operation, we introduce a new observable called “time-reversal
dichroism” which contains information about the hidden orbital texture of the
electronic states. For 1T-HfTe2 as a model system with both inversion and time-
reversal symmetries in the bulk, we performed an analysis of the spin-polarized
photocurrent.

07812 Wed13:30 P
Strain control of the competition between metallic and semiconducting
states in single-layers of TaSe; — ¢JoSE ANGEL StLva-GuILLEN' and ENRIC
CaNapELL® — 'School of Physics and Technology, Wuhan University, Wuhan
430072, China — 2Institut de Ciéncia de Materials de Barcelona (ICMAB-CSIC),
Campus Bellaterra, 08193 Bellaterra, Spain
Recently, layered group IV transition-metal trichalcogenides have been the ob-
ject of much attention because they provide a convenient platform as single- or
few-layers flakes for applications in devices. Interestingly, group V transition
metal chalcogenides have not yet been thoroughly studied as single-layers or
few-layer flakes. One of them, TaSe3, is a semi-metal and superconductor in the
bulk and a charge density wave has been claimed to occur in mesowires. Since in
the bulk there are noticeable interlayer Se-Se interactions it is challenging to see
how suppression of interlayer interactions can modify the electronic structure
and physical properties of this material. We report a DFT study of the electronic
structure of TaSe; single-layers and its evolution under different types of strain.
We find that the pristine TaSe3 single-layer exhibits a metallic state which can
be modified in different ways under the application of biaxial strain or uniaxial
strain along either the short or long directions of the layer. Electronic instabil-
ities related to both electron and hole pockets as well as the stabilization of a
semiconducting state are shown to be possible. These single-layers are thus pre-
dicted to be versatile materials where different states compete as a function of
relatively small differences in strain.

07813 Wed13:30 P
Ab Initio study of the structural and electronic properties of Niobium Sul-
fide (NbS2) and Lithium Niobium Sulfide (LiNbS2) bulk and (001) surfaces
— ¢JorGE D. VEGA and HENRY P. PINTO — Universidad Yachay Tech, Urcuqui,
Ecuador
In the context of the discovery of new materials, intercalation of Lithium (Li)
atoms among layers of NbS2 can be performed. However, few experimental
works deal with this material. Recently, Voiry et al. performed some experiments
with LiNbS2 providing some insights about the properties of this system. Hence,
we describe this material with state of the art non-empirical density functionals
in the framework of density-functional theory (DFT). Specifically, we describe
various insights regarding the electronic and atomic structure, lattice parame-
ters, scanning tunnelling microscopy images and phonons of the bulk and sur-
faces of LINDS2. We perform the computations with the meta-GGA SCAN func-
tional and some variations of the hybrid HSE as implemented in VASP. We found
out that SCAN+rVV10 performs very well in the description of certain proper-
ties of LiNbS2 and NbS2. Besides, we tested the hybrid HSE12 and HSE12s and
compared with the customary HSE06. The performance of the hybrids is dis-
cussed too. Interestingly, we found that the intercalation of Li on NbS2 produces
a considerable band-gap, making the material a semiconductor and providing
promising technological applications.

07814 Wed13:30 P
Kelvin probe force microscopy-based direct measurements of contact resis-
tance in 2D semiconductor thin film transistor — s ALEKSANDAR MATKOVIG: N
ANDREAS PETRITZ®, GERBURG SCHIDER’, MARKUS KRAMMER’, MARKUS
KRATZERI, ESTHER KARNER—PETRITZZ, ALEXANDER FIANZ, HERBERT GOLDZ,
MICHAEL GARTNER4, ANDREAS TERFORT4, CHRISTIAN TEICHERTI, EGBERT
ZoJER®, KARIN ZOJER®, and BARBARA STADLOBER® — lInstitute of Physics,
Montanuniversitit Leoben, Leoben, Austria — 2Joanneum Research MATERI-
ALS, Weiz, Austria — >Institute of Solid State Physics, NAWT Graz, Graz Univer-
sity of Technology, Graz, Austria — *Institut fiir Anorganische und Analytische
Chemie, Goethe-University Frankfurt, Germany
This study aims at direct imaging of contact resistance in MoS,-based thin
film transistors (TFTs). Exfoliated single-crystal flakes of MoS, have been used
in a bottom-contact TFT configuration. Pyrimidine-containing self-assembled
monolayers (SAMs) were employed to tune the work function of gold elec-
trodes. Kelvin probe force microscopy measurements were carried out during
operation of the devices in order to directly image potential drops across the
channel and to study the influence of different SAM treatments on the con-
tact resistance. By independently imaging potential drops at both carrier in-
jection and extraction points, we demonstrate asymmetry of contact resistances
in MoS,-based TFTs, as well as their non-linear and bias-dependent behavior
[10.1002/2elm.202000110].
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079.1 Wed13:30 P
Momentum Microscope vs. Hemispherical analyzer - a quantitative compar-
ison of electron analyzer performance for time-resolved ARPES experiments
— JULIAN MAKLAR, TOMMASO PINCELLI, SAMUEL BEAULIEU, SHUO DONG, MA-
CIE] DENDZIK, MARTIN WOLF, RALPH ERNSTORFER, and «LAURENZ RETTIG —
Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany
For angle-resolved photoelectron spectroscopy (ARPES), an important element
is the employed electron analyzer. While hemispherical analyzers with angle-
dispersing electron lenses have been the working horse for decades, recently
time-of-flight based momentum microscopes have shown a huge improvement
in parallel detection efficiency, allowing for simultaneous detection of multiple
Brillouin zones without the need to rearrange the sample geometry. However,
one drawback of such instruments, in particular in time-resolved studies, arises
from the large energy and momentum range covered simultaneously, which in
combination with detection limitations of delay-line detectors can severely re-
duce the effective detection rate for selected energy-momentum regions com-
pared to conventional hemispherical analyzers. Additionally, the high electron
energies employed in the more complex electron lens system designs impose
new constraints in terms of space charge. Using our XUV time-resolved ARPES
system hosting both a hemispherical analyzer (SPECS Phoibos 150) and a mo-
mentum microscope (SPECS Metis 1000) in one experimental setup, we quanti-
tatively compare the advantages and disadvantages of both types of analyzers for
various kinds of trARPES experiments. Rev. Sci. Instr. 91, 123112 (2020)

0792 Wed13:30 P
Dynamic screening of quasiparticles in WS, monolayers — «STEFANO
CALATII’Z, QIUYANG L13, XIAOYANG ZHU3, and JuLiA STAHLER?
'Department of physical chemistry, Fritz-Haber-Institut der MPG, Berlin —
2Institut fiir Chemie, Humboldt-Universitit zu Berlin — > Department of Chem-
istry, Columbia University, New York
The low dimensional nature of TMDCs and the resulting reduced screening
influence their non-equilibrium optical properties, as dynamic screening by
photoexcited quasiparticles governs the transient response. Here, we investi-
gate the respective roles of excitons and quasi-free carriers on the dynamic re-
sponse of WS, monolayers on SiO,. We find drastic changes in the reflec-
tivity/transmittance contrast upon photoexcitation. The main observation is a
pump photon energy-dependent blue/red shifts of the neutral exciton. Based
on a phenomenological model, we disentangle the different impact of excitons
and free carriers on the renormalization of the quasi-free-particle band gap and
exciton binding energy. This work unravels and quantifies the competition and
interplay of the multiple electronic and thermal processes contributing to the
recovery of the system upon photoexcitation.

0793 Wed13:30 P

Transient band structure renormalizations and ultrafast exciton dynamics in
fullerene thin films — ¢SEBASTIAN HEDWIG, SEBASTIAN EMMERICH, BENITO
ARNOLDI, JOHANNES STOCKL, BENJAMIN STADTMULLER, and MARTIN AESCHLI-
MANN — Department of Physics and Research Center OPTIMAS, University of
Kaiserslautern, Erwin-Schrédinger-Strafle 46, 67663 Kaiserslautern, Germany
Fullerenes have been subject to intense research in the past decades, with promis-
ing potential for their implementation in optoelectronic devices. Resonant opti-
cal excitation of a fullerene thin film leads to a transient renormalization of the
polaronic valence band structure which follows the timescale of CT-exciton for-
mation and decay, as recently shown for Cg, [1,2]. Embedding metal atoms or
clusters into the carbon cage can alter the cage symmetry and density of states
leading to new relaxation channels, such as the cluster-cage electron transfer.
Here, we present time resolved fs UV-pump XUV-probe photoemission studies
carried out on thin films of C¢, and the endohedral metallofullerene Sc;N@Cg.
Both fullerene complexes reveal almost identical band structure changes upon
optical excitation evolving on similar timescales. For Sc;N@Cg,, we also show
that the exciton and polaron dynamics are strongly altered upon K intercalation
of the pristine film. This enables us to reveal the role of the cluster-cage charge
transfer on the ultrafast carrier dynamics in fullerene thin films [3].

[1] B. Stadtmiiller et al., Nat Commun 10, 1470 (2019)

[2] S. Emmerich et al., J. Phys. Chem. C 124, 23579-23587 (2020)

[3] S. Emmerich et al., arXiv:2002.04576 (2020)

0794 Wed13:30 P
Optical driven 4f-spin and orbital transitions in rare-earth metals — oN.
THIELEMANN-KI"JHNI, T. AMRHEINI, W. BRONSCHI, S. ]ANAZ, N. PONTIUSZ, R.
Y. ENGEL3, P.S. MIEDEMA3, M. BEYES, B. E. van KUIKEN4, M. TEICHMANN4,
R. E. Carrey?, L. MErcaDIER?, A. YarosLAvTsEV?, G. MErcurio?, L. LE
GUYADER4, N. AGARWAL4, A. SCHERZ4, P. M. OPPENEERS, M. G. WEINELTI, and
C. ScHUSSLER-LANGEHEINE® — 'FU Berlin — 2HZB — *DESY — *EuXFEL —
SUppsala University
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4f rare earth (RE) metals exhibit strongly localized 4f states carrying the largest
magnetic moment among the elements of the periodic table. Due to their energy-
level scheme, 4f states are not directly accessible with optical wavelengths in
contrast to the delocalized 5d6s valence electrons, that mediate the inter-atomic
4f exchange coupling. Despite the strong intra-atomic exchange coupling, local
5d-4f excitations have neither been observed upon optical excitation nor were
considered to be relevant for non-equilibrium dynamics in RE metal based sys-
tems. In an X-ray absorption experiment at the EuXFEL we found that the 54
and 4f system interact directly via inelastic electron scattering and 4f-5d elec-
tron transfer, initiating transitions to higher energetic 4f configurations, which
becomes pronouncedly visible in a change of the multiplet structure. The ob-
served 4f electronic excitation are highly element-specific and strongly depend
on pump pulse parameter. They directly cause changes in exchange and electron-
phonon coupling and thus open a door for more fundamental understanding of
non-equilibrium dynamics.

0795 Wed13:30 P
Extension of the two-temperature model capturing nonequilibrium electrons
after ultrashort laser excitation — ¢MARKUS UEHLEIN, SEBASTIAN T. WEBER,
and BAERBEL RETHFELD — Department of Physics and Research Center OPTI-
MAS, TU Kaiserslautern, Erwin-Schroedinger-Strasse 46, 67663 Kaiserslautern,
Germany
The understanding of materials’ reaction on a laser excitation with pulse dura-
tions below one picosecond is of significant importance for industrial applica-
tions. The energy of ultrashort laser pulses in the visible range is absorbed by the
electrons. This creates a non-equilibrium in the electron system that thermalizes
typically in the following hundreds of femtoseconds [1]. On longer time scales,
electrons and phonons relax to a joint temperature. The latter relaxation process
is described by the well-known two-temperature model (TTM) [2]. However,
this neglects the electronic non-equilibrium completely.
In this presentation, we investigate an extension of the TTM developed by
Carpene [3] and Tsibidis [4]. This extension adds a system of nonthermal elec-
trons to the TTM. We introduce several improvements and discuss selected
results of the extended two-temperature model.
[1] B. Y. Mueller and B. Rethfeld, PRB 87, 035139 (2013)
[2] S. 1. Anisimov et al., JETP 39, 375 (1974)
[3] E. Carpene, PRB 74, 024301 (2006)
[4] G. D. Tsibidis, Appl. Phys. A 124, 311 (2018)

079.6 Wed13:30 P

Carrier dynamics in a laser-excited Fe/MgO(001) heterostructure from
real-time TDDFT — eELAHEH SHOMALI, MARKUS ERNST GRUNER, and
RossiTza PENTCHEVA — Department of Physics and Center for Nanointegra-
tion, CENIDE, University of Duisburg-Essen, Germany
The interaction of a femtosecond optical pulse with a metal/oxide interface has
been addressed based on time-dependent density functional theory (TDDFT)
in the real-time domain using the Elk code. We systematically studied elec-
tronic excitations of a Fe;/(Mg0O);(001) heterostructure as a function of laser
frequency, peak power density and polarization direction. We find a marked
anisotropy in the response to in-plane and out-of-plane polarized light, which
changes its character for frequencies lower and higher than the MgO band gap.
For laser frequencies between the MgO band gap and the charge transfer gap,
interface states resulting from the hybridization of the d, »_.» orbitals of Fe and
the p, orbitals of O at the interface may foster the propagation of excitations
into the central layer of MgO. Spin-orbit coupling (SOC) is found to result in a
small time-dependent reduction of magnetization only. Finally, we extend our
investigation to examine the effect of spin-orbit coupling.

Financial support from the DFG within SFB 1242 (project C02) is gratefully
acknowledged.

079.7 Wed13:30 P
Tracing magnetization dynamics in Fe at the BZ edge by TR-ARPES
— oCHRISTIAN STRUBER, XINWEI ZHENG, SHABNAM HAQUE, and MARTIN
WEINELT — Freie Universitit Berlin, Berlin, Germany
Time- and angle-resolved photoemission spectrocopy (TR-ARPES) allows for
the investigation of magnetization dynamics by observing shifts in the electronic
band structures and transient changes of the electronic population [1]. The fo-
cus of previous experiments often lay on the centre of the Brillouin zone (BZ).
However, large parts of the electrons contributing to magnetism are distributed
over the whole BZ.

We prepare single-crystalline layers of Fe on W(110) at 300 K and measure
TR-ARPES signals at cryogenic temperatures (<100 K). In a pump-probe ex-
periment photoelectrons are excited by ultrashort monochromatic XUV pulses
(27.2 eV, 10 kHz, <100 fs) generated via HHG in an argon target. Demagneti-
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zation dynamics in the thin-film samples are pumped by intense NIR (770 nm)
pulses. We measure the electronic excitation and energy shifts of majority and
minority spin bands at the centre of the BZ and for high lateral momentum. We
observe different dynamics of bulk and surface resonance states.

Additionally, we observe kinetic energy modulations before the temporal
overlap resulting from an interaction with the ponderomotive potential of the

pump pulse in front of the Fe sample. We investigate these modulations as a
function of kinetic energy, emission angle and pump incidence angle and com-
pare to results in Gd [2].

[1] B.Frietsch et al., Science Advances 6,39(2020)

[2] U. Bovensiepen et al. Physical Review B 79, 045415 (2009)
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080.1 Wed13:30 P
Vibrational Sum Frequency Generation Studies of Carbon Dioxide Reduc-
tion on Gold: Effects of Electric Fields and Electrolyte Cations. — SPENCER
WALLENTINEI, QUANSONG ZHUl, SAVINI BANDARANYAKEI, SOMNATH BISWASZ,
and RoBerT Baker' — 'Ohio State University, Columbus Ohio, USA. —
2Princeton University, Princeton New Jersey, USA
The electrochemical interface is complex in function yet elegant in its ability per-
form redox processes. These processes are sensitive to the electrolyte cation dur-
ing carbon dioxide reduction, however the reason for this remains the subject
of debate. Using vibrational sum frequency generation we measure in-situ spec-
tra of adsorbed carbon monoxide on polycrystalline gold during carbon dioxide
reduction. The surface bound carbon monoxide redshifts with applied potential
due to the Stark effect. From this Stark shift we measure the interfacial electric
field, which reaches a maximum of 35 MV/cm. We find that the interfacial elec-
tric field begins to saturate at -0.9 V vs SHE, and is indicative of the formation of
a dense cation layer in the interfacial region. Interestingly, -0.9 V is coincident
with the onset of high efficiency carbon monoxide production, which suggest
that interfacial cations or the associated electric field enhance this faradaic pro-
cess. These results are further corroborated by an increase in the Tafel slope,
which is predicted to occur as the active site density decreases due to site block-
ing by ions. Taken together we obtain a atomistic picture of the electrode elec-
trolyte interface where ions block some of the active sites, but the remaining sites
are more active due to electric field stabilization.

0802 Wed13:30 P
Dodecanethiol on gold nanoparticles promotes catalytic performance by pre-
venting trace ion deposition — <HONGYU SHANG', SPENCER WALLENTINE!,
DaNIEL HOFMANN?, QUANSONG Zuu', CATHERINE MURPHY?, and ROBERT
Baker' — !The Ohio State University, Columbus, Ohio, USA — 2Universi‘[y
of Illinois: Urbana, IL, US
Nanoparticles are very efficient heterogeneous catalysts due to their inherent sur-
face to volume ratio and tunability. Small organic molecules are usually used as
capping agents to stabilize and control the size of the nanoparticles, which sig-
nificantly affect the catalytic performance. To study the influence of capping
agents in catalyzing carbon dioxide (CO2) to carbon monoxide (CO), we have
performed carbon dioxide reduction (CDR) reaction on ultra-small (d=2nm)
gold nanoparticles capped with different capping agents. We find that dode-
canethiol on gold nanoparticles promotes catalytic selectivity and stability by
inhibiting trace ion deposition that are responsible for rapid deactivation. Both
the geometric structure and the microscopic ordering of the stabilization agent
are found to influence the inhibition ability of the catalyst toward ion deposition.
In addition, dodecanethiol capped gold nanoparticles exhibit a CO yield that is
100 times greater than polycrystalline gold when using ambient water source
to prepare electrolyte. These findings give a better understanding in improving
catalytic performance and provide a good opportunity to address the overlooked
challenge of electrolyte purity.

080.3 Wed13:30 P
Turn on the power - a theoretical adsorption study of electrified low- and
high-index platinum/electrolyte interfaces — ¢SiMEON D. Beinticu'?, Nico-
LAs G. HorRMANN'?, and KarsTEN REUTER"? — !Technical University of Mu-
nich, Munich, Germany — 2Fritz Haber Institute of the Max Planck Society,
Berlin, Germany
Simulating properties of electrified solid-liquid interfaces critically depends on
the ability of modeling the energetics of such a system in a sensitive way. For over
a decade now, the computational hydrogen electrode (CHE) was very successful
in approximating the energetic influence of an applied electrode potential. By
construction, however, it lacks the ability to model important electric-field and
double-layer induced effects such as electrode potential or pH-dependent shifts
in the relative stability of adsorption sites.

By describing the solid-liquid interface in a more detailed, grand canonical
(GC) manner [1], that explicitly accounts for capacitive charging, we are able
to simulate such shifts for various adsorption sites and adsorbate species on a
high- and a low-index platinum surface. We compare classical CHE simulations
with the GC approach and with a second-order approximation of it — the latter,
in essence, consisting of the classical CHE expression and additional double-
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layer contributions (CHE+DL, [1]). It turns out that the CHE+DL approach -
at computational costs comparable to the classical CHE approach - very accu-
rately reproduces the GC results, offering a powerful tool for modeling electrified
solid-liquid interfaces.

[1] N.G. Hérmann et al., npj Comp. Mat. 6, 136 (2020).

0804 Wed13:30 P
Ab initio Study of NiOOH (0001) Surfaces: Deprotonation and Alkali Metal
Cation Adsorption — «MOHAMMAD J. ESLAMIBIDGOLII, ProTr KOWALSKII,
AXEL Gross?, and MicHAEL H. EIKERLING' — 'Institute of Energy and Climate
Research, Modeling and Simulation of Materials for Energy Technology (IEK-
13), Forschungszentrum Jiilich, 52425 Jiilich, Germany — “Institute of Theoret-
ical Chemistry, Ulm University, Albert-Einstein-Allee 11, D-89069 Ulm, Ger-
many
Nickel-based oxides are highly active, cost effective materials for the oxygen evo-
lution reaction (OER) in alkaline conditions. Recent experimental studies have
revealed the importance of surface deprotonation and alkali metal cation ad-
sorption on the OER activity of Ni oxide surfaces, in contact with aqueous al-
kaline electrolyte [1,2]. In this study, we employ the DFT+U method within the
grand-canonical scheme based on the computational hydrogen electrode [3,4]
to determine the stable interface structure of f-NiOOH (0001) under varying
electrochemical conditions (pH and electrode potential). We will discuss the ef-
fect of surface water layer and the potential-dependent shift in Gibbs free energy
of adsorption arising from the interaction of surface dipoles with the interfacial
electric field on the computed surface Pourbaix diagrams. [1] Diaz-Morales, O.
et al. Chem. Sci. 2016, 7, 2639-2645. [2] Garcia, A. C. et al. Angew. Chem.
Int. Ed., 2019, 58, 12999-13003. [3] Nerskov, J. K. et al. J. Phys. Chem. B, 2004,
108, 17886-17892. [4] Grof3, A. 2021, Curr. Opin. Electrochem., accepted for
publication.

080.5 Wed13:30 P

Parameterization of ESM-RISM for the Pt(111)-Electrolyte Interface —
*REBEKKA TESCH1’2’3, MICHAEL H. EIKERLINGl’z’S, and ProTr M. KowaLsk1"?
— "Theory and Computation of Energy Materials (IEK-13), Forschungszentrum
Jilich, 52425 Jilich, Germany — 2]ﬁlich Aachen Research Alliance, JARA-CSD
and JARA-ENERGY, 52425 Jiilich, Germany — >Chair of Theory and Compu-
tation of Energy Materials, Faculty of Georesources and Materials Engineering,
RWTH Aachen University, 52062 Aachen, Germany
Modeling of electrode/electrolyte interfaces at the atomic scale under applied
potential is essential for understanding electrocatalytic reactions. A promis-
ing approach to treat the coupled interface phenomena is the Effective Screen-
ing Medium Reference Interaction Site Method (ESM-RISM) [1] that combines
Density Functional Theory with the integral theory of liquids. However, ESM-
RISM implements Lennard-Jones (L]) interaction potentials for electrolyte-
electrolyte and electrode-electrolyte interactions. The choice of L] parameters is
thus crucial for obtaining a realistic description, but these parameters are rarely
transferable. To address this issue we fit the L] parameters to reproduce ab ini-
tio electrolyte density profiles for the Pt(111)-aqueous electrolyte interface. We
also scrutinize the choices of further input parameters in the ESM-RISM im-
plementation [2]. These steps yield a more accurate description of the Pt(111)-
electrolyte interface.

[1] Nishihara and Otani, Phys. Rev. B 96, 115429, 2017.

[2] Fernandez-Alvarez and Eikerling, ACS Appl. Mater. Interfaces 11, 46,
43774, 2019.

080.6 Wed13:30 P
Recent advancements in the development of screening approaches and de-
scriptors for electrocatalytic processes — KA1 EXNER — University Duisburg-
Essen, Faculty of Chemistry, Theoretical Chemistry, Universitatsstrale 5, 45141
Essen, Germany — Cluster of Excellence RESOLV, Bochum, Germany
For the identification of electrocatalysts from databases, heuristic screening ap-
proaches have been established to categorize materials into active and inactive
[1]. Most of these studies rely on the initial idea of Nerskov, Rossmeisl, and co-
workers in that only the binding energies (thermodynamics) of potential reac-
tion intermediates (RIs) within the electrocatalytic cycle are assessed. Recently,
this thermodynamic picture was challenged, reporting that the optimum bind-
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ing energy shifts from thermoneutral to weak bonding with increasing driving
force [2]. This result, explained by an extension of the Sabatier principle for elec-
trocatalytic reactions [3], has direct implications on the energetics of multiple-
electron processes, such as the four-electron oxygen evolution reaction. There,
the thermodynamic overpotential, commonly used as activity descriptor, has
been replaced by a universal descriptor, Gmax(#), factoring overpotential and
kinetic effects into the analysis [4]. The present contribution aims to provide an
overview of the recent advancements in the application of heuristic screening
approaches and descriptors for the hydrogen and oxygen evolution reactions.

[1] KSE, Adv. Funct. Mater. 2020, 30, 2005060. [2] KSE, Angew. Chem. Int.
Ed. 2020, 59, 10236. [3] K.S. Exner, Curr. Opin. Electrochem. 2021, 26, 100673.
[4] KSE, ACS Catal. 2020, 10, 12607.

080.7 Wed13:30 P
‘We hold these truths to be self-evident, that all halide CVs are created equal.
— «NicoLas G. HorMANN'? and KarSTEN REUTER? — !Technische Univer-
sitit Miinchen, Garching, Germany — Fritz-Haber-Institut der Max-Planck-
Gesellschaft, Berlin, Germany

Consistent with chemical intuition, the cyclic voltammograms (CVs) of Ag(111)
in halide containing solutions are essentially identical for Cl, Br, and I, when
simulated based on DFT calculations and the computational hydrogen electrode
(CHE) approximation. Quite in contrast, experiments reveal significant differ-
ences in CV peak heights and shapes.

Here we show that the DFT results can be reconciled with experiment, when
using a fully grand canonical description in an implicit solvent model that allows
for capacitive charging [1]. It is thus only the latter and not the adsorption ener-
getics at the potential of zero charge, that leads to the experimental variation in
the CVs across the halide series. This finding is supported by a general analysis
of the relation between grand canonical and CHE energetics, which in addition
provides new insights into non-Nernstian behavior and the relevance of classical
electrochemical concepts such as the electrosorption valency(2].

[1] N.G. Hérmann et al., J. Chem. Phys. 150, 041730 (2019). [2] N.G. Hor-
mann et al., npj Comput. Mater. 6, 136 (2020).
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O81.1 Wed13:30 P
Spin polarization of quantum confined surfaces states of 2D metal-organic
network structures — LU Lyu, ToB1ias EuL, WEI YA0, BENITO ARNOLDI, BEN-
JAMIN STADTMULLER, and MARTIN AESCHLIMANN — Department of Physics,
TU Kaiserslautern, Germany
Controlling the quantum confinement of spin-dependent electronic states by de-
sign of two-dimensional (2D) metal-organic networks (MON) opens a unique
avenue to accelerate the implementation of quantum technology into the next
generation of spintronic applications. In our work, we focus on the quantum
confinement of occupied Shockley surface states (SS) and unoccupied image po-
tential states (IPS) of noble metal (111) surfaces by the formation of 2D metal-
organic networks. Both surface states are well-known quasi-free 2D electron
gases (2DEGs) with a Rashba spin-orbit splitting. For the exemplary case of the
Cu-T4PT network on Cu(111) surface, we investigate the trapping of the 2DEG
into a 2D quantum dot system using spin- and momentum-resolved photoemis-
sion. We reveal that the dispersion free electron-like surface states transform into
periodic bands in momentum space. The details of the band structure depend
critically on the intercoupling between electrons trapped in neighboring pores.
In addition, we demonstrate that the mixing of molecular and metallic states
reduces the magnitude of the spin-splitting of confined SS and IPS due to the
strongly reduced spin-orbit coupling strength of the molecular materials. Our
works open up a new avenue towards manipulating the spin-dependent trapping
of electrons in metal-organic network structures.

0812 Wed13:30 P
A scanning tunneling microscope capable of electron spin resonance and
pump-probe spectroscopy at mK temperature and in vector magnetic field
— *WERNER M.]. VAN WEERDENBURGI, MANUEL STEINBRECHERI, NieLs PE.
VAN MULLEKOMI, JaAN'W. GERRITSENI, HENNING VON ALLWéRDENI, FaBiaN D.
NATTERERZ, and ALEXANDER A. KHAJETOORIANS1 — nstitute for Molecules
and Materials, Radboud University Nijmegen, the Netherlands — 2Department
of Physics, University of Ziirich, Switzerland
Recent advances in detecting atomic spin dynamics have combined techniques
like electron spin resonance (ESR) and pump-probe spectroscopy with scanning
tunneling microscopy (STM). Such methods have been employed to detect small
magnetic interactions, and spin relaxation and coherence times in the nanosec-
ond regime.

Here, we demonstrate the implementation of ESR and all-electrical pump-
probe spectroscopy in a dilution-refridgerator (DR) STM, equipped with a vector
magnetic field [1]. The efficient cooling of the DR permits the use of appreciable
RF amplitudes at the STM junction while remaining at mK base temperature. We
measure ESR resonances of a single TiH molecule on MgO/Ag(100) in an un-
precedented low frequency band [2], enabled by the mK temperature, and use
pump-probe spectroscopy to study the spin relaxation time of single Fe atoms
on MgO/Ag(100) in a vector magnetic field.

[1] W. van Weerdenburg et al., arXiv:2007.01835v2;

[2] M. Steinbrecher et al., arXiv:2007.01928

0813 Wed13:30 P
Experimental connection between Yu-Shiba-Rusinov states and the Kondo ef-
fect using numerical renormalization group theory — «HaoNAN Huang', Su-
JoYy KARANI, ROBERT DROSTI, CIPRIAN PADURARIUZ, ALFREDO LEVY YEYATIS,
Juan CARLOS CUEvas® , BJORN KUBALAZ, JoacHIM ANKERHOLDZ, Kraus
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Kern"*, and Curistian R. Ast! — 'MPI fiir Festkérperforschung, Stuttgart,
Germany — 2Institut fiir Komplexe Quantensysteme and IQST, Universitit Ulm,
Ulm, Germany — *TFIMAC, Universidad Auténoma de Madrid, Madrid, Spain
— “EPFL, Lausanne, Switzerland

Magnetic impurities on superconductors give rise to Yu-Shiba-Rusinov (YSR)
states in the gap. When the superconductivity is quenched, the Kondo effect
manifests itself as a spectral anomaly at the Fermi energy. Both phenomena can
be understood quantitatively with the single impurity Anderson model (SIAM)
using numerical renormalization group (NRG) theory. One prediction of this
theory is that the YSR energy depends universally on the ratio between the
Kondo temperature Ty and the superconducting order parameter A. Neverthe-
less, deviations from this universal behavior have been observed in different ex-
periments. Using a scanning tunneling miscroscope, we show that for a spin 1/2
impurity on the apex of a superconducting vanadium tip, both the YSR state and
the Kondo peak can be quantitatively reproduced by the NRG theory using the
Ljubljana code. Intriguingly, the asymmetry of the experimental spectra is also
contained within the SIAM for both cases, indicating the essential role of the
particle-hole asymmetry which is absent in the conventional Kondo impurity
model.

0814 Wed13:30 P
Engineering atomic-scale magnetic fields by dysprosium single atom mag-
nets — *APARAJITA SINGHA1'2’3, PHILIP WILLKE1’2’4, ToB1As BILGERIS, XUE
ZuanG"?, HARALD BRUNE®, FaBIo DONATI"?, ANDREAS HEINRICH'?, and
TaEYounG Cror"? — 'Center for Quantum Nanoscience, Institute for Basic Sci-
ence (IBS), Republic of Korea — *Ewha Womans University, Republic of Korea
— 3Max-Planck-Institut fiir Festkérperforschung, Germany — *Physikalisches
Institut, KIT, Germany — *Institute of Physics, EPFL, Switzerland
Atomic-scale engineering of magnetic fields is a key ingredient for miniaturiz-
ing quantum devices and precision control of quantum systems. This requires
a unique combination of magnetic stability and spin-manipulation capabilities.
Surface-supported single atom magnets [1,2] offer such possibilities, where long
temporal and thermal stability of the magnetic states can be achieved by maxi-
mizing the magnetic anisotropy and by minimizing quantum tunnelling of the
magnetization. Here, we show that dysprosium atoms adsorbed on magnesium
oxide have a giant anisotropy of 250 meV, currently the highest among all surface
spins. Using a variety of STM techniques including single atom electron spin res-
onance [3], we confirm no spontaneous spin-switching in these atoms over days
at = 1 K under low and even at vanishing magnetic fields. We utilize these ro-
bust single atom magnets to engineer magnetic nanostructures, demonstrating
unique control of magnetic fields with atomic-scale tunability. [1] Science 352,
318 (2016); [2] Nature 543, 226 (2017); [3] Science 350, 417 (2015).

0815 Wed13:30 P
An ultra-high vacuum electron spin resonance spectrometer for investiga-
tion of magnetic atoms and molecules at surfaces — +J1s00 Yu"?, FRANKLIN
CHOI’Z, LuciaNo COLAZZOI’Z, YEJIN ]EONGI'Z, JuNJIE LIU3, ARZHANG
ARDAVAN3, GIOVANNI BOERO4, ANDREAS HEINRICHI’Z, and FaB1o Donati?
— ICenter for Quantum Nanoscience (QNS), Insititute for Basic Science (IBS),
Seoul, Republic of Korea — 2Department of Physics, Ewha Womans Universitiy,
Seoul, Republic of Korea — >The Clarendon Laboratory, Department of Physics,
University of Oxford, Oxford, UK — *Ecole Polytechnique Fédérale de Lausanne
(EPFL), Laboratory for Microsystems, Lausanne, Switzerland
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Magnetic atoms and molecules on surfaces are model systems to control and ma-
nipulate quantum coherence properties at the smallest scale of matter. Their per-
formances as qubits can be investigated through electron spin resonance (ESR)
spectroscopy [Nat. Chem. 11, 301(2019)]. However, commercial spectrome-
ters do not meet the requirements of ultra-high vacuum (UHV) and surface-
sensitivity to measure a single layer of surface-adsorbed spin centers. We present
an UHV ESR spectrometer that enables us to measure thin molecular films in a
wide range of temperature (2.5-300 K) and magnetic field (0-3.2 T). This spec-
trometer operates in the X-band (10 GHz) both in continuous wave (CW) and
pulsed mode. To maximize the microwave field on a 2D spin system we de-
posited the molecular layer directly on the resonator surface. We demonstrate
sensitivity of 10'* spins/G*Hz in CW, which allows ESR measurements down to
a single layer of molecular spins.

081.6 Wed13:30 P
Quantifying the interplay between fine structure and geometry of an indi-
vidual molecule on a surface — sMANUEL STEINBRECHER', WERNER M.]. V.
WEERDENBURGI, ETIENNE E WALRAVENI, NieLs PE. v. MULLEKOMI, JaAN W.
GERRITSENI, FaBIAN D. NATTERERZ, Danis L. BADRTDINOV® ’1, ALEXANDER N.
Rupenko®*!, VLADIMIR V. MAZURENKO®, MIKHAIL I. KATSNELSON'", AD v.D.
AVOIRDI, GERrIT C. GROENENBOOMI, and ALEXANDER A. KHAIETOORIANSl
— Institute for Molecules and Materials, Radboud University, Nijmegen, The
Netherlands — 2Department of Physics, University of Zurich, Zurich, Switzer-
land — *Theoretical Physics and Applied Mathematics Department, Ural Federal
University, Ekaterinburg, Russia — *School of Physics and Technology, Wuhan
University, Wuhan, China

With spin-resolved scanning tunneling microscopy (SP-STM) and electron spin
resonance (ESR) we have probed single TiH molecules deposited on a thin in-
sulating MgO layer in a vector magnetic field at mK temperatures down to MHz
frequencies. We find that the molecule retains a non-trivial orbital angular mo-
mentum. This results in a strongly renormalized and anisotropic g-tensor. As we
prove, the latter does not stem from Kondo or Jahn-Teller effects. From quantum
chemistry embedded cluster calculations we find an analytical expression for the
g-tensor, which solely depends on the splitting of the ground states and the spin-
orbit coupling. In a dynamic expansion of the model, the position of the H atom
and rotational dynamics of the molecule were investigated. [1] Steinbrecher et
al., arXiv 2007.01928 (2020)

0817 Wed13:30 P
Inducing and Controlling Molecular Magnetism through Supramolecular
Manipulation — «JAN HOMBERG, ALEXANDER WEISMANN, RICHARD BERNDT,
and MANUEL GRUBER — Institut fiir Experimentelle und Angewandte Physik,
Christian- Albrechts-Universitat zu Kiel, D-24118 Kiel, Germany
Diamagnetic H, phthalocyanine molecules are probed on superconducting
Pb(100) using a low-temperature scanning tunneling micoscope (STM). In
supramolecular arrays made with the STM, the molecules acquire a spin as de-
tected via the emergence of Yu-Shiba-Rusinov resonances. The spin moments
vary among the molecules and are determined by the electrostatic field that re-
sults from polar bonds in the surrounding Pc molecules. The moments are fur-
ther finely tuned by repositioning the hydrogen atoms of the inner macrocycle
of the surrounding molecules.
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0821 Wed13:30 P
Diagrammatic Monte Carlo study of the acoustic lattice polaron —
«THOMAS HAHN', ANDREY MISHCHENKO>”, NAOTO NaGA0sa®, and CESARE
FrancuiNi™ — Faculty of Physics, Center for Computational Materials Sci-
ence, University of Vienna, A-1090 Vienna, Austria — ZRIKEN Center for Emer-
gent Matter Science (CEMS), Wako, Saitama 351-0198, Japan — 3National Re-
search Center Kurchatov Institute, 123182 Moscow, Russia — *Dipartimento di
Fisica e Astronomia, Universita di Bologna, 40127 Bologna, Italy
The Diagrammatic Monte Carlo (DMC) method is used to study an electron in-
teracting with acoustic phonons via the deformation potential. For the first time,
we obtain unbiased results for the acoustic polaron in a realistic condensed mat-
ter discrete lattice model and resolve self-contradictory conclusions from pre-
vious studies based on the continuum approximation. We present accurate nu-
merical results for the ground state energy, effective mass, quasiparticle weight
and the structure of the phonon cloud of the polaron. The most interesting data
is obtained for excited states in the parameter range of the transient region be-
tween the weak and strong coupling regime. The unique structureless shape of
the incoherent part of the spectral function and the flat background of the opti-
cal conductivity allows us to follow the behavior of excited states, whose studies
are hindered in optical polaron models. We show that the behavior of the ex-
cited states in the spectral function is different from what is seen in the optical
conductivity. This confirms the different nature of the excited states observed in
these different probes of the excited spectra of the polaron.

0822 Wed13:30 P
First principles study of spin spirals in the multiferroic BiFeO; — ¢SEBASTIAN
MEYERI, Bin XU2’3, MATTHIEU VERSTRAETEI, LAURENT BELLAICHEZ, and
BerTRAND DupE"* — 'Nanomat/Q-mat/CESAM, University of Liége, Belgium
— 2Physics Department and Institute for Nanoscience and Engineering, Uni-
versity of Arkansas, USA — *Jiangsu Key Laboratory of Thin Films, School of
Physical Science and Technology, Soochow University, China — *Fonds de la
Recherche Scientifique (FNRS), Bruxelles, Belgium
We carry out density functional theory (DFT) calculations to explore the anti-
ferromagnetic (AFM) spin spiral in multiferroic BiFeO;. We calculate the spin
spiral energy dispersion E(q) along the high symmetry directions of the pseudo-
cubic unit cell, for four different structural phases: cubic, R3¢, R3m and R3c¢. In
all cases, we find a large exchange frustration. The comparison provides detailed
insight into how polarization and octahedral anti-phase tilting affect the differ-
ent magnetic interactions and the magnetic ground state in BiFeO;. For the R3¢
structural ground state, we find an AFM spin spiral ground state with a peri-
odicity of ~80 nm in good agreement with experiments and previous findings.
This spin spiral is driven by a Dzyaloshinskii-Moriya interaction stemming from
the Fe-Bi ferroelectric displacement. The spiral appears to be stable because the
anisotropy energy in R3¢ BiFeOj is too small to enforce the collinear order. For
all the four phases, we discuss the magnetic ground state and identify its stabi-
lization mechanisms.
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0823 Wed13:30 P
Influence of electronic excitations on defect formation on GaAs — <DANIEL
MURNOZ-SANTIBURCIO* , NATALIA Kovar! , FABIANA Da PIEVEZ, and EmiLio
Artacuo™® —!CIC Nanogune, Tolosa Hiribidea 76, 20018 San Sebastian, Spain
— 2Royal Belgian Institute for Space Aeronomy, Av Circulaire 3, 1180 Brussels,
Belgium — *Theory of Condensed Matter, Cavendish Laboratory, University of
Cambridge, Cambridge CB3 OHE, United Kingdom
Solar cells in spacecrafts are subject to high energy ions of solar and cosmic ra-
diation, which promote the formation of defects in their different layers, notably
affecting their performance.

The formation of defects in such materials has been abundantly studied, but
usually assuming that the system stays in its electronic ground state during the
whole process. On the other hand, when the target is irradiated with high energy
particles, its electronic subsystem is significantly excited as a consequence of the
projectile’ passing. These electronic excitations may greatly alter the process of
defect formation in the material in comparison to the ground-state conditions.

Here we present a study via first-principles Molecular Dynamics of the in-
fluence of the electronic excitations on the formation of defects on GaAs. We
simulate the formation of different types of defects in the material for excitations
of varying extent. We will show that the electronic excitations have a significant
impact on the defect formation, changing the threshold displacement energy and
causing different types of defects, even promoting local phase changes in the tar-
get material.

0824 Wed13:30 P
Optimized effective potentials to increase the accuracy of approximate pro-
ton transfer energy calculations in the excited state — «POUYA PARTOVI-AZAR
and DANIEL SEBASTIANI — Institute of Chemistry, MLU Halle-Wittenberg, Halle
(Saale), Germany
In various systems, acidic properties emerge when the system is electronically
excited. Although the time scale attributed to the dynamics of the electrons is
usually on the order of femtoseconds, the electronic excitations can in general
trigger much slower processes.

Here, we propose and benchmark a novel approximate first-principles molec-
ular dynamics simulation idea for increasing the computational efficiency of
density functional theory-based calculations of the excite states. We focus on
obtaining proton transfer energy at the S; excited state through actual density
functional theory calculations at the T, state with additional optimized effec-
tive potentials. The potentials are optimized such as to reproduce the time-
dependent density functional theory energy surface, but can be generalized to
other more accurate quantum chemical methods. We demonstrate the appli-
cability of this method for two prototypical photoacids, namely phenol and 7-
hydroxyquinoline. We show that after optimizing the additional effective po-
tentials for carbon, nitrogen, oxygen, and the acidic hydrogens, both thermody-
namics and kinetics of proton dissociation reaction can be well reproduced as
compared to reference excited-state calculations. It is found that a good agree-
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ment can be reached by only optimizing two effective potential parameters per
each species in the photoacids.

0825 Wed13:30 P
Assessment of the Ab Initio Bethe-Salpeter Equation Approach for the
Low-Lying Excitation Energies of Bacteriochlorophylls and Chlorophylls —
«Zoures Hasuemr' and Linn LEppErT"? — !Institute of Physics, University
of Bayreuth, Germany — *MESA+ Institute for Nanotechnology, University of
Twente, Netherlands
Bacteriochlorophyll and Chlorophyll molecules are crucial building blocks of the
photosynthetic apparatus in bacteria, algae and plants. In this contribution we
assess the accuracy of ab initio many body perturbation theory within the GW
approximation and Bethe-Salpeter equation (BSE) approach for calculating the
electronic structure and optical excitations of seven members of this important
family of light harvesting pigments. We compare our calculations with results
from time-dependent density functional theory, multireference RASPT2 and ex-
perimental literature results. We find that optical excitations calculated with
GW+BSE are in excellent agreement with experimental data, with an average
deviation of less than 100 meV for the first three bright excitations of the entire
family of (Bacterio)chlorophylls. Contrary to state-of-the-art TDDFT with an
optimally-tuned range-separated hybrid functional, this accuracy is achieved in
a parameter-free approach. Moreover, GW+BSE predicts the energy differences
between the low-energy excitations correctly, and eliminates spurious charge
transfer states that TDDFT with (semi)local approximations is known to pro-
duce.

082.6 Wed13:30 P
microscopic modeling of rare-earth perovskite properties — eALIREZA
SASANI', JORGE INIGUEZ>", and ERIC BOUSQUET' — 1Physique Théorique des
Matériaux, QMAT, CESAM, Université de Liége, B-4000 Sart-Tilman, Bel-
gium — “MaterialsResearch and Technology Department, Luxembourg Insti-
tute of Science and Technology (LIST), 5 avenue des Hauts-Fourneaux, L-4362,
Esch/Alzette, Luxemburg — 3Department of Physics and Materials Science, Uni-
versity of Luxembourg, Rue du Brill 41, L-4422 Belvaux, Luxembourg

Rare earth perovskites(RFeO3,RCrO; and R a rare earth element) have been
studied for a long time due to having interesting magnetic behaviors,i.e mag-
netization reversal(Mr) and spin reorientation(SR). In this work, we shed some
more light onto the magnetic properties of the rare earth perovskites(RFeO’s)
by using density functional theory (DFT) to fit a microscopic Heisenberg model
that includes the superexchange and the DMI between both Fe-Fe and Fe-R in-
teractions. This model is used to do classical spin dynamics and it is employed as
a global general model where the different parameters are tuned to understand
their specific role in the (MR) and (SR) transitions. The results are also com-
pared with analytical solutions to confirm the consistency of the spin dynamics
solutions. Our works allow to explain the origin of the SR by determining the
important parameters for the SR temperature interval and how the R magnetism
is affected while it is in its paramagnetic regime. Our study also allows to fully
understand the exact microscopic origin of the MR.

0827 Wed13:30 P
Ab initio phonon self-energies and fluctuation diagnostics of phonon anoma-
lies: Lattice instabilities from Dirac pseudospin physics in transition metal
dichalcogenides — «JAN BERGESI, ERIK VAN LOON", ARNE SCHOBERTI, MALTE
ROsNER?, and TiM WEHLING' — !Universitit Bremen, Germany — *Radboud
Universiteit Nijmegen, The Netherlands
We present an ab initio approach for the calculation of phonon self-energies
and their fluctuation diagnostics, which allows us to identify the electronic
processes behind phonon anomalies. Application to the transition-metal-
dichalcogenide monolayer TaS, reveals that coupling between the longitudinal—
acoustic phonons and the electrons from an isolated low-energy metallic band
is entirely responsible for phonon anomalies such as the mode softening and as-
sociated charge-density waves observed in this material. Our analysis allows us
to distinguish between different mode-softening mechanisms including matrix-
element effects, Fermi-surface nesting, and Van Hove scenarios. We find that
matrix-element effects originating from a peculiar type of Dirac pseudospin
textures control the charge-density-wave physics in TaS, and similar transition
metal dichalcogenides.
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0831 Wed13:30 P
Dipole model for far-field thermal emission of a nanoparticle above a planar
substrate — «FLORIAN HERZ and SVEND-AGE BIEHS — Institut fiir Physik, Carl
von Ossietzky Universitit, D-26111 Oldenburg, Germany
I will present our latest efforts in developing a dipole model describing the ther-
mal far-field radiation of a nanoparticle close to a substrate. The nanoparticle
serves as a first approximation for the cantilever tip usually used in infrared near-
field thermal imaging experiments [1-3].

We generalized existing approaches by including the possibility to have differ-
ent temperatures for substrate, nanoparticle, and background to cover setups like
the thermal radiation scanning tunnelling microscope (TRSTM) [1], the thermal
infrared near-field spectroscopy (TINS) [2], and the scanning noise microscope
(SNoiM) [3]. Apart from the induced electric dipole moment, we also considered
eddy currents being particularly important for metallic particles. Furthermore,
instead of neglecting divergent terms of the Green’s function appearing in the
dipole model, we carry out a renormalization procedure.

I will explain how we methodically incorporated these generalizations and dis-
cuss how they affect the numerical simulations. Additionally, I will discuss the
impact of parameters like particle size and emission angle as well as the distance
dependence for all four combinations of the materials gold and SiC for nanopar-
ticle and substrate.

1Y. De Wilde et al., Nature 444, 740 (2006)

2 A. C. Jones and M. B. Raschke, Nano. Lett. 12, 1475 (2012)

3 Q. Weng et al., Science 360, 775 (2018)

0832 Wed13:30 P
Nanoimaging of vibrational strong coupling between propagating phonon
polaritons and organic molecules — <A BYLINKINI’Z, M SCHNELL', M
AUTOREI, F CALAVALLEI, P L11, J TABOADA-GUTIERREZS, S LIU4, ] EDGAR4,
F CASANOVAI, L HUESOI, P GONZALEZ3, A NIKITINZ, and R HILLENBRAND'
— !CIC nanoGUNE BRTA, Spain — 2DIPC, Spain — > Universidad de Oviedo,
Spain — “Kansas State University Manhattan, USA
Enhanced light-matter interaction in polar crystals attracts considerable atten-
tion since the latter support phonon polaritons (PPs) - hybrid electromagnetic
modes involving atomic vibrations. PPs in the thin slab of van de Waals materi-
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als (vdW) demonstrate long lifetime and ultra-high field confinement which can
lead to intriguing vibrational strong coupling (VSC) phenomena and potential
sensing applications. Recently VSC between h-BN nano-resonators and molec-
ular vibration has been demonstrated. However, the basic interaction between
molecular vibrations and propagating PPs in unstructured slabs of the vdW ma-
terials has not yet studied. In this work, we use nanoimaging techniques to study
the interaction between propagating h-BN PPs and organic molecular vibrations.
We performed near-field polariton interferometry, showing that VSCleads to the
formation of a hybrid mode with a pronounced anti-crossing region in its dis-
persion. Our work shows the fundamental study of the strong-coupling between
molecular vibration and propagating PPs.

0833 Wed13:30 P
Nonlocal response of polar dielectric systems — CHRISTOPHER GUBBIN and
«SIMONE DE LIBERATO — School of Physics and Astronomy, University of
Southampton, Southampton, United Kingdom
Surface phonon polaritons hosted in polar nanostructures are fast becom-
ing a leading platform for mid-infrared nanophotonics, permitting deep sub-
diffraction energy localisation in comparatively low-loss modes. Recent experi-
ments have demonstrated that as polar resonators approach the nanoscale their
optical response diverges from that predicted using a local dielectric model [1,
2]. Although this divergence can be explained by microscopic ab-initio methods
it is impractical to apply these intensive calculations to optical systems. To solve
this issue we develop a nonlocal dielectric theory which captures the essence of
the material response by accounting for propagating phonon modes in the di-
electric. Unlike in plasmonic nonlocality these modes can propagate into the
host medium, yielding a discrete spectrum and unique phenomenology. In this
talk I outline our theory [3], its applications to nanoscale polar resonators [4] and
superlattices [5], and finally discuss some of the predicted features, including the
impact on the resonator spectral response and quality factor.

[1] D. C. Ratchford et al., ACS Nano 13, 6730 (2019).

2] C. R. Gubbin et al., Nat. Comm. 10, 1682 (2019).
3] C. R. Gubbin et al., Phys. Rev. X 10, 021027 (2020).
4] C. R. Gubbin et al., Phys. Rev. B 102, 201302(R) (2020)
]

[
[
[
[5] C. R. Gubbin et al., Phys. Rev. B 102, 235301 (2020)
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Plenary Talk 084.1 Wed15:30 RI1
Surface structure by way of machine learning — «Bjork HAMMER — Aarhus
University, Denmark

Atomistic simulations of the physico-chemical processes at inorganic surfaces of-
ten require knowledge of the energetically most optimal state of the surfaces. In
this talk, examples are given of intricate surface reconstructions and surprising
shapes assumed by metal nano-particles supported on oxide surfaces. The focus
of the talk will be on how to identify such optimal structure given a costly to-
tal energy method as implemented in an electronic structure program, typically
a density functional theory program (DFT). A number of approaches will be

Location: R1

presented. i) A purely evolutionary approach[1] in which new structural can-
didates are created by random cross-over and mutation operations, ii) a machine
learned-enhanced evolutionary approach[2,3] in which an on-the-fly learned
surrogate energy landscape directs the candidate production, and finally iii) a
reinforcement learning approach([4] in which image recognition via a convo-
lutional neural network is used to build up rational knowledge about the energy
landscape, that eventually leads to the construction of globally optimal structure.

[1] Phys. Rev. Lett. 108, 126101 (2012).

[2] Phys. Rev. Lett. 124, 086102 (2020).

[3] https://gofee.au.dk

[4] Phys. Rev. B, 102, 075427 (2020).

0 85: Key Note VI

Time: Thursday 10:00-10:30

Plenary Talk 085.1 Thul10:00 RI1
On-surface reactions and molecular charge-state transitions by atom manip-
ulation — KATHARINA KAISER, SHADI FATAYER, FLORIAN ALBRECHT, and sLEO
Gross — IBM Research - Zurich

Molecules can be created using atom manipulation to break and to form co-
valent bonds. High-resolution atomic force microscopy (AFM) with functional-
ized tips provides insights into the structure, geometry, aromaticity, charge states
and bond-order relations of the molecules created and into the reactions per-
formed [1]. Recently, we generated the elusive molecular carbon allotrope cy-
clo[18]carbon and resolved its long debated structure [2].

Location: R1

On insulating substrates, we control the charge state of molecules by deliber-
ately attaching and detaching single electrons and measured the reorganization
energy of a molecule [3] and recently probed molecular excited states [4]. More-
over, we resolved changes of molecular geometry, adsorption and aromaticity
related to its oxidation state [5].

References [1] L. Gross et al. Angew. Chem Int. Ed 57, 3888 (2018). [2] K.
Kaiser et al. Science 365, 1299 (2019). [3] S. Fatayer et al. Nature Nanotechnol.
13, 376 (2018). [4] S. Fatayer et al. arXiv:2011.09870 (2020). [5] S. Fatayer et al.
Science 365, 142 (2019).

0 86: Mini-Symposium: Machine learning applications in surface science Il

Time: Thursday 10:30-12:30

Invited Talk 086.1 Thul0:30 RI1
Machine learning for robotic nanofabrication with molecules — «CHRISTIAN
WAGNER — Peter Griinberg Institut (PGI-3), Forschungszentrum Jiilich, Ger-
many — JARA Fundamentals of Future Information Technology, Jiilich, Ger-
many

The ability to handle single molecules as effectively as macroscopic building-
blocks would enable the construction of complex supramolecular structures
that are not accessible by self-assembly. A central difficulty on the way to-
wards this technology is the uncontrolled variability and poor observability of
atomic-scale conformations, especially during the manipulation process. We
present a generic strategy to overcome both obstacles, and demonstrate au-
tonomous robotic nanofabrication with single molecules using reinforcement
learning (RL). Quite generally, RL is able to learn strategies even in the face of
large uncertainty and with sparse feedback. Indeed, RL based prediction models
recently exceeded human performance in several games. However, to be use-
ful for nanorobotics, standard RL algorithms must be adapted to also cope with
the limited training opportunities that are available there. We demonstrate our
correspondingly enhanced RL approach by applying it to an exemplary task of
subtractive manufacturing with a scanning probe microscope (SPM). Comple-
mentary to that we outline how machine learning and control theory methods in
combination with molecular simulations can be utilized to recover atomic-scale
conformations from the sparse experimental SPM data available during manip-
ulation.

Invited Talk 0862 Thull:00 RI1
Chemisorbed or Physisorbed? Resolving surface adsorption with Bayesian
inference and atomic force microscopy — «MiLica TopoROVI¢ — Department
of Applied Physics, Aalto University, P.O. Box 11100, Aalto 00076, Finland
The knowledge on structure, bonding and properties of organic adsorbates to
inorganic substrates underpins key technologies from catalysis through coatings
to optoelectronics. Atomic force microscopy (AFM) and ab initio simulations
are powerful tools for characterising molecular adsorption, but both struggle
with complex bulky adsorbates where lack of chemical intuition and inconclu-
sive imaging render the structure identification problematic. We address this
challenge with Bayesian Optimization Structure Search (BOSS), a computational
tool for global configurational structure search at surfaces and interfaces.

We employed BOSS to study the adsorption of (1S)-camphor on the Cu(111)
surface, where AFM experiments recorded an unusual variety of images. From a
single configurational search we retrieved 8 unique stable adsorbates. We discov-
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ered that camphor undergoes both covalent and dispersive binding to this sub-
strate. Matching our findings to experimental data allowed us to categorise the
AFM images into those associated with chemisorbed and physisorbed molecules.
By simulating AFM images of the chemisorbed model structures, we identified
three distinct adsorbates in the experimental images, further clarifying AFM
image interpretation. This study illustrates how machine learning applications
advance understanding in surface science by complementing both computation
and experiment.

086.3 Thull:30 Rl
Ab initio structure search of flexible molecules at interfaces — <DMITRII
Maxsimov'? and MARIANA Rosst»? — ! Fritz Haber Institute of the Max Planck
Society, Berlin, Germany — *Max Planck Institute for the Structure and Dynam-
ics of Matter, Hamburg, Germany
We investigate how the accessible conformational space of two flexible amino
acids, Arg and Arg-H*, changes upon adsorption, by building and analyzing a
database of thousands of structures optimized at Cu(111), Ag(111) and Au(111)
surfaces with the PBE functional including screened pairwise (vdW) interac-
tions. We employ an unsupervised dimensionality reduction procedure that en-
ables us to understand the alteration of the high-dimensional conformational
space [1]. The creation of this database, which is paramount to train further di-
verse machine-learning models, suffers from well-known bottleneck related to
the efficiency of the geometry optimizer. We introduce a flexible way of precon-
ditioning approximate Hessian matrices in the BFGS algorithm that is tailored to
accelerate the relaxation of vdW bonded structures that can handle large struc-
tural changes. An automated sampling of these systems is implemented within
a random structure search package [2] that can take explicitly into account the
flexibility of molecules, their position and orientation with respect to fixed sur-
roundings and interfaces.

[1] Maksimov et. al., Int. J. Quantum Chem., €26369 (2020)
[2] https://github.com/sabia-group/gensec

0864 Thulli45 RI1
Configurational polaron energies using machine learning — eVIKTOR
BIRSCHITZKY, MICHELE RETICCIOLI, and CESARE FRANCHINI — University of
Vienna, Faculty of Physics
Polarons are quasiparticles formed by the coupling of excess charge carriers
with the phonon field. Polarons form preferentially at surfaces and have a wide
range of effects on the chemical and physical properties of the hosting material.!
First principles calculations of polarons conformational energies typically re-
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quire large supercells and long molecular dynamics (MD) simulations, making
the modeling of multipolaron system within reasonable timescales very challeng-
ing. Here, we propose a supervised machine learning scheme based on kernel-
regression to solve this problem by learning single polaron energies for the proto-
typical oxygen-defective rutile TiO,_,(110) surface, where each oxygen vacancy
provides two excess electrons. To achieve accurate predictions on an ab initio
MD database of polaronic energies” a descriptor has been developed, which em-
bodies the interactions between polarons with defects and other localized charge
carriers. Our results show that the proposed ML method is able to expand the
DFT database with energetically more favorable polaron configurations - im-
proving the convex hull construction - and that generalization at arbitrary po-
laron concentration and defect types is possible.

[1] C. Franchini et al., Polarons in Material, Nature Review Materials, (2021)

[2] M. Reticcioli et al., Formation and dynamics of small polarons on the rutile
TiO, surface, Physical Review B, (2018)

086.5 Thul2:00 Rl
Neural Network Analysis of Neutron and X-Ray Reflectivity Data: Pathologi-
cal Cases, Performance and Perspectives — ¢ ALESSANDRO GrEecO' , VLADIMIR
STAROSTIN', ALEXANDER HINDERHOFER', ALEXANDER GERLACH', MAXIMIL-
IAN SKODAZ, STEFAN KOWARIK® , and FRANK ScHREIBER' — !Institute of Ap-
plied Physics, University of Tiibingen, Germany — *Rutherford Appleton Lab,
ISIS Neutron and Muon Source, UK — *Department of Physical Chemistry, Uni-
versity of Graz, Austria
Neutron and X-ray reflectometry (NR and XRR) are powerful techniques to in-
vestigate the structural, morphological and even magnetic properties of solid
and liquid thin films. Having demonstrated the general applicability of neural
networks to analyze XRR and NR data before [1], this work discusses challenges
arising from certain pathological cases as well as performance issues and per-
spectives. These cases include a low signal to noise ratio, a high background
signal (e.g. from incoherent scattering), as well as a potential lack of a total reflec-

tion edge (TRE). We show that noise and background intensity pose no signifi-
cant problem as long as they do not affect the TRE. However, for curves without
strong features the prediction accuracy is diminished. Furthermore, we discuss
the effect of different scattering length density combinations on the prediction
accuracy. The results are demonstrated using simulated data of a single-layer
system.

[1] Greco et al., J. Appl. Cryst., 52, 1342 (2019)

086.6 Thul2:15 Rl
Materials genes of heterogeneous catalysis from clean experiments and Al
— eLucas FOPPAI’Z, Luca M. GHIRINGHELLII’Z, FRANK Rosow5K13, ROBERT
SCHLOEGL1’4, ANNETTE TRUNSCHKEI, and MarTHIiAs SCHEFFLER? — ! Fritz-
Haber-Institut der Max-Planck-Gesellschaft — *Humboldt-Universitit zu Berlin
— BASF SE — *Max-Planck-Institut fiir Chemische Energiekonversion
Heterogeneous catalysis is an example of a complex materials function, governed
by an intricate interplay of several processes, e.g. the dynamic re-structuring of
the catalyst material at reaction conditions and different surface chemical reac-
tions. Modelling the full catalytic progression via first-principles statistical me-
chanics is impractical, if not impossible. Instead, we show here how an artificial-
intelligence approach can be applied, even to an extremely small number of ma-
terials, to model catalysis and determine the key descriptive parameters (mate-
rials genes) reflecting the processes that trigger, facilitate, or hinder the catalyst
performance. We start from a consistent, unparalleled experimental set of ”clean
data”, containing nine vanadium-based oxidation catalysts which were carefully
synthesized, fully characterized, and tested according to standardized proto-
cols.[1] By applying the symbolic-regression SISSO approach,[2,3] we identify
correlations between the few most relevant materials properties and their reac-
tivity. This approach highlights the underlying physico-chemical processes, and
accelerates catalyst design. [1] A. Trunschke, et al., Top. Catal. 63, 1683 (2020).
[2] R. Ouyang et al., Phys. Rev. Mater. 2, 083802 (2018). [3] R. Ouyang et al., J.
Phys. Mater. 2, 024002 (2019).
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Paper discussion 087.1 Thul0:35 R2
In-Situ Thin Film Nanoscale Hydrogenography in Magnesium Plasmonics —
eHARALD GIESSEN, JULIAN KARST, FLORIAN STERL, HEIKO LINNENBANK, and
Mario HENTSCHEL — 4th Physics Institute and Research Center SCoPE, Uni-
versity of Stuttgart, Germany

Magnesium is an active plasmonic material that can switch from metallic to
dielectric optical properties when undergoing hydrogenation. We perform s-
SNOM phase contrast measurements to image the phase transition from Mg to
MgH2 on the nanometer scale. This reveals the diffusion mechanism of hydro-
gen in free-standing Mg thin films in nanoscopic detail.

Paper discussion with expert panel members
Prof. S.A. Maier (LMU Miinchen), Prof. P. Klarskov Pedersen (U Aarhus), Prof.
O. Mitrofanov (UCL London, UK) and Prof. J. Karst (U Stuttgart)

0872 Thull:30 R2
The Role of Polarization in Resonant s-SNOM — ¢FgLIX G. KAPsl, HAMED
AMINPOUR', SUsANNE C. KEHR', and Lukas M. ENG"* — 'Technische Univer-
sitdt Dresden, Germany — 2ct.qmat, Dresden-Wiirzburg Cluster of Excellence -
EXC 2147, Technische Uni- versitat Dresden, Germany
Scattering scanning near-field optical microscopy (s-SNOM) is known to be
highly polarization-dependent. Most commonly, p-polarized light is employed
to excite the tip-sample system with an electric field standing perpendicular to
the sample surface, with only a few works commenting on polarization control to
e.g. suppress unwanted far-field contributions [1] or local 3D vector field steer-
ing [2].

Here, we explore the fundamental role of polarization in s-SNOM by theoreti-
cally and experimentally controlling and analyzing the polarization of both inci-
dent and scattered light. Particularly, we compare our experimental findings ob-
tained at mid-infrared wavelengths to polarization-dependent simulations that
include the full near-field measuring setup [3]. One eye-catching outcome is,
that resonant sample excitation using s-polarized light (E-field parallel to the
sample surface) may achieve significant signal strengths and a polarization-
specific signature, enabling a novel route for nanoscale polarization-sensitive
surface characterization.

[1] M. Esslinger et al., Rev. Sci. Instrum. 83, 033704 (2012).

[2] K.-D. Park and M.B. Raschke, Nano Lett. 18, 2912 (2018).

[3] H. Aminpour et al., Opt. Express 28, 32329 (2020).
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087.3 Thulli45 R2
Vector Microscopy - Nonlinear Photoemission Microscopy Reveals Plas-
monic Fields — «DAvID ]ANOSCHKAI, PascaL DREHERI, YANNIK PAULI, Tim-
OTHY DAVIsl’2‘3, BETTINA FRANKZ, MiIcCHAEL HORN- VON HOEGENI, HARALD
GiEssEN?, and FRANK-J. MEYER zu HERINGDORE' — !Faculty of Physics, Uni-
versity of Duisburg-Essen, 47048 Duisburg, Germany. — 4th Physics Institute,
University of Stuttgart, 70569 Stuttgart, Germany. — >School of Physics, Uni-
versity of Melbourne, Parkville, Victoria 3010 Australia
Exploring the topology of electromagnetic near-fields is one of the central topics
in nano-optics. To investigate spatiotemporal details of the topology on a local
scale intrinsically requires knowledge of the time-dependent local electric field
vectors. While time-resolved photoemission microscopy (TR-PEEM) has been
established as an excellent tool to study the dynamics of nano-optical fields at
surfaces, the vectorial nature of the fields was not accessible so far.

Here, we present the new method of *vector microscopy’ as a local field vector
sensitive development of TR-PEEM. We use femtosecond laser pulses to excite
and probe surface plasmon polaritons (SPPs) in tailored nanostructures. Using
two different probe laser pulses of orthogonal polarization at the same pump-
probe delay enables us to extract the in-plane component of the SPP’s near-field.
The out-of-plane field component is reconstructed using Maxwell’s equations.
We apply the new vector microscopy method to complex topological SPP fields.
We demonstrate reconstruction of the electric and the magnetic field, and extract
the topological properties in time and space.

0874 Thul2:00 R2
Amplitude- and phase-resolved infrared nanoimaging and nanospectroscopy
of polaritons in liquid environment — «D1vya VIRMANI', ANDREI BYLINKIN',
IRENE DOLADOI, EL1 ]ANZENZ, JaMEs H. EDGARZ, and RAINER HILLENBRAND>*
— LCIC nanoGUNE BRTA, Donostia, Spain. — Kansas State University, Tim
Taylor Department of Chemical Engineering, Durland Hall, Manhattan,USA
— 3CIC nanoGUNE BRTA and Department of Electricity and Electronics,
UPV/EHU, Donostia, Spain. — *TKERBASQUE, Basque Foundation for Sci-
ence, Bilbao, Spain.
Polaritons are well known for their ability to focus light to deep subwavelength
sized spot allowing for highly sensitive analysis of bio(chemical) substances and
processes. Nanoimaging of the polaritons evanescent fields is critically impor-
tant for experimental mode identification and field confinement studies. In
this work, we describe two setups for scattering-type scanning near-field opti-
cal microscopy (s-SNOM) based polariton nanoimaging and spectroscopy in
liquid. We first demonstrate the mapping of near-field distribution of plas-
monic metal antennas in liquid with a normal-incidence mid-infrared s-SNOM
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setup. We then demonstrate our total internal reflection (TIR) setup for infrared
nanoimaging and nanospectroscopy of ultra-confined propagating phonon po-
laritons (PhPs) on h-BN flakes. Our work lays the foundation for s-SNOM based
polariton interferometry in liquid for future exploitation, for example, in-situ
studies of strong coupling between polaritons and molecular vibrations or chem-
ical reactions at the bare or functionalized surfaces of polaritonic materials.

0875 Thul2:15 R2
Tunable s-SNOM for nanoscale infrared optical measurement of elec-
tronic properties of bilayer graphene — «KONSTANTIN G. Wirth!, HEIKO
LINNENBANK””, TOBIAS STEINLEZ’?’, Luca BANSZERUS4, EIKE ICKING4,
CHRISTOPH STAMPFER4, HARALD Gressen>> , and THOMAS TAUBNER! —
Unstitute of Physics (IA), RWTH Aachen — 4th Physics Institute and Research
Center SCoPE, University of Stuttgart, 70569 Stuttgart — 3s1 Stuttgart Instru-
ments GmbH, 70771 Leinfelden-Echterdingen — *2nd Institute of Physics (IIA),

RWTH Aachen University, 52074 Aachen
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088.1 Thul0:30 P
Electron Stimulated Desorption of Vanadyl-Groups from Vanadium Oxide
Thin Films on Ru(0001) probed with STM — «P10TR IGOR WEMHOFF, YING
WANG, and Ni1kLAs NiL1us — Carl von Ossietzky University, Institute of Physics,
D-26111 Oldenburg,
Low-temperature STM is employed to study electron-stimulated desorption of
V=0 groups from a vanadium oxide film grown on Ru(0001). The film is built
of an ordered network of three, six and twelve membered V-O rings, the former
ones capped by upright vanadyls. These V=0 groups can be reproducibly des-
orbed by electron injection from the STM tip. From hundreds of experiments,
desorption rates are determined as a function of bias voltage and tunneling cur-
rent. The rates show a threshold behavior with +3.3 V and -2.6 V bias onsets, and
depend quadratically (cubically) on current for positive (negative) polarity. Ap-
parently, V=0 desorption is a multi-electron process that proceeds via resonant
tunneling into bonding (anti-bonding) resonances of the V=0 system followed
by vibrational ladder climbing in the binding potential. The involved electronic
states are identified in STM conductance spectra of the oxide surface.

0882 Thul0:30 P
Heterogeneous Adsorption and Local Ordering of Formic Acid on Magnetite
(111) — «MARCUS CREUTZBURGI’Z, Kar SELLSCHOPP3, STEFEFEN TOBERI’Z, VE-
DRAN VONKI, HESHMAT NOEII, GREGOR B. VONBUN—FELDBAUERS, and AN-
DREAS STIERLE™? — !DESY NanoLab, Deutsches Elektronen-Synchrotron,
Hamburg — “Fachbereich Physik, Universitit Hamburg — >Institut fiir
Keramische Hochleistungswerkstoffe, Technische Universitat Hamburg
Magnetite (Fe30,) is an important and diverse transition metal oxide with ap-
plications as a catalyst in various industrial processes such as the water-gas shift
reaction [1]. Formic acid (HCOOH), as the elementary carboxylic acid, is pro-
posed to occur as an intermediate during this reaction. In material science mag-
netite nanoparticles are linked by larger carboxylic acids to form supercrystals
with exceptional mechanical properties [2]. Thus, a detailed atomic understand-
ing of the interaction at the magnetite surface/carboxylic acid interface is vital.
In this contribution the adsorption of formic acid on the magnetite (111) sin-
gle crystal surface is studied under UHV conditions at room temperature. Our
FT-IRRA spectroscopy results and DFT calculations show dissociative adsorp-
tion of formic acid in quasi-bidentate and chelating geometries, the latter being
stabilized by the presence of tetrahedral iron vacancies at the surface. The lo-
cally observed (V3 x V/3) R30° superstructure by STM consists of formate in a
triangular arrangement, adsorbed predominantly in chelating geometry.
[1] M. Zhu et al., ACS Catal. 6, 722-732 (2016)
[2] A. Dreyer et al., Nat. Mater. 15, 522-528 (2016)

088.3 Thul0:30 P
Atomic-Scale Studies of Hydroformylation on Rh,/Fe;04(001) — +MANUEL
ULREICHI, ZDENEK IAKUBI, FLORIAN KRAUSHOFERI, MATTHIAS MEIERI’Z,
MicHAEL ScHMID', ULRIKE DIEBOLD', CESARE FRANCHINT?, and GARETH S.
ParkiNsoN' — lInstitute of Applied Physics, TU Wien, 1040 Vienna, Austria
— 2Center for Computational Materials Science, University of Vienna, 1090 Vi-
enna, Austria
Hydroformylation (alkene + CO + H, — aldehyde) is an important industrial re-
action typically performed in solution using highly-selective mononuclear com-
plexes. Recently, Rh-based “single-atom” catalysts (SACs) have been shown to
catalyze this reaction heterogeneously with similar levels of selectivity, suggest-
ing SAC can be a strategy to heterogenize problematic reactions. The main ad-
vantage of heterogeneous catalysis is easy separation of the catalyst from the
products. SAC is intended to unify this advantage with the high selectivity and
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The stacking and rotation of individual graphene layers changes its band struc-
ture, opening up new physical properties. Local probing of their electronic prop-
erties at the nanoscale is usually done by scanning tunneling microscopy, which
requires electrical contact. Optical measurements such as infrared absorption
or Raman spectroscopy, work for non-contacted and encapsulated samples, but
are limited in lateral resolution by diffraction to a few micrometer. Here we di-
rectly probe the electronic properties of bilayer graphene (BLG) using s-SNOM
measurements with a broadly tunable laser source over the energy range from
0.3 to 0.54 eV. We tune an OPO/OPA system around the interband resonance
of Bernal stacked BLG and extract amplitude and phase of the scattered light.
This enables us to retrieve and reconstruct the complex optical conductivity res-
onance in BLG around 0.39 eV with nanoscale resolution. Our technique opens
the door towards nanoscopic noncontact measurements of the electronic prop-
erties in complex hybrid 2D and van der Waals material systems.

Adsorption and reaction of small molecules |

Location: P

activity of homogeneous catalysis. In this talk, TPD and XPS are used to study
the coadsorption of ethylene and carbon monoxide on isolated Rh; adatoms on
Fe;04(001), a critical first step in the hydroformylation reaction. Our results
show that 2-fold coordinated Rh; adatoms on Fe;O,(001) are able to coadsorb
C,H, and CO, but 5-fold coordinated Rh; adatoms cannot. We conclude that
gaining control of the active site geometry is key to the development of highly-
selective single-atom catalysis.

0884 Thul0:30 P
Comparison of single Rh adatoms on «a-Fe,0;(1102) and TiO,(110) stabi-
lized by adsorbed water — *LENA HaAGER!, FLORIAN KRAUSHOFER!, MORITZ
EDERZ, ALl RAFSANIANI—ABBASIl, GiapA FRANCESCHI! , MICHELE RIVAI,
PANUKORN SOMBUTI, MARLENE ATZMUELLERl, MICHAEL SCHMIDl, CESARE
FRANCHINT!, ULRIKE DIEBOLD', and GARETH S. PARKINSON' — 'Institute of
Applied Physics, TU Wien, Vienna, Austria — >Chair of Physical Chemistry, TU
Miinchen, Germany — > University of Vienna, Vienna, Austria — *Universita di
Bologna, Bologna, Italy
Despite its high cost, rhodium is a widely applied catalyst primarily used in
nanoparticle form for converting toxic gases in automobiles. It is also utilized
in organometallic complexes, such as the Wilkinson catalyst, for the hydrogena-
tion of olefins and for converting alkenes to aldehydes through a process known
as hydroformylation. So-called “single-atom* catalysis offers an opportunity to
reduce the amount of Rh required for traditional heterogeneous catalysis, and a
path to heterogenize homogeneous reactions, with the advantage of easy sepa-
ration of catalyst and product.

Using STM, nc-AFM and XPS we compare the stability of Rh adatoms on
two different model supports: a-Fe,05(1102) and TiO,(110), both in UHV and
2 % 107® mbar of water. We show that the Rh adatoms on a-Fe,0;(1102) sin-
ter in UHV, but are stabilized by water up to 150 °C through coordination to 2-3
OH ligands. In contrast, Rh adatoms on TiO, (110) could not be stabilized above
room temperature in either environment.

088.5 Thul0:30 P
Unravelling CO Adsorption on Model Single-Atom Catalysts (SAC) — JaN
HULVAl, e MATTHIAS MEIERI’Z, ROLAND BLIEMI, ZDENEK IAKUBI, FLORIAN
KRAUSHOFERI, MICHAEL SCHMIDI, ULRIKE DIEBOLDl, CESARE FRANCHINIz’S,
and GarerH S. Parkinson! — !Institute of Applied Physics, TU Wien, Vi-
enna, Austria — “Computational Materials Physics, University of Vienna, Vi-
enna, Austria — > Alma Mater Studiorum, Universit4 di Bologna, Bologna, Italy
The electronic structure of a surface atom is crucial when it comes to predict-
ing and understanding its binding to adsorbates. This has been demonstrated in
depth on metal surfaces, where the d-band center of mass and d-band filling are
two of the main descriptors when its comes to defining the adsorption of small
molecules. We propose an extension of this model towards oxide surfaces and
SACs, based on a combination of density functional theory (DFT) and surface
sensitive techniques (Hulva et al, Science (in press)). The same rules regarding
the electronic structure of the binding atom apply and govern the adsorption
energies. But additionally, the exact local environment, affecting the electronic
states, also leads to two particular deviations. Firstly, if the surface atom is satu-
rated in ligands, no matter the electronic structure, the atom will bind CO poorly,
and therefore the metal will be almost inert. On the other hand, if the coordi-
nation of the metal atom at the surface is low and the CO adsorption geometry
is not ideal, CO-induced relaxations occur. This can lead to strong offsets with
respect to the adsorption energy estimated by the electronic structure alone.
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088.6 Thul0:30 P
Rapid surface oxygen exchange at the hematite-water interface — ZDENEK
]AKUBl, MATTHIAS MEIERI, FLORIAN KRAUSHOFERI‘Z, JaN BALAIKAI, JIrI
PAVELECI, MICHAEL SCHMIDI, CESARE FRANCH1N12’3, ULRIKE DIEBOLDI, and
*GARETH S. PARKINSON' — 'TU Wien, Vienna, Austria — 2University of Vi-
enna, Vienna, Austria — > Universita di Bologna, Bologna, Italy
It seems natural to assume that low-index surfaces of insoluble minerals do not
exchange atoms with their surroundings. Here, we will show using surface sci-
ence techniques that all oxygen atoms on the *r-cut* (1-102) surface are ex-
changed with oxygen from surrounding water vapour within minutes at temper-
atures below 70°C, even though the structure remains intact. Density functional
theory computations suggest the oxygen exchange occurs during on-surface dif-
fusion, and that cooperative stabilization of an HO-HOH-OH complex com-
pensates the cost of the lattice oxygen extraction. Such a rapid oxygen exchange
mechanism affects the isotope composition in the near-surface region, and the
knowledge of the mineral-liquid interface dynamics is relevant for many fields
ranging from hydrogen production to paleoclimatology.

088.7 Thul0:30 P
Real-time Dynamics During TiO, Photocatalysis *MICHAEL
WAGSTAFFE" , LUKAS WENTHAUSI’Z, ADRIAN DOMINGUEZ—CASTROa, THOMAS
FrRAUENHEIM>H? ,  ADRIEL DOMINGUEZ> ,  ANGEL RUBIOZ’S, ‘WILFRIED
WurtH">’, ANDREAS STIERLE", and HEsamaT Nokr' — 'DESY, 22607,
Hamburg, Germany — 2CFEL, 22761, Hamburg, Germany — 3BCCMS, 28359,
Bremen, Germany — *CSAR, 518110, Shenzhen, China — >CSRC, 100193,
Beijing, China — SMPI for the Structure and Dynamics of Matter, 22761, Ham-
burg, Germany — ' Fachbereich Physik Universitit Hamburg, 20355, Hamburg,
Germany
Studies of photocatalytic reactions on TiO, are instrumental to the development
of technology used for self-cleaning surfaces and for air and water purification.
We utilize femtosecond X-ray laser pulses synchronized with an optical laser to
directly follow the reaction dynamics of the photooxidation of CO on the anatase
TiO,(101) surface. Our time-resolved soft X-ray photoemission spectroscopy

results, combined with theoretical calculations, allow us to elucidate the mech-
anism of oxygen activation and provides evidence of ultrafast timescales. The
reaction takes place between 1.2 - 2.8 (+ 0.2) ps after irradiation with an ultra-
short laser pulse, resulting in CO,. No intermediate species were observed on
a picosecond time scale. Theoretical calculations predict that the reaction can
be initiated following the formation an O,-TiO, charge-transfer complex. This
allows the reaction to take place following laser illumination at a photon energy
of 1.6 eV (770 nm), following the direct transfer of electrons from TiO, to ph-
ysisorbed O,.

088.8 Thul0:30 P
Interaction of formic acid with magnetite surfaces - the DFT perspective
— eKar SeLLscHOPP', MARCUS CREUTZBURG>, BJORN ARNDT>?, HESH-
MAT NOEIZ, ANDREAS STIERLE>® , STEFAN Mi'JLLERl, and GREGOR VONBUN-
FELDBAUER' — !Institute of Advanced Ceramics, Hamburg University of Tech-
nology — *DESY NanoLab, Deutsches Elektronen-Synchrotron, Hamburg —
3Fachbereich Physik, Universitit Hamburg
Formic acid (HCOOH) molecules are present in atmospheric conditions and
furthermore, can be seen as the smallest representative of the carboxylic acid
family. Magnetite (Fe;O,) nanoparticles are utilized in various applications,
such as waste water treatment, single-atom catalysis or hybrid materials. There-
fore, studying the interaction of formic acid with the major facets of magnetite
nanoparticles, namely the {111} and {001} facets, is highly interesting for im-
proving their performance. Here, we present results on the adsorption of formic
acid on both magnetite (111) and (001) studied through Density Functional The-
ory (DFT) calculations. In agreement with surface science experiments, the for-
mation of a (V3 x V3)R30° superstructure and two different binding modes, a
quasi-bidentate and a chelating mode, are found on the (111) surface, and the
observed restructuring of the (001) surface is explained. In all studied cases, the
dissociation of formic acid into formate and hydrogen is energetically favourable.
Calculated surface phase diagrams give further insights in the processes involved
under experimental conditions and indicate a stabilisation of iron vacancies on
the (111) surface upon formic acid dissociation.

0 89: Poster Session VII: Organic molecules on inorganic substrates: electronic, optical and other
properties Il
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089.1 Thul0:30 P

Single-molecule rotation and translation — ¢GRANT J. SIMPSONI, SAMUEL
HAIEKl, VicTor GARCfA-LéPEZZ, A. DANIEL BOESEl, JAMES TOURZ, and LEON-
HARD GRILL' — 1University of Graz, Graz, Austria — “Rice University, Houston,
TX, USA
Control of the orientation and the rotation direction of a single molecule is cru-
cial to the understanding of molecular machines. In turn, the rotational orien-
tation of a molecule can affect the efficiency of translation in a particular direc-
tion. Here, we report how single dipolar nanocar-type molecules adsorbed on a
Ag(111) surface can be rotated with 100% directionality using the electric field
of a scanning tunnelling microscope [1]. This high control relies on a specific in-
teraction of the molecule with a silver surface atom and can be disrupted either
by introducing a further adatom or by changing the chemical structure of the
molecule. The influence of chemical modification on the nanocar-surface inter-
action is also explored on different noble metal surfaces in view of the upcoming
nanocar race in early 2022.

[1] Simpson, G.J., Garcia-Lépez, V., Boese, A.D., Tour, J., Grill, L., Nat. Com-
mun., 10, 4631 (2019)

089.2 Thul0:30 P
Molecular orientation and phase transitions of DHTAP on Cu(110) —
+CLAUDIA LOPEZ-PosaDAs!, MICHAEL GYOROK', ANTONY THOMAS?, THOMAS
LEONIZ, OLIVIER SIRIZ, CONRAD BECKERZ, and PETER ZEPPENFELD' —
!Institute of Experimental Physics, Johannes Kepler University Linz, Altenberger
Str. 69, A-4040 Linz, Austria — 2Aix-Marseille University, CNRS, CINaM, UMR
7325, F-13288 Marseille, France
The structure and orientation of 5,14-dihydro-5,7,12,14-tetraazapentacene
(DHTAP) layers deposited on Cu(110) was studied using reflectance difference
spectroscopy (RDS), Scanning Tunneling Microscopy (STM) and Low Energy
Electron Diffraction (LEED). The evolution of the RDS signal allows to identify
the sequential formation of up to three monolayers as well as a phase transition
upon completion of the first one. DHTAP molecules in the first monolayer are
always lying flat with their long molecular axis aligned parallel to the [-110]-
direction of the Cu(110) surface. However, for subsequent layers the orienta-
tion critically depends on the deposition temperature T. At T=240K the DHTAP
molecules are mostly aligned parallel to the ones in the first layer, whereas at
room temperature and above their preferential orientation is along the [001]-
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direction, i.e.,orthogonal to the molecules in the first layer. Finally, the main
optical transitions and the orientation of the transition dipole moments of the
DHTAP layers were extracted from the RDS spectra and compared with recent
theoretical investigations on individual DHTAP molecules.

0893 Thul0:30 P
Exciton-trion dynamics of a single molecule probed by Radio-frequency
STM-induced luminescence — JIRf DOLEiALl’Z, Sor1A CANOLA , *PABLO
MeriNo>*, and MarTIN Svec'™ — !Institute of Physics, Czech Academy of
Sciences, Cukrovarnicka 10/112, CZ16200 Praha 6, Czech Republic — 2Faculty
of Mathematics and Physics, Charles University, Ke Karlovu 3, CZ12116 Praha
2, Czech Republic — 3Instituto de Ciencia de Materiales de Madrid, CSIC, Sor
Juana Inés de la Cruz 3, E28049 Madrid, Spain — *Instituto de Fisica Fundamen-
tal, CSIC, Serrano 121, E28006 Madrid, Spain — 5Regional Centre of Advanced
Technologies and Materials, Slechtiteltt 27, CZ78371 Olomouc, Czech Republic
Combination of radio-frequency (RF) modulated bias and photon detection
overcomes the microsecond time resolution limit of transimpedance amplifiers
in conventional STM. Here, we report two novel tip-enhanced optical methods:
for calibration of RF transmission by detecting the energy of the plasmon edge
and for measuring time evolution of fluorescent systems by phase shift of the RF
signal. The RF phase-shift method corrected for amplitude transmission is ap-
plied to Zinc Phthalocyanine (ZnPc) molecules on NaCl/Ag(111). We generate
excitons and trions in ZnPc, determine their dynamics and trace the evolution
of the system in the picosecond range. In addition, we explore dependence of
effective lifetimes on bias voltage, propose a conversion mechanism from neu-
tral excitons to trions via charge capture and perform a stochastic simulation to
corroborate the experimental results.

0894 Thul0:30 P
Excited state dynamics of terrylene — eBouBACAR TANDA Bonkano'?,
SAMUEL PaLATO "%, SERGEY KOVALENKO', LUKAS GIERSTER"2, BJOERN KOBIN',
STEFAN HEcHT"?, and JuLiA StaEHLER"? — !Institut fiir Chemie, Humboldt-
Universitit zu Berlin — *Fritz-Haber-Institut der MPG, Berlin — >Leibniz-
Institut fiir Interaktive Materialien, RWTH Aachen
In hybrid solar cells, the separation of the electron-hole pairs after photogener-
ation is a key aspect of the light harvesting functionality. This requires, in hy-
brid inorganic/organic systems, the use of molecules that have excited states with
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sufficiently long lifetime to allow charge separation. In order to investigate ter-
rylene molecules, we performed two types of time-resolved spectroscopy, time-
correlated single photon counting (TCSPC) and broadband transient absorption
(TA) using a white light continuum probe. The steady state absorption and emis-
sion spectra of terrylene monomers in solution show mirrored lineshapes. Both
the TCSPC and TA consistently show a decay of 3.7 ns for the excited state S;.
Thin terrylene film shows absorption bands strongly (> 0.5 eV) blue-shifted due
to H-aggregation. Photoexcitation of the H-aggregate leads to the formation of
an induced absorption band at 2.3 eV, indicating the presence of transient terry-
lene monomers. A phenomenological fit model allows for the disentanglement
of the participating elementary processes. The determination of the relaxation
pathways is challenging but yet necessary for a better understanding and control
of terrylene-based systems, beneficial for applications.

089.5 Thul0:30 P
On-surface synthesis of porphyrin tetramers — «<EDUARDO CORRAL-RASCON',
ALEXANDER Riss!, PINGO MuTomBO?, ADAM MATE?, YANG Bao', PAVEL
JeLINEK?, and WILLI AUWARTER! — ! Physics Department E20, Technical Uni-
versity Munich, Germany — Institute of Physics, Academy of Sciences of the
Czech Republic, Prague, Czech Republic
Covalently coupled porphyrins [1,2,3] hold great promise for molecular elec-
tronics, optoelectronics, gas sensing and light-harvesting. Furthermore, the elec-
tronic conjugation [4] might lead to antiaromatic behavior [3] and additionally
offers ways to fabricate spin-coupled nanoarchitectures via introduction of metal
centers into the porphyrin cores. Here we present the synthesis of Ag(100)-
supported porphyrin tetramers that possess a cyclooctatetraene (COT) moiety
at their center. Bond-resolved atomic force microscopy (AFM) and scanning
tunneling microscopy (STM) supported by density functional theory (DFT) cal-
culations were used to characterize the coupling and the emerging electronic
properties. In particular we compared the apparent bond lengths and electronic
states of Zn-metalated and different tautomers of base-free tetramers.

[1] Wiengarten, A. et al. J. Am. Chem. Soc. 2014, 136, 26, 934.

[2] Bischoff, A. et al. Angew. Chem. 2018, 130, 16262.
[3] Nakamura, Y. et al. J. Am. Chem. Soc. 2006, 128, 4119.
[4] Fatayer, S. et al. Science 2019, 6449, 365, 142.

089.6 Thul0:30 P
Nuts and bolts of core-hole constraint based ab-initio simulations for K-
shell x-ray photoemission and absorption spectra — sBENEDIKT P. KLEIN",
SaMUEL J. HarL!, and REINHARD J. MAURER' — 1Department of Chemistry,
University of Warwick, Coventry, United Kingdom — ?Diamond Light Source,

Didcot, United Kingdom

X-ray Photoemission (XPS) and Near Edge X-ray Absorption Fine Structure
(NEXAFS) spectroscopy are important tools used to study the electronic struc-
ture of materials and surfaces. Here, ab-initio simulations can help with the inter-
pretation of complex spectra consisting of overlapping signatures. Approximate
core-hole constraint based simulation methods using Density Functional Theory
(DFT) such as the Delta-Self-Consistent-Field (ASCF) method or the transition
potential (TP) method are widely employed to predict the K-shell XPS and NEX-
AFS spectra for a wide range of systems at reliable accuracy and affordable com-
putational cost. We present our variants of both the ASCF and the TP method
(coined AIP-TP) by applying them to exemplary molecules in the gas-phase, in
molecular crystals, and at metal-organic interfaces. Thereby we systematically
assess how practical simulation choices affect the stability and accuracy of the
calculated transitions, which we compare to experimental data. The investigated
choices include the exchange-correlation functional, the basis set, the method
of core-hole localization, and the use of periodic boundary conditions. For the
benefit of practitioners in the field, we discuss sensible default choices and limi-
tations of the methods.

089.7 Thul0:30 P
Atomic band structure of occupied and unoccupied states of Cy, multilayer
films — eRALF HEMM, FLORIAN HAAG, NORMAN HAAG, MARTIN MITKOV,
SEBASTIAN EMMERICH, MARTIN AESCHLIMANN, and BENJAMIN STADTMULLER
— University of Kaiserslautern (TUK) and research center OPTIMAS, Erwin-
Schroedinger-Str. 46, 67663 Kaiserslautern, Germany
The implementation of molecular materials in everyday technology is hindered
by their poor charge carrier mobility that is rooted in the strong localization
of the molecular valence states on single molecular sites. Only in rare cases,
strongly dispersive bands have been observed in these materials. Here, we focus
on such an exceptional case and study the band structure of Cg, multilayers on
Ag(111) and Cu(111). Using momentum microscopy, we find strongly dispersive
valence bands with complex momentum-dependent photoemission patterns that
point to the formation of an atomic crystal-like band structure in Cg thin films
[1]. Interestingly, these strongly dispersing states in Cy, are not limited to the
valence band structure, but also extend to the unoccupied band structure above
the vacuum level [2]. These states above the vacuum energy are of particular
interest since they are typical final states of the photoemission processes. Hence,
their momentum distribution has to be taken into account when extracting the
band dispersion of occupied and excited states in a (inverse) photoemission ex-
periment of molecular films on surfaces.

[1] N. Haag et al. Phys. Rev. B 101, 165422 (2020)
[2] J. H. Weaver et al., Phys. Rev. Lett. 66, 1741 (1991)
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090.1 Thul0:30 P
Hierarchically Structured Janus Membrane Surfaces for Enhanced Mem-
brane Distillation Performance — NIckK CHEWI’Z, YujuN ZHANGZ, KunNL1
Gon?, Jia SHIN Ho?, RoNG Xu?, and RonG WanG? — !University of North
Carolina at Chapel Hill, Chapel Hill, USA — 2Nanyang Technological Univer-
sity, Singapore, Singapore
Commercial hydrophobic poly(vinylidene fluoride) (PVDF) membranes are vul-
nerable to membrane fouling and pore wetting, hampering the use of mem-
brane distillation (MD) for the treatment of surfactant- and oil-containing feed
streams. To address these challenges, we designed novel Janus membranes
with multilevel roughness. Specifically, fouling- and wetting-resistant Janus MD
membranes with hierarchically structured surfaces were tailored via oxidant-
induced dopamine polymerization followed by in-situ immobilization of sil-
ver nanoparticles (AgNPs) on commercial PVDF hollow fiber substrates. These
membranes demonstrated outstanding anti-fouling properties and salt-rejection
performances in comparison to membranes with single-level structures. We as-
cribed their excellent performance to the coupled effects of improved surface hy-
drophilicity and self-healing mechanism brought about by AgNPs. Furthermore,
the newly engineered membranes exhibited antibacterial properties in Bacillus
acidicola solutions as evidenced by clear inhibition zones observed on a confocal
laser scanning microscope. The development of hierarchically structured Janus
MD membranes with multilevel roughness paves a way to mitigating membrane
fouling and pore wetting caused by low-surface-tension feed streams in the MD
process.

090.2 Thul0:30 P
Dehydrogenation Reactions of O-Heterocyclic LOHC Molecules — «FELIX
HEMAUER, PHILIPP BACHMANN, FABIAN DULL, JOHANN STEINHAUER, HANS-
PETER STEINRUCK, and CHRISTIAN Papp — Friedrich-Alexander-Universitit,
Erlangen, Germany
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With the dwindling of fossil fuels and the alarming progression of global warm-
ing, the ecological and social demand for cleaner and more sustainable energy
sources has never been as high. As renewable sources, such as wind and solar
power, give no continuous and constant power output, hydrogen is a promising
candidate for the chemical storage of energy. The concept of Liquid Organic Hy-
drogen Carriers (LOHCs) avoids unfavorable handling of elemental hydrogen.

Heterocyclic LOHC molecules display advantageous thermodynamic prop-
erties regarding their heat of dehydrogenation. Consequently, several N-
heterocycles have been successfully investigated, e.g. the indole-based systems
and their derivatives.

In order to investigate the feasibility of O-heterocyclic compounds as possi-
ble LOHCs, synchrotron radiation-based high resolution X-ray photoelectron
spectroscopy and temperature-programmed desorption measurements of furan
and benzofuran were performed on Pt(111) under UHV conditions. By applying
heating ramps after the adsorption experiment, the respective dehydrogenation
and decomposition reactions are monitored via evaluation of the characteristic
spectra. This allows for fundamental insights into the reactivity and stability and
helps assessing the viability of the compound class as LOHC.

090.3 Thul0:30 P
Intramolecular Coupling of Terminal Alkynes by Atom Manipulation —
«FLORIAN ALBRECHTI, DuLce REYZ, SHADI FATAYERl, FABIAN SCHULZI, Do-
LOREZ PEREZ?, DiEGo PENAZ, and LEO Gross' — 'IBM Research - Zurich,
Switzerland — *CiQUS and Departamento de Quimica Organica Universidade
de Santiago de Compostela, Spain
Performing chemical reactions in a scanning probe microscope offers ultimate
control over the reaction. The characterization of both, reactant and product,
can be performed. Functionalizing the tip of an AFM enables elucidation of
molecular geometries down to the atomic level [1] and performing the reaction
on ultra-thin insulating films decouples the molecules sufficiently to characterize
their electronic structure [2].
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Here, we show a Glaser-like coupling reaction of terminal alkynes within indi-
vidual molecules. Voltage pulses from the tip initiate the reaction and geometric
as well as electronic structure of reactant and product are characterized on bi-
layer NaCl on Cu(111). The observation of partially dehydrogenated reaction
intermediates provides insight into the reaction pathway [3].

References: [1] L. Gross, et al. Science 325, 1110 (2009) [2] J. Repp, et al. Phys.
Rev. Lett. 94, 026803 (2005) [3] F. Albrecht, et al. Angew. Chem. Int. Ed. 59,
22989 (2020)

0904 Thul0:30 P
Temperature-dependent decomposition reactions of oxygen-containing
LOHC contaminants on Pt(111) — ¢VALENTIN SCHWAAB, JOHANN STEIN-
HAUER, FELIX HEMAUER, EVA MARIE FREIBERGER, NATALIE WALESKA, CHRIS-
TIAN Papp, and HANS-PETER STEINRUCK — Friedrich-Alexander-Universitit,
Erlangen, Germany
Liquid organic hydrogen carriers (LOHCs) represent an attractive way for en-
ergy storage and transportation utilizing reversible hydrogenation of an organic
compound. The system of dibenzyltoluene (HO-DBT) and perhydro dibenzyl-
toluene (H18-DBT) has been reported as promising candidate featuring suitable
physicochemical properties and a favorable toxicology. Technical HO-DBT, how-
ever, contains up to 1% of oxygenate impurities, which might negatively affect
the quality of the released H, gas from the hydrogenated molecule.

To gain insight in the surface reaction of these oxygenates, we investigated
several model compounds on Pt(111) using high-resolution temperature-
programmed X-ray photoelectron spectroscopy (HR-TPXPS). Diphenyl-
methanol, benzophenone and dicyclohexylmethanol are found to undergo C-O
bond cleavage at the methylene bridge around 350 K, leading to an oxygen-free
carbon fragment and adsorbed atomic oxygen. By contrast, dicyclohexylketone
shows C-C bond cleavage and the formation of carbon monoxide above 220 K.

CO represents a catalyst poison and is problematic for further applications of
the released H, gas. A possible solution might be pre-purification of industrially
produced HO-DBT.

090.5 Thul0:30 P
On-surface synthesis of graphene nanoribbons on the superconducting
Ag/Nb(110) substrate — «JuNG-CHING Liv', PuiLipp D’astoLro!, CARL

DRECHSELI, XUNSHAN LIUZ, SiLvio DECURTINSZ, SHI-XI1A LIUZ, REmMY
Pawrak!, and ErnsT MEYER' — !Department of Physics, University of Basel,
Klingelbergstrasse 82, Basel, CH 4056 — 2Department of Chemistry and Bio-
chemistry, University of Bern, Freiestrasse 3, Bern, CH 3012

Previously, Majorana bound states (MBS) realized in condensed matter sys-
tems were based on the interaction between 1D magnetism and s-wave
superconductivity[1-3]. To improve the structural diversity for studying MBS
braiding, we propose realizing MBSs in graphene sheets or nanoribbons (GNR)
through on-surface synthesis[4,5] on a superconducting substrate. Using DBBA
as monomers[4], GNR on-surface synthesis is completed via Ullmann polymer-
ization in ultra-high vacuum environment. As the surface reaction is limited
on noble metal surfaces, we grow Ag films on the superconducting Nb(110),
and introduce superconductivity to Ag by proximity[6]. Measuring with STM
and AFM at 4.7K, we confirm proximity-induced superconductivity on Ag with
thicknesses up to 5 ML, as well as successful GNR synthesis on the Ag/Nb sub-
strate. We believe our work paves the way to a new research field in graphene
topology. References: [1]S. Nadj-Perge et al. Science 2014, 346, 602-607 [2]M.
Ruby et al. Nano Lett. 2017, 17, 4473-4477 [3]R. Pawlak et al. Npj Quantum Inf.
2016, 2, 16035 [4]]. Cai et al. Nature 2010, 466, 470-473 [5]K. A. Simonov et al.
Nature 2018, 8, 3506 [6]T. Tomanic et al. Phys. Rev. B 2016, 94, 20503

090.6 Thul0:30 P
Impact of atomic hydrogen on decomposition reactions of SiO, layers
on Si(100): a LEEM study — eJoNAS DARIUS FORTMANN"?, GERHARD
LiLiENkaMP', and WiNeriED Daum’ — !Institute of Energy Research and Phys-
ical Technologies, TU Clausthal, Leibnizstrafle 4, 38678 Clausthal-Zellerfeld,
Germany — “Department for Physics, Experimental Physics, Universitit
Duisburg-Essen, Lotharstr. 1-21, 47057 Duisburg, Germany

Clean and well-ordered Si surfaces can be obtained by annealing Si wafers cov-
ered with a thin, protective layer of SiO, in UHV. Tromp et al. first showed that
the decomposition of thermally grown SiO, layers on Si(100) upon annealing
occurs in form of square-like voids appearing spontaneously or at defects [1].
Accordingly, diffusion of Si monomers from the voids to the reaction fronts and
their reaction with SiO, at the interface are crucial elements of the decomposi-
tion process. In this study, we used LEEM to investigate the impact of atomic hy-
drogen on decomposition reactions of thermally grown and native surface films
of §iO, on Si(100). For 10 nm thermal oxide, the presence of atomic hydrogen
leads to voids of highly irregular shape with crack-like extensions of the reac-
tion fronts into the surface oxide. Moreover, the growth rates of these voids at
900°C are much higher than those found in comparative experiments without
hydrogen. In contrast, atomic hydrogen reduces the growth rates of more circu-
lar voids in 2 nm native SiO, layers on Si(100) at 790°C. The different impact of
atomic hydrogen for native and thermal surface oxides will be discussed. [1] R.
Tromp et al., Phys. Rev. Lett. 55, 2332 (1985).

090.7 Thul0:30 P
Surface-controlled intramolecular radical addition versus C-H insertion to-
ward cyclodehydrogenation under mild conditions — *QIGANG ZHONG!,
DANIEL KOHRSZ, JANNIS ]UNG3, DANIEL EBELINGI, DOREEN MOLLENHAUERs,
HERMANN A. WEGNER?, and ANDRE SCHIRMEISEN' — 'Institute of Applied
Physics, Justus-Liebig University Giessen, Germany — *Institute of Organic
Chemistry, Justus-Liebig University Giessen, Germany — *Institute of Physical
Chemistry, Justus-Liebig University Giessen, Germany
Despite the ubiquitous existence of aryl radicals in surface reactions, the reactiv-
ity of surface-stabilized aryl radicals and its influence on the reaction pathways
to C-C coupling remain elusive. Here, we studied the debromination and cy-
clodehydrogenation of 1-bromo-8-phenylnaphthalene (BPN) on Cu(111) and
Ag(111) using bond-resolved scanning probe microscopy. Debromination of
BPN at room temperature generated a radical at the naphthyl group which en-
abled the subsequent cyclodehydrogenation to proceed at mild temperatures
(about 350 K on Cu and 420 K on Ag). The reaction temperature is lower on
Cu than Ag due to the higher activity of Cu. High-resolution imaging of the
cyclized intermediates revealed that radical addition to the phenyl ring trans-
formed the connected C(sp2)-H bond into an out-of-plane C(sp3)-H bond on
Cu(111), while the protruding hydrogen atom was shifted to the naphthyl group
on Ag(111), reminiscent of C-H insertion in solution. In combination with DFT
calculations, we rationalized the different routes to radical C-H activation by the
varied reactivity of the aryl radicals depending on the substrate materials.

090.8 Thul0:30 P
On-surface synthesis of diradical organic one-dimensional polymers —
«ANA SANCHEZ-GRANDEI, Jost L. URGELI, ALES CAHLsz, JosE SANTosl’3,
SHAYAN EDALATMANESHZ, KoEeN LAUWAETI, PiNGoO MUTOMBOZ, BRUNO DE
LA TORREZ, RopoLro MIRANDA1’4, OLIVER GRONING5, NAZARIO MARTfN1’3,
PAVEL JELINEK?, and Davip Ecya' — 'C/ Faraday 9, Campus de Cantoblanco.
28049 Madrid (Spain) — *Institute of Physics of the Czech Academy of Science,
6253 Praha (Czech Republic) — 31tad de Ciencias Quimicas, Universidad Com-
plutense de Madrid. 28040 Madrid (Spain) — *Departamento de Fisica de la
Materia Condensada, UniversidadAuténoma de Madrid, 28049 Madrid (Spain)
— SEmpa, Swiss Federal Laboratories for Materials Science and Technology 8600
Diibendorf (Switzerland)
In this work, we present the on-surface synthesis of one-dimensional polymers
based on cumulene-bridged peripentacene units on a bare Au(111) surface un-
der ultra-high-vacuum (UHV) conditions. The structural characterization of
the polymers has been realized via scanning tunneling microscopy (STM) and
confirmed by non-contact atomic force microscopy (nc-AFM). The electronic
characterization of polymers has been performed via scanning tunneling spec-
troscopy (STS) which, complemented by theoretical calculations, reveals that the
polymers present an experimental band gap of 0.8 eV and pure diradical char-
acter, exhibiting one unpaired spin at each end. We observe a transition from
an antiferromagnetic ground state for peripentacene dimers to a paramagnetic
ground state for trimers or longer polymers.
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Fast low-noise transimpedance amplifier for scanning tunneling microscopy
— MARTIN STUBIANI, JurAj BOBEKI’Z, MARTIN SETVIN1’3, ULRIKE DIEBOLDI,
and sMicHAEL Scumip! — Institute of Applied Physics, TU Wien, Austria —
2Brno University of Technology, Brno, CZ — 3Charles University, Praha, CZ
Scanning tunneling microscopy is one of the most versatile techniques in surface
physics. One of the factors limiting its performance is the bandwidth and noise of
the preamplifier. Higher bandwidth enables faster scanning, and also implies low
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phase shifts, which reduces the susceptibility to feedback loop oscillations. STM
preamplifiers are transimpedance amplifiers (TIAs), usually with a high feedback
resistor. Increasing its resistance leads to lower current noise (Johnson noise of
the resistor), but at the same time usually results in lower bandwidth. Using a
multi-stage amplifier design, we could achieve an input noise of = 5fA/+/Hz at
room temperature and low frequencies, but nevertheless a large bandwidth of
up to 200 kHz and large dynamic range (<0.1 pA to 50 nA). For low noise, it is
important to minimize the input capacitance. Connecting the STM tip to the
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preamplifier via a long coaxial cable should be avoided, and the performance
can be substantially improved by placing the first amplifier stage into vacuum.
Additionally, for low-temperature STMs, the Johnson noise is reduced by plac-
ing the feedback resistor in thermal contact with the cryostat. We also discuss a
source of noise in operational amplifiers usually not considered, but important
for TIAs.

[1] M. Stubian et al., Rev. Sci. Instrum. 91, 074701 (2020).

0912 Thul0:30 P

Theoretical models for KPFM with flexible tip apexes — «ONDRE] KrEjC1!
and ApaMm S. Foster">? — !Department of Applied Physics, Aalto Univer-
sity, FI-00076 Aalto, Finland — 2Graduate School Materials Science in Mainz,
Staudinger Weg 9, 55128, Germany — *WPI-NanoLSI, Kanazawa University,
Kakuma-machi, Kanazawa 920-1192, Japan
Kelvin Probe Force Microscopy (KPFM) started as a technique with the pos-
sibility to determine areas of a sample with different work functions [1], but
as lateral resolution moved towards (sub)angstrom precision, it found its place
also in identifying differently charged parts of molecules (e.g. [2]). This abil-
ity was in specific cases used in KPFM to obtain chemical resolution using SPM
[3,4,5]. On the other hand, the exact interpretation of KPFM data with flexi-
ble tip apices (e.g. CO-tip) remains unknown. In this work, we will summarise
up-to-date knowledge about KPFM [1,4,6] focusing mainly on measurements
with FM-AFM/STM. Based upon this, we will present a new model for elec-
trostatic field, which is describing the experiments with CO-metal tips [5] and
metal substrates. This new electrostatic model is applied in a DFT calculations
simulating the full tip-sample system. These calculations will be compared with
simple mechanistic models capturing various sources of achieved signal. With
this, we aim to recover the physics behind KPFM with flexible tip apices.

Ref: [1] APL 58, 2921 (1991). [2] Nat. Nanotechnol. 7, 227-231 (2012). [3]
Nano Lett. 14, 3342-3346 (2014) [4] PRB, 90, 155455 (2014). [5] ACS Nano 12,
5274-5283 (2018) [6] PRB 86, 075407 (2012).

091.3 Thul0:30 P

Radio-frequency transmission to the junction of a scanning tunneling micro-
scope — *NAFISE KALANTARI, THOMAS JURGENS, RENE WOLTMANN, MANUEL
GRUBER, ALEXANDER WEISMANN, and RICHARD BERNDT — Institut fur Ex-
perimentelle und Angewandte Physik, Christian-Albrechts-Universitit zu Kiel,
24098 Kiel, Germany
Electron spin resonance scanning tunneling microscopy (ESR-STM), as imple-
mented by Baumann et al. [1], requires the application of a constant-amplitude
radio frequency (RF) voltage at the tunnel junction over a wide range of frequen-
cies. To achieve constant amplitude the RF input power is adjusted to compensate
for frequency dependent variations of the cable transmission. This approach re-
lies on a precise determination of the RF transmission function. Here, we discuss
the upgrade of a low-temperature STM with high-frequency cables and a super-
conducting magnet. In particular, we present the RF transmission achieved with
40 dB attenuation at maximum.

[1] S. Baumann, W. Paul, T. Choi, C. P. Lutz, A. Ardavan, A. J. Heinrich, Sci-
ence 350, 417-420 (2015).

0914 Thul0:30 P
Single Asperity Sliding Friction across the Superconducting Phase Transi-
tion — ¢WEN WANGI'Z, DIrk DIETZELI, and ANDRE SCHIRMEISEN' — !Institute
of Applied Physics, University of Giessen, 35392 Giessen, Germany — “School
of Mechanical Engineering, Southwest Jiaotong University, 610031 Chengdu,
China
In sliding friction, different energy dissipation channels have been proposed, in-
cluding phonon and electron systems, plastic deformation, and crack formation.
However, the details of how energy is coupled into these channels is heavily de-
bated, and especially the relevance of the electron system for energy dissipation
often remains elusive. Here, we present contact mode AFM friction experiments
of a single asperity sliding on a high-T. BSCCO-superconductor in a wide tem-
perature range from 40 K to 300 K [1]. Overall, friction decreases with temper-
ature as expected based on thermally activated friction models, but we find an
unexpected large peak around T of 95 K. We model these results by a superpo-
sition of different energy dissipation channels, where the influence of electronic
contributions vanishes when cooling below the superconducting phase transi-
tion temperature. Our experiments thereby unambiguously link electronic fric-

tion effects to the number of normal state electrons in the superconducting phase
below T, allowing us to quantify the relative importance of the electron system
to overall friction.

[1] W. Wang, D. Dietzel, A. Schirmeisen, Science Advances, eaay0165 (2020)

0915 Thul0:30 P
Microwave-assisted tunnelling and interference effects in superconducting
junctions under fast driving signals — sRoBERT DrosT!, PrToR KOT', MAXI-
MILIAN UHLl, JuaN CARLOS CUEVASZ, JoacHIM ANKERHOLDs, and CHRISTIAN
R. Ast! — 'Max-Planck-Institut fiir Festkorperforschung, Heisenbergstrae
1, 70569 Stuttgart, Germany — “Departamento de Fisica Teérica de la Mate-
ria Condensada and Condensed Matter Physics Center (IFIMAC), Universidad
Auténoma de Madrid, 28049 Madrid, Spain — >Institut fiir Komplexe Quan-
tensysteme and IQST, Universitit Ulm, Albert-Einstein-Allee 11, 89069 Ulm,
Germany
As scanning tunnelling microscopy is pushed towards fast local dynamics, a
quantitative understanding of tunnel junctions under the influence of a fast AC
driving signal is required, especially at the ultra-low temperatures relevant to
spin dynamics and correlated electron states. We subject a superconductor-
insulator-superconductor junction to a microwave signal from an antenna
mounted in situ and examine the DC response of the contact to this driving sig-
nal. Basic quasi-particle tunnelling can be interpreted using a modified density
of states in the electrodes. The situation is more complex when it comes to higher
order effects such as multiple Andreev reflections. Microwave assisted tunnelling
unravel these complex processes, providing deeper insights into tunnelling than
are available in a pure DC measurement.

0916 Thul0:30 P
Development of a Variable-Temperature High-Speed Scanning Tunneling
Microscope — ¢ZECHAO YANG, LEONARD GURA, JENS HARTMANN, HEINZ
JUNKES, FLORIAN KALASS, MATTHIAS BRINKER, WILLIAM KIRSTAEDTER,
MaRrkus HEYDE, and HANS-JoACHIM FREUND — Fritz-Haber-Institut der Max-
Planck-Gesellschaft, Berlin, Germany
To understand the crystalline to vitreous transition in oxide films as a function of
temperature in real space and at real time, we developed a variable-temperature
high-speed scanning tunneling microscope.

The scanner consists of two independent tube piezos for slow and fast scan-
ning, respectively. For fast scans, we use spiral geometries to avoid image distor-
tions. The spiral geometry and the tip velocity are adjustable.

The STM tip scans in quasi-constant height mode with a predefined tilt cor-
rection. The surface topography can then be deduced from the logarithm of the
tunneling current. We implemented the scan control into the EPICS framework
[1] and developed highly customizable, purely python based software for the im-
age analysis.

With these tools, we atomically resolved diffusion processes within an O(2x2)
structure on Ru(0001) with a time resolution of 25 milliseconds per frame. The
measurements prove the vibrational stability and low thermal drift characteris-
tics of our microscope.

For future high temperature measurements we will use a continuous flow cryo-
stat to counter-cool the piezo material of the scanner.

[1] Junkes, H. et al. (2018). ICALEPCS2017, pp. 1762-1766.

091.7 Thul0:30 P
Combined AFM and STM with high optical access achieving atomic resolu-
tion in ambient conditions — ¢ KORBINIAN PURCKHAUER, SIMON MAIER, ANJA
MERKEL, DOMINIK KIRPAL, and FRANZ J. GIEssIBL — University of Regensburg,
Regensburg, Germany
Performing atomic force microscopy (AFM) and scanning tunneling microscopy
(STM) with atomic resolution under ambient conditions is challenging due to
enhanced noise and thermal drift. We show the design of a compact combined
atomic force and scanning tunneling microscope that uses qPlus sensors and dis-
cuss the stability and thermal drift. By using a material with a low thermal ex-
pansion coefficient, we can perform constant height measurements and achieve
atomic resolution in both AFM and STM on various samples. Moreover, the de-
sign allows a wide angle optical access to the sensor and the sample that is of
interest for combining with optical microscopes or focusing optics with a high
numerical aperture.

[1] Piirckhauer et al., Rev. Sci. Instrum. 91, 083701 (2020)
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0921 Thul0:30 P
FEL based tr-ARPES of ultrafast electron dynamics in quantum materi-
als — oM. HEBERl, K. Ki‘JHLMANNZ, D. KUTNYAKHOVI, E PRESSACCOl, N.
WiND®, D. Curcio®, K. VOLCKAERT?, V. SHOKEEN®, A. YAROSLAVSEV®, H.
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Ziirich, CH — *Physics Department, University of Hamburg, D — * Aarhus Uni-
versity, DK — 5Uppsala University, S — SRutherford Appleton Laboratory, Har-
well, GB — " University of Mainz, D — *IEAP, CAU Kiel, D

We investigated the ultrafast electronic structure dynamics of various quantum
materials by time- and angle-resolved photoelectron spectroscopy. To this end,
a time-of-flight momentum microscope enabling the parallel detection of the
photoelectrons two surface-parallel momentum components plus their kinetic
energy was combined with the short-pulsed monochromatized XUV radiation
from the PG2 beamline of FLASH at DESY. The use of XUV pulses specifically
provides the possibility to study the combined temporal response of valence and
core electrons. Here, the results of three different experiments will be presented,
focusing on the Dirac cone of graphene on Ir(111), the surface and bulk valence
bands and core levels of Bi,Ses, as well as the hot electrons in a thin ferromag-
netic nickel film on W(110). Pump fluence- and momentum-dependent dynam-
ical effects will be discussed.

0922 Thul0:30 P
Dynamics of charge transfer processes at nanoparticle/oxide interface stud-
ied by free electron laser — *ELEONORA SPURIol’z, JACcoPO STEFANO PELLI
CRESI3, EMILIANO PRINCIPI3, DANIELE CATONE4, PATRICK O’KEEFFE4, STE-
FANO TURCHINI!, STEFANIA BENEDETTI’, AVINASH VIKATAKAVI'Z?, SERGIO
D’ADDATOI’Z, CLAUDIO MASCIOVECCHIO3, JacaDESH KopuLa KESAVANS, FED-
ERICO BOSCHERINT, and Paora Luces”* — !Universita degli Studi di Modena
e Reggio Emilia — 2CNR-NANO, Modena — *Elettra-Sincrotrone Trieste —
“ISM-CNR, Rome — >Universita di Bologna, Italy
In order to make wide band gap semiconductors suitable for a widespread use as
green solar photocatalysts, it is fundamental to expand their photoactivity in the
visible range. This is possible for example combining these materials with plas-
monic nanoparticles(NP). In our work, we have studied a system based on Ag
NP embedded in a film of CeO2. Here, we have exploited the chemical sensitivity
of free electron laser time-resolved soft X-ray absorption spectroscopy to obtain
information on the ultrafast energy transfer process at the NP/film interface, fol-
lowing photoexcitation of the plasmon resonance of Ag NP. We have observed
ultrafast changes (< 200 fs) of the Ce N4,5 absorption edge, revealing a highly
efficient charge transfer from Ag NP to the Ce atoms of the CeO2 film[1]. These
results also demonstrate the power of this technique for the characterization of
energy transfer in these novel hybrid plasmonic/semiconductor materials. [1] J.
S. Pelli Cresi et al., submitted for publication (2021).

0923 Thul0:30 P
Density-dependent electron-phonon coupling in multiband systems.
*ToBias HELD, SEBASTIAN T. WEBER, and BAERBEL RETHFELD — Depart-
ment of Physics and Research Center OPTIMAS, TU Kaiserslautern, Erwin-
Schroedinger-Strasse 46, 67663 Kaiserslautern, Germany
When a solid is irradiated with a short-pulsed visible light laser, the energy is
almost entirely absorbed by the electrons while the lattice remains cold. The
subsequent energy flow between electrons and phonons is commonly described
by the electron-phonon coupling parameter, a central parameter in the Two-
Temperature Model and most other temperature-based models.
This coupling parameter depends on a multitude of variables as reinforced by
recent results. The most commonly considered dependence is the one on the
electron temperature.
In this work we aim to see how the density distribution between different elec-
tronic subsystems affects the coupling parameter in combination with the elec-
tronic temperature. For the different electron subsystems we distinguish between
orbital types in gold and spins in magnetic nickel. The results show that the total
coupling strongly depends on the density distribution for gold, while for nickel
the influence is compensated within both bands.

0924 Thul0:30 P
Electron-phonon coupling for different stages of relaxation dynamics after
ultra-short laser-excitation — «SEBASTIAN T. WEBER and BAERBEL RETHFELD
— Department of Physics and Research Center OPTIMAS, TU Kaiserslautern,
Erwin-Schroedinger-Strasse 46, 67663 Kaiserslautern, Germany

For the excitation of metals with ultra-short laser pulses of visible light, the en-
ergy is absorbed by the electrons. Later, the energy is transferred to the phonons.

The strength of this energy transfer is determined by the electron-phonon
coupling parameter. It in turn depends on a multitude of parameters, like the
electronic temperature, the different stages of electronic nonequilibrium [1] and
phononic properties [2].

We study the electron-phonon coupling in dependence on different states of
ultra-fast dynamics after laser-excitation. First, the coupling strength is mostly
determined by the electron temperature. It is also influenced by the laser-
induced nonequilibrium electron distribution. With the heating of the phonons,
the lattice temperature comes into play. The decreasing Debye Temperature [2]
leads to a strong drop of the electron-phonon coupling strength. Moreover, the
cooling of electrons by phonons induces a long-lasting nonequilibrium of the
electronic system, which influences the coupling strength as well [1].

[1] S. T. Weber and B. Rethfeld, PRB 99, 174313 (2019)
[2] M. Z. Mo et al., Science 360, 1451 (2018)

0925 Thul0:30 P
Electron Thermalization in laser-excited Graphite — «KATHARINA HILGERT,
SEBASTIAN T WEBER, and BAERBEL RETHFELD — Department of Physics and
Research Center OPTIMAS, TU Kaiserslautern, Erwin-Schroedinger- Strasse
46, 67663 Kaiserslautern, Germany
In this contribution we present a theoretical calculation of electron thermaliza-
tion in a laser-excited graphite sample. Our calculations are motivated by an ex-
perimental paper applying trARPES, which concludes that the electron gas has
reached a Fermi-Dirac distributed state only 50 fs after the excitation [1]. We
have recreated these observations using a simulation based on full Boltzmann
collision integrals [2] and were able to achieve comparable results. We then ex-
tended our examination by using two alternative analyzation methods utilizing
the energy density of non-equilibrium electrons and the temporal evolution of
the entropy, respectively. We have found that the method proposed in the exper-
imental paper slightly underestimates the relaxation time but overall predicts
results in an accurate order of magnitude.
[1] G. Rohde et al., PRL 121, 256401 (2018)
[2] B.Y. Mueller and B. Rethfeld, PRB 87, 035139 (2013)

092.6 Thul0:30 P
Ultrafast dynamics of direct and indirect excitation pathways of the topolog-
ically protected surface state on Sb2Te3 — <JaN Bé’)HNKEl, HAYDAR ALTUG
YiLpirim!, CORNELIUS GAHL!, JAIME SANCHEZ-BARRIGAZ, OLIVER RADER?,
and MaRTIN WEINELT' — !Fachbereich Physik, Freie Universitit Berlin, Ger-
many — ?Helmholtz-Zentrum Berlin fiir Materialien und Energie GmbH, Ger-
many
Dirac cone like topologically protected surface states (TSS) have attracted high
interest for spintronic applications due to their specific spin texture in momen-
tum space and the long electron mean free path because of reduced scattering
phase space. Optical control of electric currents at the surface of topological in-
sulators has been discussed controversially. We investigated the role of direct and
indirect population channels for the TSS on Sb,Te; in 2D momentum space by
time- and angle-resolved two-photon photoemission spectroscopy. Excitation
with 1.55 eV photons leads to an initially anisotropic population of the Dirac
cone depending on the helicity of the excitation pulse. This circular dichroism
however predominantly exhibits a 3-fold symmetry, which reflects the symme-
try group of the bulk material but does not correspond to a macroscopic current
in the TSS. Since the photon energy exceeds the bulk band gap, the optical ex-
citation creates also a significant electron population in the conduction band,
which relaxes towards the band minimum on the timescale of few 100 fs. On
the same timescale electrons scattered from the conduction band dominate the
population in the TSS so that the anisotropy decays rapidly.
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0931 Thul0:30 P
Electric-field control of a single-atom polar bond — «MARYAM OMIDIAN! , Su-
SANNE LEITHERERz, NicoLras NéELl, MADs BRANDBYGEZ, and JORG KrROGER!
— Mnstitut fiir Physik, Technische Universitat Ilmenau, D-98693 Ilmenau, Ger-
many — ZCenter of Nanostructured Graphene, Department of Physics, Techni-
cal University of Denmark, DK-2800 Kongens Lyngby, Denmark
The polar chemical bond between a single Au atom terminating the apex of an
atomic force microscope tip and a C atom of graphene on SiC(0001) is exposed

101

Location: P

to an external electric field. For one field orientation the Au-C bond is strong
enough to sustain the mechanical load of partially detached graphene, whilst for
the opposite orientation the bond breaks easily. Calculations based on density
functional theory and nonequilibrium Green’s function methods support the ex-
perimental observations by unveiling bond forces that reflect the polar character
of the bond. Field-induced charge transfer between the atomic orbitals modifies
the polarity of the different electronegative reaction partners and the Au-C bond
strength.
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0932 Thul0:30 P
Simulating the scattering of a hydrogen atom from graphene using a high-
dimensional neural network potential. — «SeBasTIAN WiLLE"">?, HONGYAN
]IANGZ, OLIVER BﬁNERMANNZ, ALEC M. WODTKEI’Z, JORG BEHLER3, and
ALEXANDER KanDRraTsENkA® — 'Institute for Physical Chemistry, Georg-
August University Gottingen, Germany — 2Department of Dynamics at Sur-
faces, Max Planck Institute for Biophysical Chemistry, Géttingen, Germany —
3Theoretical Chemistry, Georg-August University Gottingen, Germany
Understanding the formation of covalent bonds due to atomic-scale motions
and energy dissipation pathways involved is an ongoing challenge in the field
of chemistry. Measurements performed in our group show a bimodal pattern
of the translational energy loss distribution of hydrogen atoms scattered from
graphene. The second generation reactive empirical bond order potential was
fitted to ab initio electronic structure data obtained from embedded mean-field
theory to generate a potential energy surface (PES). First-principles dynamics
simulations using the provided PES were able to reproduce the bimodal feature
of the energy loss spectrum and were in qualitative agreement with experimen-
tal results. But these investigations could not fully provide a detailed descrip-
tion of the scattering and sticking mechanisms. Therefore, we developed a full-
dimensional neural network PES by fitting to the density functional data in or-
der to further reduce the remaining errors by the fitting procedure of the PES
underlying molecular dynamics simulations performed, which better fits the ex-
periment.

093.3 Thul0:30 P
Intercalation of silver between graphene and silicon carbide studied by PEEM
and AFM — «PHILIPP WEINERTI’Z, RICHARD HéNIGl’Z, ULFr BERGESI’Z, and
CARSTEN WEsTPHAL? — 1Experimentelle Physik I, TU Dortmund, Otto-
Hahn-Strafle 4, 44227 Dortmund, Germany — ZDELTA, TU Dortmund, Maria-
Goeppert-Mayer Strafle 2, 44227 Dortmund, Germany
Due to its outstanding electronic, magnetic, and mechanical properties graphene
is of particular interest multiple fields.

In this study the intercalation of silver between one layer of graphene, the so-
called buffer layer, and a silicon carbide substrate is investigated. Other studies
have shown that covalent bounds between the silicon carbide and the buffer layer
are released by intercalation, which leads to quasi free standing graphene.

To achieve the intercalation, samples have been coated with thin silver-films
of different and defined thicknesses. Subsequently, the samples have been an-
nealed to initiate the intercalation. In different steps of the annealing process,
photoemission electron microscopy (PEEM) has been carried out to investigate
the work function of the surface. This investigation has proven that silver in-
tercalated underneath the buffer layer during the annealing. Moreover, in the
case of thick silver layers a contrast inversion was visible. Furthermore, atomic
force microscopy (AFM) has been carried out to investigate the topography of
the samples after the intercalation. This study has shown that a small part of the
silver does not intercalate, but forms islands on the surface.

0934 Thul0:30 P
Modeling the self-assembly of graphene flakes on liquid Cu — ¢JUAN SANTI-
AGO CINGOLANI, MIE ANDERSEN, and KARSTEN REUTER — Chair of Theoretical
Chemistry, Technical University of Munich, Germany
The use of liquid Cu as a catalyst for the production of graphene during chemical
vapor deposition has been shown to lead to high-quality single layer millimeter-
scale graphene flakes. In-situ optical microscopy revealed that the flakes are mo-
bile on the liquid surface and interact with each other leading to the formation
of self-assembled structures. We carry out a series of molecular dynamics sim-
ulations of graphene flakes on liquid Cu employing the third-generation charge
optimized many body potential (COMB3) to shed some light on the origin of
such inter-flake interactions.

From our simulations we extract information regarding the interaction of the
flakes with the liquid substrate; namely the adsorption height, interaction en-
ergy, and charge transfer into the adsorbate. We extrapolate these properties to
the limit of large flakes and use them as input for a mesoscopic model which
accounts for electrostatic repulsion and capillary attraction assuming charged
spherical particles. The resulting interaction potential predicts interflake dis-
tances within an assembly that lie within an order of magnitude of the experi-
mental observations. While quantitative agreement is out of the scope for such a
simple model, we show that the experimental observations are compatible, un-
der the proposed mesoscopic model, with the microscopic properties derived
from atomistic simulations.

0935 Thul0:30 P
Reduced step bunching during growth of epitaxial graphene on silicon car-
bide (0001) — *ROBERT APPEL, PHILIPP WEINERT, and CARSTEN WESTPHAL
— Experimentelle Physik I, TU Dortmund, Otto-Hahn-Strasse 4a, 44227 Dort-
mund, Germany
Epitaxial graphene (EG) has attracted significant interest in the recent years due
to the simple preparation method by heating silicon carbide (0001). The ma-
jor drawback of this approach is step bunching (SB) that leads to large terraces
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and tall step heights. These disconnect the EG layers from step to step result-
ing in anisotropic electronic and magnetic properties. To prevent this, samples
with shallow steps are desired. The (6v/3 x 6V3)R30°-reconstruction (so-called
buffer layer (BL)) of the SiC(0001) constrains the SB and forms while heating.
Therefore, a fast formation of the BL while heating without mono layer or bilayer
patches is of utmost importance.

We use the confinement controlled sublimation (CCS) method in argon at-
mosphere because it is known for reproducibility and tunability. Thus, it is a
promising method to find the ideal parameters for fast BL formation. Kruskopf
etal. demonstrated the preparation of EG with shallow steps and less SB by using
a high heating rate, a short heating time and a high preparation temperature.

In this study, we explore the applicability of the CCS method in order to obtain
similar results with shallow steps and less SB. For this purpose, we systematically
modify the preparation parameters and characterize the obtained samples with
atomic force microscopy.

093.6 Thul0:30 P
Influence of Chemical Interactions on Low Energy Ion bombardment of
2D Materials: Insights from ab-initio Molecular Dynamics — SILVAN
KRETSCHMER', SADEGH GHADERZADEH', and ARKADY V. KRASHENINNIKOV 2
— "Helmholtz-Zentrum Dresden-Rossendorf, Germany — 2Departmen‘[ of Ap-
plied Physics, Aalto University, Finland
Low energy ion implantation (LEII) provides a valuable tool to tune the mechan-
ical, electronic and catalytic properties of 2D materials by the targeted implanta-
tion of impurities. In contrast to ion irradiation at higher energies the commonly
applied binary collision formula fails to describe the outcome of the irradiation
process for ions close to the displacement energy, that is the minimum ion energy
needed to displace the target atom. The dominating influence of the chemical in-
teraction of projectile and target atoms and its effect on the displacement energy
are addressed in this work. For that, we carried out ab-initio molecular dynamics
(MD) simulations for a broad range of projectiles (elements Hydrogen to Argon)
impacting on graphene and h-BN, and determined the energies needed to dis-
place C, N and B atoms, respectively. We further present and validate a scheme
to incorporate the effect of spin-polarization on the displacement process - as
spin-polarized ab-initio MD runs tend to fail at bond-breaking.

093.7 Thul0:30 P
hBN/Pt(111) and hBN/Ir(111): distinctive templates for Cs adsorption —
J1aQ1 CAI, ROBIN OHMANN, and CARSTEN BUsse — Department Physik, Uni-
versitit Siegen, Walter-Flex-Str. 3, 57072 Siegen
High-quality two-dimensional materials (2DM) can be grown by epitaxial meth-
ods on the high-symmetry surfaces of transition metal crystals. This epitaxy
leads to the interaction between 2DMs with the underlying substrate, which pe-
riodically modulates their geometric and electronic structure. This spatial peri-
odicity constitutes a moiré pattern.

The periodic electronic modulation of the moiré pattern provides a template
for adsorbates. To study this templating effect, we deposit Cs onto hBN/Pt(111)
and hBN/Ir(111). Our scanning tunneling microscopy measurements reveal,
hBN/Pt(111) and hBN/Ir(111) are very different templates: the preferred ad-
sorption sites on hBN/Pt(111) are the strongly bonded regions (valleys) of the
moiré unit cell, and on hBN/Ir(111) the weakly bonded regions (hills). Further-
more, one valley region on hBN/Pt(111) can accommodate multiple alkali metal
atoms, while only one single Cs atom can adsorb on the hill of the hBN/Ir(111)
moiré unit cell. An additional feature of Cs adsorption on hBN/Ir(111) is that
there are two hill regions in one moiré unit cell. With the proper preparation
procedure, the adsorbed Cs atoms form an unusual honeycomb lattice.

093.8 Thul0:30 P
Preparation of antimony monolayers on Ag(111) — STEFANIE HILGERS',
JuLiaN A. HOCHHAUSI’Z, ANNEKE REINOLDI, Marte G. H. SCHULTEI’Z, and
CARSTEN WEsTPHAL? — 1Experimentelle Physik I, TU Dortmund, Otto-
Hahn-Str. 4a, 44227 Dortmund, Germany — “DELTA, TU Dortmund, Maria-
Goeppert-Mayer-Str. 2, 44227, Dortmund, Germany
In the here presented research, we prepare and investigate antimony monolay-
ers on Ag(111). Similar to graphene, the elements of the 5th main group such
as phosphorus, arsenic, and antimony are predicted to have extraordinary elec-
tronic properties.
Due to the small lattice mismatch between silver and free-standing antimonene,
Ag(111) is a suitable substrate for the preparation of antimony monolayers. The
substrate was cleaned by argon sputtering and heating in UHV, while the anti-
mony monolayers were prepared by molecular beam epitaxy (MBE). Auger elec-
tron spectroscopy (AES) was used to investigate the chemical surface composi-
tion, while structural investigations were carried out using low-energy electron
diffraction (LEED) and scanning tunneling microscopy (STM) at room temper-
ature.



Surface Science Division (O)

Thursday

0939 Thul0:30 P
Preparation and characterization of lead monolayers on Pd(111) — «ANNEKE
REINOLDl, JuLiAN HOCHHAUSI’Z, IsmAIL BALTACII, STEFANIE HILGERSI, ULF
BERGESI'Z, and CARSTEN WesTpHALD? — 1Experimentelle Physik I, TU Dort-
mund, Otto-Hahn-Str. 4a, 44227 Dortmund, Germany — “DELTA, TU Dort-
mund, Maria-Goeppert-Mayer-Str. 2, 44227 Dortmund, Germany
The research presented here focuses on the preparation of lead monolayers on
Pd(111). With the experimental realization of two-dimensional lead by Yuhara
et al. in 2019, the field of 2D materials was recently expanded. According to
theoretical predictions, the so-called plumbene has the largest band gap and the
highest spin-orbit coupling from all group 14 elements due to its high mass. Ad-
ditionally, plumbene was predicted to show the quantum spin Hall effect (QSHE)
even at room temperature. Therefore, plumbene is an ideal candidate for topo-
logical insulators and future electronic applications.
We want to achieve a more detailed knowledge of the behavior of different layer
thicknesses of lead on palladium. We prepared Pd(111) by repeated cycles of
argon sputtering and heating. The monolayers were deposited by thermal vapor
deposition. Low-Energy Electron Diffraction (LEED) and Scanning Tunneling
Microscopy (STM) were used to characterize the Pb/Pd(111) system.

093.10 Thul10:30 P
Ultrathin oxide/graphene heterostructures — ¢ANDREA PICONE — Depart-
ment of Physics, Politecnico di Milano, Milano, Italy
Graphene interfaced with oxide ultrathin films is a particularly appealing sys-
tem for the development of new devices, since the dielectric layer can be used
to modulate the physical properties of the carbon monolayer. Furthermore,
graphene can be used as a template to synthesize novel two-dimensional ox-
ide materials.[1] Despite such an extreme technological and scientific interest,
only few successful examples of sharp graphene/oxide interfaces have been re-
ported so far, since the growth of atomically flat ultrathin oxide films on the
honeycomb monolayer is hampered by the extremely low surface free energy of
graphene, which promotes the nucleation of three-dimensional clusters. Here,
by using standard surface science techniques, I will analyze the structural, chem-
ical and electronic properties of transition metals oxide (CrxOy and FexOy)
and rare earths oxide (ErxOy )ultrathin films grown on the graphene/Ni(111)
substrate.[2,3] The experimental results reveal a rich variety of graphene het-
erostructures, depending on the element used and the synthesis procedure.

[1] Netzer, E. P; Surnev, S. Oxide Materials at the Two-Dimensional Limit;
Springer, (2016)

[2] Lodesani, A. ; Picone, A.; Brambilla, A.; Giannotti, D.; Jagadeesh, M.S.;
Calloni, A.; Bussetti, G.; Berti, G.; Zani, M.; Finazzi, M.; Duo, L.; Ciccacci, F.
ACS Nano 13, 4361-4367 (2019)

[3] Lodesani, A.; Picone, A.; Brambilla, A.; Finazzi, M.; Dud, L.; Ciccacci, E. J.
Chem. Phys. 152, 054706 (2020)

093.11 Thul10:30 P
Kinetic nanoscale friction and intermittent hybridization in graphene stacks
on SiC — «BARTOSZ SZCZEFANOWICZI, LEONHARD MAYRHOFERZ, ANDREAS
KLEMENZZ, MICHAEL MOSELERZ, and RoLAND BENNEwWITZ! — 'INM - Leib-
niz Institute for New Materials, Saarbriicken, Germany — *TWM Fraunhofer
Institute for Mechanics of Materials, Freiburg, Germany
Graphene is an excellent lubricant on micro- and nanoscale due to its weak
normal-to-plane interactions. Friction Force Microscopy (FFM) demonstrated
ultralow friction for graphene on many different substrates. However, the fric-
tion force for epitaxial graphene on SiC(0001) increases dramatically above a
normal load threshold [1]. We suggest that the observation can be explained by a
pressure-induced temporal and local orbital rehybridization from sp? to sp> and
a corresponding change of interlayer van der Waals interaction into metastable
covalent bonds [2].

We report friction force measurements for graphene/SiC(0001) in ultrahigh
vacuum as function of normal load and sliding rate and compare the results
to atomistic simulations based on density functional theory (DFT). An excel-
lent agreement of the load-dependence reveals friction mechanisms involving
pressure-induced intermittent bonds.

[1] T. Filleter, R. Bennewitz, Physical Review B, 81 (2010), 155412
[2] Y. Gao, et al, Nature Nanotechnology, 13 (2018), 133-+.

093.12 Thul0:30 P
Hetero-Stacking of 2D Materials by Sequential Chemical Vapour Deposition
— eNicoLAs NEEL, ALEXANDER MEHLER, and JOrRG KROGER — Institut fir
Physik, Technische Universitit Ilmenau, D-98693 Ilmenau, Germany
A multi-step method that enables the growth of graphene on hexagonal boron
nitride (h-BN) on Pt(111) is presented. Using borazane (BNH6) as a molecular
precursor, h-BN is grown on the surface in the first step. In a next step, a suffi-
ciently thick Pt film is adsorbed and buries the h-BN mesh. It acts as a catalyst for
the subsequent growth of graphene via the chemical vapour deposition of ethy-
lene (C2H4). The last step involves the thermally induced entire intercalation of
the Pt film beneath h-BN giving rise to large surface regions of a graphene/h-
BN stacking. A unique moiré superstructure results from the h-BN-Pt interface.
Upon reducing the tip-sample separation an additional V3 x V3R 30° superlat-
tice gradually appears.

093.13 Thul0:30 P
In-plane heterostructures of transition metal dichalcogenide monolayers —
«KA1 MEHLICHI’Z, DANIELA DOMBROWSKIl’z, THAIS CHAGAsl, DANIEL KURZI,
THOMAS MICHELY", and CARSTEN Busse! — !Department Physik, Universitit
Siegen, Walter-Flex-Str. 3, 57068 Siegen — “Institut fiir Materialphysik, WWU
Miinster, Wilhelm-Klemm-Str. 10, 48149 Miinster — “II. Physikalisches Institut
, Universitét zu Koln, Ziilpicher Str. 77, 50937 Koln
Modern electronics and optoelectronics utilise complex materials to maximize
efficiency and reduce size, while requiring specific electronic properties. 2D-
materials can fulfill these desires excellently. With epitaxial growth of monolayer
transition metal dichalcogenides like TaS,, WS, and MoS, already an established
line of research, we increased the range of possibilities by successfully growing
in-plane heterostructures of these materials. The heterostructures are realised
by sequential epitaxial growth of monolayers on Au(111), thereby forming the
thinnest possible heterostructures. The material combination was chosen be-
cause of the difference in lattice parameters and electronic structure (as mono-
layer MoS, and WS, are semiconductors and monolayer Ta$, is metallic). The
difference in lattice parameters induces stress, which has to be compensated. We
categorised the relieve mechanisms into three groups, being: Defects, compres-
sion or stretching of the materials, and deformation in the z-plane. The mech-
anisms are observed by STM-imaging and analysed quantitatively on their ap-
pearance depending on the hetero-boundary, mostly showing an uninterrupted
boundary.

093.14 Thul0:30 P
Catalytically assisted growth of molybdenum disulfide monolayers on silicon
dioxide substrates — ANA BURGOs', VALERIA DEL CaMPO', and sPATRICIO
HABERLEM? — 1Departamento de Fisica, Universidad Técnica Federico Santa
Marfa, Valparaiso 2390123, Chile — “Institute of Applied Physics, Vienna Uni-
versity of Technology, 1040 Vienna, Austria
MoS2 monolayers grown by chemical vapor deposition (CVD), starting from
MoO3 and S precursors, occurs mostly in form of patches over the substrates,
leaving some sections nearly clean. There is a large heterogeneity of the resulting
products, regarding size and shape of the structures, obtained. We have explored,
the formation of MoS2 layers grown by CVD on silicon dioxide substrates, while
exposed to HOPG (Highly Oriented Pyrolytic Graphite). HOPG provides a cat-
alytic surface that promotes the chemical reactions involved in the formation of
MoS2. We have proposed a detailed model of the chemical reactions involved
in this monolayer growth. It proceeds via the formation of MoO2 on the HOPG
surface, followed by the gas phase synthesis of MoS2, which is subsequently col-
lected over the substrate. Our analysis, using optical microscopy and Raman
spectroscopy of the resulting products, indicate that the ratio between MoO2
and §S is a crucial variable in the formation of monolayers. A set of optimal exper-
imental conditions were established in order to promote homogeneous growth
of MoS2 monolayers.
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0941 Thul0:30 P
Peeling graphite layer by layer to study the charge exchange dynamics of ions
inside a solid on the fs time scale — ¢ ANNA NIGGASI, SASCHA CREUTZBURGZ,
JANINE SCHWESTKA' , BENJAMIN WOCKINGER! , PEDRO L GRANDE3, BERNHARD
C BAYER4'5, Josg P MARQUES6, FRIEDRICH AUMAYRI, ROBERT BENNETT7, and
RicuARD A WiLHELM' — 'Institute of Applied Physics, TU Wien, Vienna, Aus-
tria — 2Institute of Ton Beams and Materials Research, HZDR, Dresden, Ger-
many — 3Instituto de Fisica, Universidade Federal do Rio Grande do Sul, Porto
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Alegre, Brazil — *Institute of Materials Chemistry, TU Wien, Vienna, Austria —
SFaculty of Physics, University of Vienna, Vienna, Austria — ®BioISI - Biosys-
tems & Integrative Sciences Institute, Faculdade de Ciéncias da Universidade de
Lisboa, Lisbon, Portugal — ’Department of Physics and Astronomy, University
of Glasgow, Glasgow, UK

Charge exchange is one of the many effects taking place when particles penetrate
through matter. For a long time experiments were limited to studying secondary
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particles because observation of the ion inside a solid is not possible. We per-
form highly charged ion transmission through single-, bi- and trilayer graphene
to study the ions’ exit charge state after intaction. Thereby we adress the charge
state changes in graphite with monolayer precision. Following our results of two
independent approaches, accompanied by a first-principles model on interparti-
cle de-excitation, we find that the ultra-fast neutralisation dynamics depend only
on the time the ion interacts with material layers and neutralisation happens pri-
marily in the topmost surface layers.

0942 Thul0:30 P
Electrooxidation of Isopropanol on Pt and Ru Single Crystals: an An in
situ X-Ray Diffraction Study — XIN DENGl’z, RALF SCHUSTERI, LEoN
]ACOBSEZ, VEDRAN VONKZ, YAROSLAVA LYKHACH' , OLAF BRUMMELI, ANDREAS
STIERLEZ, and JORG LiBupa' — lInterface Research and Catalysis, Friedrich-
Alexander-Universitat Erlangen-Niirnberg, Egerlandstr. 3, D-91058 Erlangen —
2Deutsches Elektronen-Synchrotron DESY, Notkestr. 85, D-22607 Hamburg
By combining isopropanol fuel cells with liquid organic hydrogen carriers, it is
possible to convert chemically bound hydrogen into electricity without genera-
tion of gaseous gas. Platinum is the best catalyst for alcohol oxidation, however,
partial poisoning by the product acetone impacts the activity. The addition of
ruthenium increases the reaction rates, however, the origin of the beneficial effect
is not clear so far. In this work, we investigated the electrochemical oxidation of
isopropanol on Pt(111) and Ru(0001) single crystals by employing high-energy
grazing incidence X-ray diffraction. The existence of isopropanol does not influ-
ence the oxidation of Pt(111) as the crystal truncation rods (CTRs) show simi-
lar shapes in the electrolyte with and without isopropanol. Platinum is severely
roughened by potential cycling with an upper potential limit higher than 1.35V,
while Ruthenium is much stable. Further analysing the XRD data of Ru(0001)
by fitting the CTRs will help us understand its behavior.

094.3 Thul0:30 P
Resolving the structure of oxidized Cu surfaces with machine-learned
Gaussian Approximation Potentials — ¢NIcoLAs BERGMANN!, Nicoras G.
H6rRMANND?, and KARSTEN REUTER?> — !Technische Universitit Miinchen,
Garching, Germany — 2Fritz-Haber-Institut der Max-Planck-Gesellschaft,
Berlin, Germany
Copper was recently shown to exhibit promising capabilities toward electro-
chemical CO oxidation [1], yet only after undergoing activating surface morpho-
logical changes. The detailed structure and composition of the formed surface
oxidic layer is hitherto unknown, preventing further mechanistic analyses. Here
we use the high computational efficiency of machine-learned Gaussian Approx-
imation Potentials (GAPs [2]) to systematically investigate the Cu(111) surface
structure with varying concentrations of adsorbed oxygen. The potentials are
trained with density-functional theory data of bulk CuO, and molecular dynam-
ics generated slab structures.

While low oxygen coverages do not alter the Cu substrate significantly, we find
dramatic morphological changes above a critical coverage of ~ 25% monolayer:
Surface copper atoms are extruded from the top layer, forming CuO, islands,
while at the same time the amount of subsurface oxygen increases. A detailed
analysis of local atomic environments reveals predominant local structural mo-
tives resembling those in well known bulk copper oxides.

[1] A. Auer et al., Nature Catal. 3, 10, (2020). [2] A.P. Bartok and G. Csanyi,
Int. J. of Quantum Chem. 115, 16 (2015).

0944 Thul0:30 P
Under potential deposited Hydrogen on Pt(111) is both terminal and bridge-
bonded — GREGOR ZwaschkA"?, Yuyin Tong"?, and «R. KRaAMER CAMPEN
— 1Fritz Haber Institute of the Max Planck Society, Berlin, Germany —
2University of Duisburg-Essen, Duisburg, Germany
Despite decades of effort, finding catalysts for either half reaction of electrolytic
water splitting that are reactive, stable and inexpensive has proven remarkably
challenging. For the hydrogen evolution half reaction (HER) in acidic solution
platinum meets the first and second of these goals remarkably well but underst-
nading why it does so, i.e. understanding the mechanism of the HER on Pt, has
proven challenging.

H adsorbs on Pt at potentials positive of those at which H, appears. Un-
derstanding the potential-dependent structure of this under-potential-deposited
(UPD) H, how it differs from H adsorbed on Pt in UHYV, and its relationship to
H, generation is a necessary step in understanding the HER mechanism. Here
we perform vibrational sum frequency spectroelectrochemistry to collect the
potential dependent Pt-H spectral response on single crystal Pt(111) electrodes
in acidic solution. In contrast to suggestions from UHV and previous infrared
spectroelectrochemical studies, we find that both terminal and bridge-bonded
H appear throughout the UPD region and that, depending on the defect den-
sity, distinct types of terminal-bonded hydrogen can be observed. Intriguingly,
for pristine Pt(111) surfaces we also observe an interfacial hydronium species
heretofore only predicted in calculation.
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0945 Thul0:30 P
Characterization of excitonic behaviour of MoS, on gold electrode by final
state resonant sum frequency spectroscopy — *TAO YANG, ERIK POLLMANN,
MARIKA SCHLEBERGER, YUJIN TONG, and RICHARD KRAMER CAMPEN — Univer-
sity of Duisburg-Essen, Faculty of Physics, 47057 Duisburg, Germany
Two dimensional (2D) materials are promising candidate electrocatalysts for the
hydrogen evolution reaction (HER) because of their large surface area and tun-
able electronic properties. Particularly MoS,, a transition metal dichalcogenide,
has been intensively studied in this context showing comparable efficiency for
the HER as Pt. While continuous breakthroughs in HER activity of MoS, have
been achieved, less attention has been devoted to the mechanistic investigation,
e.g., charge transfer between a metal electrode and the MoS,. Here we use final
state resonant sum frequency spectroscopy to study the optical response of MoS,
exfoliated on a gold electrode in aqueous solution as a function of applied bias.
The results show the evolution of the A and B excitons with electron doping. To-
gether with Raman and electrochemical characterization, the current study pro-
vides important insights into understanding the relationship between electronic
structure, atomic configuration and electron transfer at metal/MoS,/aqueous
electrolyte interface.

0946 Thul0:30 P
Effect of water co-adsorption on the electrochemical stability of H-covered
Pt(111)-water interfaces — ¢SUDARSAN SURENDRALAL, MIRA TODOROVA, and
JOrRG NEUGEBAUER — Max-Planck_institut fiir Eisenforschung, Max-Planck-Str.
1, 40237 Diisseldorf, Germany
Using density functional theory based molecular dynamics simulations we study
the relation between H-coverage and electrode potential at the Pt(111)/water in-
terfaces. We find that chemisorbed water molecules strongly interact with the
H-adatoms and strongly impact the electrode potential. Above a critical H ad-
sorbate coverage, chemisorbed water becomes unstable at these interfaces. The
loss of co-adsorbed water molecules results in a steep increase in the electrode
potential, making the interface thermodynamically unstable. The presence of a
critical upper H concentration well below 1 ML has been observed experimen-
tally but is absent in surface science modeling. This allows for the first time to
understand the mechanisms that limit H adsorption on these surfaces and that
lead to the onset of the hydrogen evolution reaction (HER).

S.Surendralal, M. Todorova, and J. Neugebauer, (under review).

094.7 Thul0:30 P
Implicit solvation limitations and beyond for potential-dependent electro-
chemical interfaces modelling — s ARTHUR HacopiaN"? and JEAN-SEBASTIEN
FraoL? — 1ICGM, University of Montpellier, CNRS, ENSCM, Montpellier,
France — “RS2E French network on Electrochemical Energy Storage, FR5439,
Amiens, France
In recent years, processes at solid/liquid interfaces have attracted considerable
attention due to their major role in scientific and engineering applications. In
the battery domain, solid/liquid interfaces are critical for the development of
high energy density batteries such as lithium-metal batteries (LMB), which are
the current missing key to a large-scale vehicle electrification and renewable en-
ergy generation. In LMB, the interface of interest corresponds to the interface
between a lithium metal anode and an organic electrolyte, where in this partic-
ular case, the solid electrolyte interphase (SEI) layer is formed between the solid
and liquid phases. Despite decades of research, our knowledge on the atomistic
structure and chemical evolution of the SEI is still rather limited. In this work,
we investigate the particular case of LiF, one of the most commonly found SEI
phases in lithium-based batteries. A polarizable continuum model (PCM) is used
to described the solvent dielectric response and a grand canonical DFT approach
is used to simulate potential variation. We show that in the case of LiF, which
is a highly polar surface, PCM suffers limitations due to its inability to simu-
late chemical reactivity. We highlight that these limitations are also found while
investigating charged interfaces. We finally propose a hybrid implicit/explicit
model to overcome PCM limitations.

094.8 Thul0:30 P
Doping of Free-standing Graphene Measured with Kelvin Probe Force Mi-
croscopy under Electrochemical Reaction Conditions — «SALMA KHATUN,
SIDNEY COHEN, IRIT GOLDIAN, and BARAN EREN — Weizmann Institute of Sci-
ence, Rehovot, Israel
Solid-liquid interfaces play a central role in electrochemistry, electrolysis, and
catalysis. The electrical double layer (EDL) which forms at the solid-electrolyte
interface, plays a key role in moderating these processes. Due to the difficulty in
probing this thin layer, very few experimental mechanistic studies under realis-
tic reaction conditions have been reported. We know, free-standing single layer
graphene (SLG) is transparent to both electrons and photons. When used as the
solid interface in an electrochemical environment, a variety of microscopic and
surface-sensitive spectroscopic techniques can be used to probe that interface
from the upper side. Our study examines some of the fundamental issues in
such a set-up. We have built an electrochemical micro-reactor cell enclosed by
a SLG membrane. The double layer thickness is varied controllably by changing



Surface Science Division (O)

Thursday

the pH of the aqueous NaOH solution. Since our SLG is not doped via any sup-
port or contaminants, the changes occur only due to doping from applied electric
field. KPFM measurements are used to monitor the shift of Fermi-energy. Due
to cleanliness of our technique, the result can be described fairly well by a model

considering the applied electrochemical potential, modified by the capacitative
drop in the EDL. Differences between experimental values and those predicted
by the model can be explained by electrochemical doping during the evolution
of O2 and H2.
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0951 Thul0:30 P

Single-atom electron paramagnetic resonance in a scanning tunneling micro-
scope driven by a radiofrequency antenna at 4 K — «STEPAN Kovarik', Tom S.
SEIFERT', DOMINIK ]URASCHEKZ, NICOLA A. SPALDIN, SEBASTIAN STEPANOW ',
and PIETRO GAMBARDELLA! — 1Department of Materials, ETH Ziirich, Switzer-
land — “Harvard John A. Paulson School of Engineering and Applied Sciences,
Harvard University, USA
Combining electron paramagnetic resonance (EPR) with scanning tunneling
microscopy (STM) enables detailed insight into the interactions and magnetic
properties of single atoms on surfaces [1]. A requirement for EPR-STM is the
efficient coupling of a microwave excitation to the tunnel junction. Here, we
present a coupling efficiency of the order of unity by using a radiofrequency
(RF) antenna placed parallel to the STM tip [2]. This highly efficient coupling
allows us to observe the EPR of individual atoms on an MgO surface routinely
at 4 K. Using this technique, we perform a systematic study of the EPR of Fe
and hydrogenated Ti atoms on MgO, comparing different tunneling parameters,
frequency, and magnetic field sweeps as well as amplitude and frequency mod-
ulation in order to maximize the EPR signal. We interpret the data based on
density functional theory and charge transfer multiplet calculations, revealing
the important role of the tip magnetic field in EPR-STM [3].

[1] S. Baumann, et al., Science 350, 417 (2015).

[2] T. S. Seifert, et al., Phys. Rev. Research 2, 013032 (2020).

[3] T. S. Seifert, et al., Sci. Adv. 6, eabc5511 (2020).

0952 Thul0:30 P
Exploring inelastic electron tunneling with functionalized STM tip using
cluster Hubbard model — ¢DARIA MEDVEDEVA and JINDRICH KOLORENC —
Institute of Physics, Czech Academy of Sciences, Na Slovance 2, Prague 8, Czech
Republic
Inelastic electron tunneling spectroscopy (IETS) is a widely used experimental
technique to explore vibrations and magnetic excitations of atoms and molecules
adsorbed on metal surfaces [1]. Functionalization of the STM tip, for instance by
attaching a magnetic molecule to it, introduces spin sensitivity and expands the
possibilities of the scanning-probe technique [2]. We use a co-tunneling theory
of STM-IETS [3] to investigate how a nickelocene-terminated tip (Nc-tip) senses
excitations in a magnetic system (atom, molecule, cluster of atoms) adsorbed on
a surface. In our approximation, the Nc molecule on the tip and the object on
the surface are modeled by a cluster Hubbard model (one site for each magnetic
atomic shell). We reproduce the spectra measured in STM experiments where
the object on the surface was Nc molecule [4] or Fe atom (spin 3/2 with an out-
of plane easy axis) [3], and predict spectra for several more complex magnetic
systems. In particular, we compare cases with in-plane and out-of-plane easy
axis.
[1] J.D.Langan, PX.Hansma. Surf. Science 52, Issue 1, pp. 211-216, Sept. (1975).
[2] K.W. Hipps, U. Mazur. Inelastic Electron Tunneling Spectroscopy (2006).
[3] B. Verlhac et al. Science 366, 6465, pp. 623-627 (2019).
[4] E Delgado and J. Fernandez-Rossier. PRB 84, 045439 (2011).

0953 Thul0:30 P
Engineering of Fe Spin Excitation on NaCl — eSHINJAE Nam"?, Jinon
]UNGI’4, CHRISTOPH WOLF1’3, ANDREAS HEINRICH1’2’3, and JUNGSEOK Cuag™?
— !center for Quantum Nano Science — *Physics department, Ewha Womans
University — >Ewha Womans University — *Physics of department, KAIST
For scanning tunneling microscopy (STM) study of single magnetic atoms, a de-
coupling thin layer of Cu2N and MgO have been widely used to isolate magnetic
atoms from the conducting substrate. However, NaCl wasn’t commonly used for
single magnetic atom even though it has been widely used for decoupling layer
of single organic molecules.

Here, we investigated the electronic and magnetic properties of single Fe
atoms absorbed on NaCl thin film on the Au (111) substrate depending on its ab-
sorption sites using STM. Notably, the Fe atoms are adsorbed on the interstitial
bridge site of NaCl after deposition, while density functional theory (DFT) cal-
culations indicate the Cl-top site as a preference absorption site. We confirmed
the dynamic absorption process by atomic manipulation and simulation using
DFT calculations. Moreover, Fe on the interstitial bridge shows an apparent step-
wise increase at 23 meV, as expected for a spin-excitation. The DFT+multiplet
calculation reproduces the spin excitation energy of Fe at the interstitial bridge
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of 3d7 electronic configuration with spin 3/2. Interestingly, the Fe at interstitial
bridge has in-plane magnetic anisotropy due to the large transverse crystal field
and its ground spin 1/2 two level system might be utilized as a qubit.

0954 Thul0:30 P
Electronic property of organic multilayers: Vanadyl phthalocyanine on
Titanyl phthalocyanine monolayer/Ag(001) — Kyungju Nou'?, Luciano
COLAZZOZ, ANDREAS HEINRICH ", FABIO DONATII'Z, and «YUJEONG Bag? —
! Department of Physics, Ewha Womans University, Seoul, Republic of Korea —
2Center for Quantum Nanoscience, Institute for Basic Science, Seoul, Republic
of Korea
In this study, we identify orbital energy levels of Vanadyl phthalocyanine (VOPc)
on Ag(001) with Titanyl phthalocyanine (TiOPc) interlayer by scanning tunnel-
ing microscopy (STM). Comparative research of single VOPc with and without
molecular interlayer showed decoupling effect of the TiOPc monolayer. Using
conductance measurement, we resolved HOMO and LUMO of individual VOPc
molecules regularly spaced on one monolayer of TiOPc, whereas VOPc on bare
metal substrate was strongly coupled with the metal substrate. Moreover, VOPc
on TiOPc molecular layer has consistent adsorption direction. In this highly
organized structure, the VOPc molecules presumably preserve the spin, hence
representing a potential surface-absorbed molecular qubit.

0955 Thul0:30 P
Probing the anisotropy of g-factor of a single atom on a surface in vec-
tor magnetic fields — «THI HOoNG Bur®?, JINKYUNG Kim"2, WoN-JuN ]ANGS,
DEN1s KRYLOVI, SOONHYEONG LEEI, SANGWON YOONI, DEUNG-JANG CHOI4,
CHRISTOPH WOLFI, FERNANDO DELGADOS, CHris P. LUTZG, ANDREAS J.
Hemvricu>2, and YujeonG Bae? — !Center for Quantum Nanoscience, In-
stitute for Basic Science, Seoul, South Korea — *Department of Physics, Ewha
Womans University, Seoul, South Korea — 3Nano Electronics Lab, Samsung Ad-
vanced Institute of Technology, Suwon 13595, South Korea — *Material Physics
Center (UPV/EHU), 20018 Donostia-San Sebastian, Spain Donostia Interna-
tional Physics Center (DIPC), Spain — SInstituto de estudios avanzados IUDEA,
Departamento de Fisica, Universidad de La Laguna, 38203, Tenerife, Spain —
SIBM Almaden Research Center, San Jose, CA 95120, USA
Combining the electron spin resonance with the scanning tunneling microscope
enables us to approach to the quantum states of single atoms on a surface with
the energy resolution of sub-nano electron volts [1]. Here, we report the huge
anisotropy of a hydrogenated titanium (Ti) atom at a lower symmetry binding
site on MgO/Ag(100) studied using a mK ESR-STM in a vector magnetic field.
We were able to determine the three components of g-factor. Interestingly, we
observed the magnitude of the ESR signal significantly changes depending on the
angle of the external magnetic vector, which can be attributed to the correlation
between the relative orientation of the tip spin and the Ti spin. [1] S. Baumann
et al., Science 350, 417 (2015)

095.6 Thul0:30 P
Probing magnetic excitation of a spin spiral — sHUNG-HSIANG YaNG',
MASAYUKI HAMADAZ, Yasuo YosHipa® , and Yukio HASEGAWA?
1Physikalisches Institut, Karlsruhe Institute of Technology, Wolfgang-Gaede-Str.
1, Karlsruhe, 76131, Germany — *Institute for Solid State Physics, University of
Tokyo, 5-1-5, Kashiwa-no-ha, Kashiwa, Chiba 277-8581, Japan — 3Department
of Physics, Kanazawa University, Kakuma-machi, Kanazawa 920-1192, Japan
Magnetic excitation due to inelastic electron scattering plays a crucial role in
spintronics devices concerning the spin lifetime of polarized electrons and the
amount of spin transfer torque for switching magnetic configurations in mag-
netic tunnel junctions. One of the fundamental processes is magnon creation,
which occurs when injected hot electrons induce spin-flip scattering of the mag-
netic material. To image and address the magnetic origin of the excitations,
we have performed low-temperature spin-polarized inelastic electron tunneling
spectroscopy (IETS) on double layer Mn thin films formed on W(110) substrate.
The atomically-thin magnetic layer exhibits a homogeneous spin spiral with
antiferromagnetic coupling, which provides a good reference for spin-polarized
scanning tunneling microscopy (STM). Characteristic peak-dip features in IETS,
as well as their correlation with the spin spiral, are acquired. Additionally, we
have observed contrast reversal in the IETS intensity when the tip magnetiza-
tion direction is flipped, indicating that the excitation is spin-dependent and
thus presumably due to magnon creation.



Surface Science Division (O)

Thursday

0 96: Poster Session VII: Poster to Mini-Symposium: Frontiers of electronic-structure theory IV

Time: Thursday 10:30-12:30

096.1 Thul0:30 P
Electronic structure of 3-SiAION: effect of Al/O doping and of finite temper-
ature — *SALEEM AYAZ KHANl, ONDRE]J SIPRZ, JIRI VACKARZ, RoBIN NIKLAUS3,
PETER | SCHMIDT4, WOLEGANG SCHNICK® , and JAN MiNarR' — 1University of
West Bohemia, Czech Republic — *Institute of Physics of the Czech Academy
of Sciences — LMU Munich, Germany — 4Lumileds Development Center,
Aachen, Germany
Electronic structure of a series of ordered and disordered 3-Sig_,Al,O,Ng_, sys-
tems is investigated by means of ab initio calculations, using the FLAPW method
as implemented in the wien2k code and Green function KKR method as imple-
mented in the spr-kkr code. Finite temperature effects are included within the
alloy analogy model. We found that the trends with the Al/O doping are sim-
ilar for ordered and disordered structures. The electronic band gap decreases
with increasing z by about 1 eV when going from z=0 to z=2. The optical gap
decreases analogously as the electronic band gap. The changes in the density of
states (DOS) at Si and N atoms introduced by doping f3-Si3N, with Al and O
are comparable to the DOS at Al and O atoms themselves. The bottom of the
conduction band in 3-Sig_,Al,O,Ng_, is formed by extended states residing on
all atomic types. Increasing the temperature leads to a shift of the bottom of
the conduction band to lower energies. The amount of this shift increases with
increasing doping z.

0962 Thul0:30 P

A Bethe-Salpeter equation and a GW approach with electron-phonon cou-
pling: from exciton binding energies to charge mobilities. — «PA0LO UMARI
— University of Padova, Padova, Italy
e have introduced a simple scheme in order to account for the coupling with
longitudinal phonons within the first-principles Bethe-Salpeter approach based
on many-body perturbation theory. This allows to evaluate the reduction of ex-
citon binding energies observed in polar semiconductors. The electron-phonon
coupling is modelled from the macroscopic dielectric response in the infrared
which, in turn, is calculated through density functional perturbation theory. In
this way, the additional computational cost determined by our method is negli-
gible. I will first illustrate our approach in the case of bulk ZnS and show how
the excitonic series of bulk Cu20 is well reproduced[1]. The method could clar-
ify the role of dielectric screening in hybrid perovskites yielding exciton binding
energies in agreement with experiment[2]. Finally, I will discuss the extension
of our method to GW calculations and I will show how the renormalisation of
band-gaps and effective masses, and electron and hole mobilities can be easily
calculated. Results for the hybrid perovskite MAPDI3 are in agreement with the
most accurate calculations which include explicitly the coupling with phonons.

[1]L. Adamska and P. Umari, Phys. Rev B accepted (2021) [2]P. Umari, E.
Mosconi, F. De Angelis, J. Phys. Chem. Lett. 9, 620 (2018).

096.3 Thul0:30 P
Sticking coefficient for atoms scattering off metallic surfaces — «CELsSO RI-
CcARDO CALDEIRA REGO — Institute of Nanotechnology KIT
Achieving a complete understanding of the quantum dynamical processes aris-
ing when an atom approaches a metallic surface remains a challenge in surface
physics. Conventional approaches based on the Born-Oppenheimer approxima-
tion become inapplicable when some charge is transferred between the surface
and the adatom, and the resulting image-charge potential accelerates the particle
towards the surface. Here, we solve the time-dependent Schrodinger equation to
compute the electronic contribution to the sticking coefficient for a generalized
version of the Anderson-Newns Hamiltonian and obtain adsorption probabil-
ities as large as 15%. Numerical simulations demonstrate that the creation of
low-energy electron-hole pairs is an efficient dissipation mechanism that may
absorb kinetic energy from the incident particle to cause adsorption. The re-
cently proposed exact-factorization formalism affords a physical interpretation
of the results.

0964 Thul0:30 P
The electron-phonon scenario of superconductivity of LiBi — eSyLwia
GuTowska', BARTEOMIE] WIENDLOCHA', KAROLINA GORNICKA®, MICHAL
WINIARSKIZ, ‘WEIWEI XIE3, ROBERT]. CAVA4, and Tomasz KLiMmczuk? — 'AGH
University of Science and Technology in Krakow, Poland — *Faculty of Ap-
plied Physics and Mathematics, Gdansk University of Technology, ul. Naru-
towicza 11/12, 80-233 Gdansk, Poland — *Department of Chemistry, Louisiana
State University, Baton Rouge Louisiana 70803, United States — 4Departmen’c of
Chemistry, Princeton University, Princeton, New Jersey 08544, United States
The electron-phonon interaction scenario of superconductivity is investigated in
case of LiBi, which is a compound made of the lightest and the heaviest elemen-
tal metal and which hosts the tetragonal structure with squared sublattices of Bi,
unusual for Bi-based compounds, that prefer the hexagonal type of sublattices
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due to the 3 valence electrons of 6p nature of bismuth. Such a simple structure
is a perfect candidate for an investigation in details of the influence of the elec-
tronic as well as the phonon structure on the electron-phonon interaction and
the superconductivity. After that, we compare the results in terms of electron-
phonon coefficient and critical temperature to the experimental values. We also
study the isotope effect and the influence of external pressure on the structure
and superconductivity of this compound.

096.5 Thul0:30 P
Energy gap closure of crystalline molecular hydrogen with pressure —
oVITALY GORI«:Lovl, MARKUS HOLZMANN2’3, Davip M. CEPERLEY4, and CARLO
PrerLEONT> — !Université Paris-Saclay, UVSQ, CNRS, CEA, Maison de la
Simulation, Gif-sur-Yvette, France — 2Univ. Grenoble Alpes, CNRS, LPMMC,
Grenoble, France — 3 Institat Laue-Langevin, Grenoble, France — 4Department
of Physics, University of Illinois Urbana-Champaign, USA — >Department of
Physical and Chemical Sciences, University of L*Aquila, L*Aquila, Italy
We study the gap closure with pressure in Phases III and IV of molecular crys-
talline hydrogen. Nuclear quantum and thermal effects are considered from
first principles with Coupled Electron Ion Monte Carlo. The fundamental elec-
tronic gaps are obtained from grand-canonical Quantum Monte Carlo methods
properly extended to quantum crystals. Nuclear zero point effects cause a large
reduction in the gap (~2eV). As a consequence the fundamental gap closes at
530GPa for ideal crystals while at 360GPa for quantum crystals. Since the direct
gap remains open until * 450GPa, the emerging scenario is that upon increasing
pressure in phase III (C2/c-24 crystal symmetry) the fundamental (indirect) gap
closes and the system enters into a bad metal phase where the density of states
at the Fermi level increases with pres- sure up to ~450GPa when the direct gap
closes. Our work partially supports the interpretation of recent experiments in
high pressure hydrogen.

096.6 Thul0:30 P
gauge-covariant derivatives of the Berry curvature and orbital moment
by Wannier interpolation — «X1A0XIONG Liv', MiGueL ANGEL HERRERA?,
STEPAN TsIRKIN', and Ivo Souza® — 'Department of Physics, University of
Zurich — *Centro de Fisica de Materiales, Universidad del Pais Vasco
The momentum-space derivatives of the Berry curvature Q and intrinsic or-
bital magnetic moment m of the Bloch states arise in multiple problems, such
as the nonlinear anomalous Hall effect [1] and magneto-transport within the
Boltzmann-equation formalism [2]. To study them from first principles, we de-
veloped a Wannier interpolation scheme for evaluating "generalized derivatives"
of the non-Abelian Q) and m matrices for a group of bands of interest.

The generalized derivative does not involve couplings within the group, and
preserves the gauge covariance of the Q) and m matrices. This formulation leads
to robust *Fermi-sea* formulas for the Berry curvature dipole [1] and kinetic
magnetoelectric effect tensor [2], which converge much faster with the density
of the integration k-grid than the *Fermi-surface* formulas implemented earlier
[3] in the Wannier90 code. The implementation is done in our newly-developed
code WannierBerri [4]. We demonstrate the method with ab initio calculations
on real materials, as well as tight-binding toy models.

[1] Sodemann et al, PRL 115 (2015): 216806.
[2] Zhong et al, PRL 116 (2016): 077201.

[3] Tsirkin et al, PRB 97 (2018): 035158.

[4] wannier-berri.org

096.7 Thul0:30 P
Soft-mode enhanced type-1 superconductivity in LiPd,Ge — «GABRIEL
KUDEROWICZI, KAROLINA GéRNICKAZ, EL1ZABETH M. CARNIC0M3, KamiL
KUTORASINSKII, Tomasz KLIMCZUKZ, ROBERT J. CAVA3, and BARTLOMIE]
WienpLocaa! — 'Faculty of Physics and Applied Computer Science, AGH Uni-
versity of Science and Technology, Aleja Mickiewicza 30, 30-059 Krakéw, Poland
— 2Faculty of Applied Physics and Mathematics and Advanced Materials Centre,
Gdansk University of Technology, Narutowicza 11/12, 80-233 Gdansk, Poland —
3Department of Chemistry, Princeton University, Princeton, New Jersey 08544,
USA
Recently synthesized intermetallic compound LiPd, Ge exhibits superconductiv-
ity below T.=1.96 K. It belongs to the Heusler family which consist of more
than 1000 compounds with various kinds of physical properties. Following
the discovery of LiPd,Ge we synthesized isostructural and isoelectronic LiPd, Si
and LiPd,Sn. In this work we present DFT calculations of electronic structure,
phonons and electron-phonon coupling. All three compounds have strong soft-
ening of the first acoustic mode. LiPd, Ge has mostly pronounced softening and
the highest value of the electron-phonon coupling constant A = (0.53-0.56) and
highest T.. Therefore, we suggest the correlation between superconductivity and
the soft mode. We were looking for sources of phonon instabilities and observed
deviations from harmonic potential.



Surface Science Division (O)

Thursday

0 97: Poster Session VII: Poster to Mini-Symposium: Molecular scale investigations of liquid-vapor
interfaces Il

Time: Thursday 10:30-12:30

097.1 Thul0:30 P
Interfacial Water Ordering Is Insufficient to Explain Ice-Nucleating Protein
Activity — +MaX LUKAsl, RALPH SCHWIDETZKYI, ANNA T. KUNERTZ, ELLEN
H.G. BACKU51’3, ULRICH PGSCHLZ, JANINE FRGHLICH—NOWOISKYZ, MiscHA
Bonn!, and Konrap MErsTERY — Max Planck Institute for Polymer Re-
search, Mainz, Germany — 2Max Planck Institute for Chemistry, Mainz, Ger-
many — >University of Vienna, Vienna, Austria — *University of Alaska South-
east, Juneau, United States
Bacterial ice nucleation proteins (INPs) are the known to be the most efficient
ice nucleators known. Here we study the solution structure of INPs from Pseu-
domonas syringae and find that there is no significant conformational change
upon cooling. In contrast, upon heating on temperature exceeding ~55 °C the
structure changes irreversibly, accompanied by a complete loss of ice nucleation
activity. Structural ordering of interfacial water as it is observed by nonlinear
sum-frequency generation (SFG) spectroscopy upon cooling is similar for active
and heat-inactivated protein solutions. Our results demonstrate that the INPs’
outstanding ice nucleation efficiency can not sufficiently be explained with in-
creased water ordering at low temperatures and that the intact 3D protein struc-
ture is crucial for the underlying mechanism - taken altogether pointing to the
importance of supramolecular interactions.

0972 Thul0:30 P
Photon impact induced luminescence spectroscopy of a liquid microjet
— «DanA Bross! , ANDREAS HANsl, CHRISTIAN OzGA' , PHILIPP SCHMIDTI,
XAVER HOLZAPFELI, ARNO EHRESMANNI, PETR SLAVfCEKz, BERND WINTERS,
and AnDRE Knie! — 'Institut fir Physik und CINSaT, Universitat Kassel,
Heinrich-Plett-Strafle 40, 34132 Kassel, Germany — 2Department of Physical
Chemistry, University of Chemistry and Technology Prague, Technicka 5, 16628
Prague, Czech Republic — *Helmholtz-Zentrum Berlin fiir Materialien und En-
ergie, Methods for Material Development, Albert-Einstein- Strafle 15, 12489
Berlin, Germany
Liquids and especially liquid water have been subject to intense research for
a long time due to their role in many chemical and biological systems. How-
ever, the investigation of liquid targets with fundamental methods of atomic and
molecular physics, such as soft X-ray induced fluorescence spectroscopy, were a
big challenge due to the required vacuum conditions. With the development of
the liquid microjet technique the investigation of pure liquids or solutions after
irradiation with synchrotron radiation became possible, which allows the explo-
ration of the electronic structure of such complex systems. Here we present our
results of dispersed luminescence from liquid water and demonstrate the possi-
bilities of this detection method using this prototype system. One of the observed
emission could be assigned to gas phase excited by Auger electrons escaping the
liquid-vapor interface.

Location: P

0973 Thul0:30 P
Structure of Aqueous Solutions via X-ray spectroscopies based on non-local
Auger processes — *Eva MucHOVA and PETR SLAVICEK — Department of Phys-
ical Chemistry, University of Chemistry and Technology, Prague, Czech Repub-
lic
Novel Auger-type X-ray spectroscopies are bringing new insights in the struc-
ture and electronic properties of aqueous solutions. It allows studying the chem-
ical environment in solutions, e.g. the mutual effects of ions and solvent on each
other, as well as ultrafast processes following ionization. The spectroscopy is also
depth-sensitive and can reveal structural changes in interfaces. Sensitivity to ion
pairing is achieved mainly by analysis of secondary electron spectroscopies, es-
pecially when newly identified non-local electron decay processes. The experi-
ments, however, require a complex theoretical interpretation. In the contribu-
tion, we can show for a series of Na+, Mg2+ and Al3+ ions how the non-local
Auger spectroscopy (mainly intermolecular Coulomb decay process, ICD) can
provide details of speciation, e.g. show different type of interaction between ions
and between ions and solvent. We can further discuss recent development of
theoretical toolkit for non-local processes which we combine with multiscale
methods like QM/MM or QM:QM in order to realistically model the environ-
ment.

0974 Thul0:30 P
Kinetics of Nano-Droplet Halide Emission from Salty Interfaces — «PHILIP
LOCHEI, Douwer]J. BONTHUISZ, and RoLaND R. Netz! — !Fachbereich Physik,
Freie Universitdt Berlin, 14195 Berlin, Germany — 2Institute of Theoretical and
Computational Physics, Graz University of Technology, 8010 Graz, Austria
Ozone is one of many atmospheric trace gases whose presence is crucial for sus-
taining life on earth. Most of the ozone is located in the stratosphere (12 km -
55 km) where it absorbs short-wave radiation from the Sun and thus protects
living organisms from potentially fatal genetic damage. Ozone depletion espe-
cially in the arctic can lead to temperature changes and influence the South-
ern Hemisphere mid-latitude circulation. The ozone concentration in the lower
atmos-phere is correlated with the halide concentration which is emitted from
seawater.

Here, we use molecular simulations to study the kinetics of Cl- by the evapo-
ration from the air-water interface. We show that the emission of ions is a 2-state
process. First hydrated ions are emitted, forming water fingers with the surface
up to a distance of ~2 nm from the Gibbs dividing surface. If ions overcome this
distance, they lose their hydration shell after ~20 nanoseconds and distances of
several ym. From the determined reaction rate coefficient of evaporation we ob-
tain the total flux of chloride ions per year from the earth’s ocean and estimate
that it would take roughly 90 years until the current chloride concentration in
the lower atmosphere is reached.

0 98: Annual Meeting of the Surface Science Division

Time: Thursday 13:00-13:30

Topics: Report of the Chairman; Elections; Miscellaneous

Location: R1

0 99: Gerhard Ertl Young Investigator Award: Finalists session

Time: Thursday 13:30-15:30

099.1 Thul13:30 Rl
Magnetic resonance imaging in a scanning tunneling microscope — «PHILIP
WILLKE1’2’3’4, APARAJITA SINGHA2’3, XUE ZHANG2’3, Kar YANG4, YUJEONG
BAE2’3’4, TANER ESAT2'3, CHRISTOPHER LUTZ4, ANDREAS HEINRICH2’3, and
TaevounG Cror>® — 'Karlsruhe Institute of Technology, Physikalisches In-
stitute, Karlsruhe, Germany — 2IBS Center for Quantum Nanoscience, Seoul,
Republic of Korea — *Ewha Womans University, Seoul, Republic of Korea —
4IBM Almaden Research Center, San Jose, USA
Combining electron spin resonance (ESR) with scanning tunneling microscopy
(STM) allowed for spin resonance experiments on individual atoms on sur-
faces[1], for remote sensing of atomic spins[2] and for accessing the nuclear spin
of single atoms in an STM([3]. In this talk, we focus on the interaction of the
atomic spin system on the surface with the magnetic STM tip. We show that the
tip field allows to tune the system into resonance similar to the external magnetic
field, and can even fully replace the latter[4]. By utilizing this tip magnetic field,
we establish magnetic resonance imaging of single atoms[5], exceeding the spa-
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tial resolution of other scanning field-gradient techniques by one to two orders of
magnitude. We find that MRI scans of different atomic species and with different
probe tips lead to unique resonance images revealing the magnetic interaction
between tip and atom. [1] Baumann et al., Science, 350, 417-420 (2015). [2] Choi
et al., Nat. Nano 12, 420-424(2017). [3] Willke et al., Science 362, 336-339 (2018)
[4] Willke, Singha, Zhang et al., Nano Lett. 19, 8201-8206 (2019) [5] Willke et
al. Nat. Phys. 15, 1005-1010 (2019).

099.2 Thu14:00 RI1
Ab-initio studies of exciton g factors: Monolayer transition metal dichalco-
genides in magnetic fields — «THORSTEN DEILMANN, PETER KRUGER, and
MiIcHAEL ROHLFING — Institute of Solid State Theory, University of Miinster,
Germany
The effect of a magnetic field on the optical absorption in semiconductors has
been measured experimentally and modeled theoretically for various systems in
previous decades. We present a new first-principles approach [1] to systemat-
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ically determine the response of excitons to magnetic fields, i.e. exciton g fac-
tors. By utilizing the GW-Bethe-Salpeter equation methodology we show that g
factors extracted from the Zeeman shift of electronic bands are strongly renor-
malized by many-body effects which we trace back to the extent of the excitons
in reciprocal space. We apply our approach to monolayers of transition metal
dichalcogenides (MoS,, MoSe,, MoTe,, WS,, and WSe,) with strongly bound
excitons for which g factors are weakened by about 30%.

[1] Phys. Rev. Lett. 124, 226402 (2020)

0993 Thul4:30 RI1
Manipulating charge states of individual molecules on insulators — «SHADI
FATAYER, FLORIAN ALBRECHT, NIKOLAJ MOLL, and LEO GRoss — IBM Research
- Zurich
The physicochemical properties of molecules adsorbed on surfaces are charge-
state dependent. Insulating films serve as an ideal platform to study the physics
and chemistry of charged molecules, because these films avoid charge leakage.
However, investigating individual charged molecules on insulators is experimen-
tally challenging. The atomic force microscope (AFM), operable on insulating
substrates and capable of single-electron sensitivity and atomic resolution, is
suitable to be used with insulators. Here, I will present how different aspects
of charged molecules can be accessed with the AFM: (i) How using the AFM
as a single-electron current meter allows for tunneling spectroscopy to be per-
formed on insulators and electron-transfer properties probed, (ii) how molecules
in excited states can be prepared, (iii) how reversible chemical reactions can be
performed via charging molecules and (iv) the insights gained via resolving the
atomic structure of individual molecules in different charge states.

0 100: Mini-Symposium:

Time: Thursday 13:30-15:30

Paper discussion 0100.1 Thu13:30 R2
Broad spectral tuning of ultra-low-loss polaritons in a van der Waals crystal
by intercalation — +PABLO ALONSO-GONZALEZ — University of Oviedo
Phonon polaritons (PhPs) -light coupled to lattice vibrations- hold great
promises for an unprecedented control of the flow of energy at the nanoscale be-
cause of their strong field confinement and long propagation. Moreover, recent
experiments in polar van der Waals (vdW) crystals such as h-BN and alfa-MoO3,
have demonstrated PhPs with anisotropic propagation, and ultra-long lifetime
in the picosecond range. However, a main drawback of these PhPs is the lack
of tunability of the narrow and material-specific spectral range where they exist
(the so-called Reststrahlen Band (RB)), which severely limits their implemen-
tation in nanophotonics technologies. Here, we demonstrate that intercalation
allows for a broad spectral shift of RBs in a vdW crystal, and that the PhPs ex-
cited within them show ultralow losses (lifetime of 5 ps) similar to PhPs in the
non-intercalated crystal (lifetime of 8 ps). As a difference to previous attempts,
which fail in keeping the polaritonic activity of the intercalated compound, our
results are possible by employing an intercalation method based on single crys-
tal growth, that we carried out in the vdW semiconductor alfa-V205, thereby
also adding a new member to the library of vdW materials supporting PhPs. We
expect this intercalation method to be applied in other vdW materials, open-
ing the door for the use of PhPs in broad spectral bands that eventually cover the
whole mid-IR range, which seems to be elusive with currently known polaritonic
materials.

Paper discussion with expert panel members
Prof. S. Law (U Delaware), Prof. M. Raschke (JILA, UC Boulder), Prof. Y. Abate
(U Georgia) and Prof. L. Wehmeier (TU Dresden)

0100.2 Thul4:15 R2
Configure phonon polaritons in van der Waals materials — «S1yuan Dar —
Auburn University, Auburn, United States
The manipulation of light at small scales is one of the ultimate goals for nanopho-
tonics. For this purpose, polaritons * hybrid light-matter waves that propagate
in a confined length scale * are typically involved. Recent results of polaritons in
van der Waals materials reveal a series of advances, including atomic scale local-
ization, dynamic tunability, relative low-loss and topologically protected states.
These advances are attributed to the unique physical properties in reduced di-
mensions and the configurability through van der Waals structuring and stack-
ing. In this talk, I will show new merits of phonon polaritons that can be ob-
tained through van der Waals configuration. I will talk about the tunability im-
plemented into phonon polaritons by van der Waals heterostructuring hexagonal
boron nitride with graphene and vanadium dioxide, where the polaritons can be
tuned dynamically and reversibly via electrostatic gating and temperature con-
trol. I will also talk about the geometry and topology configuration of phonon
polariton wavefront by twisting stacked slabs of molybdenum trioxide.
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0994 Thul5:00 RI1
Probing surface electronic structure and reaction intermediates in situ —
*KELSEY STOERZINGER — Oregon State University, Corvallis, Oregon USA —
Pacific Northwest National Laboratory, Richland, Washington USA
Catalysts are important constituents in numerous energy conversion and storage
processes. Rational design of catalysts with greater activity for higher efficiency
devices requires an understanding of the material surface’s electronic structure
in situ, as well as the reaction intermediates involved.

Many surface science techniques, such as X-ray photoelectron spectroscopy
(XPS), collect information from inherently surface-sensitive low-energy pro-
cesses, requiring operation in ultrahigh vacuum. This constraint is lifted for
ambient pressure XPS, which can probe the surface in equilibrium with the gas
phase at pressures up to ~a few Torr, or with thin liquid layers using a higher
incident photon energy. I will discuss the insights obtained with this technique
regarding the electronic structure of well-defined epitaxial oxides in equilibrium
with a gaseous atmosphere of small molecules (e.g. 02, H20, CO2, CH30H,
NO), the adsorption of such species, and their subsequent transformation upon
driving a desired reaction by heat, voltage, or additional reactant. Adsorption
and reactivity can be manipulated by the oxide composition and electronic struc-
ture, crystallographic orientation, strain, and local environment in amorphous
materials. This molecular-level understanding of interfacial interactions can
guide the rational design of high-surface-area oxide catalysts for technical ap-
plications.

Infrared nano-optics Il

Location: R2

0100.3 Thul14:30 R2
Charge-transfer plasmon polaritons at graphene/a-RuCl3 interfaces —
«DANIEL J. RIZZOI, B.S. ]ESSENI, Z. SUNI, EL. RUTAI, ]. ZHANGZ, ].-Q. YAN3’4,
L. XIANZ, A.S. MCLEODI, M.E. BERKOWITZI, K. WATANABE5, T. TANAGUCHIS,
S.E. NAGLER4, D.G. MANDRU53’4, A. RUBIOZ, M.M. FOGLERG, All. MILLISI, ]J.C.
HONEI, C.R. DEan! ,and D.N. Basov! — !Columbia University, New York, NY
— *Max Planck Institute, Hamburg, German — >Univ. of Tennessee, Knoxville,
TN — *Oak Ridge National Laboratory, Oak Ridge, TN — *NIMS, Japan —
SUCSD, San Diego, CA
Charge transfer at the interface of two atomically-thin layers with different work
functions offers a means of tuning 2D charge densities without the inherent limi-
tations of traditional electrostatic gates that possess thick gate insulators. Specif-
ically, the large work function of the Mott insulator a-RuCl3 (6.1 eV) makes it
an ideal 2D electron acceptor.

In our study, we exploit this behavior to generate charge-transfer plasmon po-
laritons (CPPs) in graphene/a-RuCl3 heterostructures. Using near-field optical
microscopy we measure the CPP dispersion, yielding a quantitative measure of
the graphene Fermi energy (~0.6 eV) and thus the charge exchanged between a-
RuCl3 and graphene (~2.7x10713 cm-2). Concurrently, we observe dispersive
edge modes and internal circular CPPs which reveal abrupt (<50 nm) changes
in the graphene optical conductivity and charge density. Analysis of the CPP
losses implies the presence of emergent optical conductivity in the doped inter-
facial layer of a-RuClI3. These results have broad implications for the study of
highly-doped 2D materials.

Paper discussion 01004 Thul4:45 R2
Nanocavities and polaritons in twisted and indirectly nanostructured 2D ma-
terials — «FRANK KoPPENS — ICFO - The Institute of Photonics Sciences
Two-dimensional (2D) materials offer extraordinary potential for control of light
and light-matter interactions at the atomic scale. In particular, twisted 2D ma-
terials has recently attracted a lot of interest due to the capability to induce
moiré superlattices and discovery of electronic correlated phases. In this talk, we
present nanoscale optical techniques such as near-field optical microscopy and
photocurrent nanoscopy, and reveal with nanometer spatial resolution unique
observations of the optical properties of twisted 2D materials. We report on
the topological domain wall boundaries [1] of small-angle twisted graphene and
interband collective modes in charge neutral twisted-bilayer graphene near the
magic angle [2]. The freedom to engineer these so-called optical and electronic
quantum metamaterials is expected to expose a myriad of unexpected phenom-
ena.

We will also show record-small nanoscale polaritonic cavities [3,4], where the
resonances are not associated to the eigenmodes of the cavity. Rather, they are
multi-modal excitations whose reflection is greatly enhanced due to the interfer-
ence of constituent modes. We demonstrate mid-IR cavities with volumes more
than a billion below the free-space mode volume, while maintaining quality fac-
tors above 100.
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[1] Hesp et al., Arxiv 1910.07893;
[2] Hesp et al., Arxiv 2011.05060;
[3] Epstein et al., Science (2020);
[4] Herzig Sheinfux et al., in preparation

Paper discussion with expert panel members
Prof. J.D. Caldwell (Vanderbilt U), Prof. J. Khurgin (Johns Hopkins U), Prof. S.
De Liberato (U South Hampton) and Prof. M. Liu (Stony Brook U)

0 101: Poster Session VIII: Oxides and insulators: Adsorption and reaction of small molecules Il

Time: Thursday 13:30-15:30

0101.1 Thul13:30 P
Probing structural changes upon carbon monoxide coordination to sin-
gle metal adatoms — «PauL T. P. Rvan"??, MarTaias MEIER™, ZEDENEK
IAKUB3 , JAN BALAIKA4, JaN Hurva® , DAVID J. PAYNEZ, TieN-LIN LEEl, CESARE
FRANCHINT!, FRANCESCO ALLEGRETTI", GARETH S. PARKINSON", and DAVID A.
DuncaN' — 'Diamond Light Source, Didcot, OX11 0QX UK — 2Department
of Materials, Imperial College London, SW7 2AZ UK — 3Institute of Applied
Physics, TU Wien, Austria — *Faculty of Physics and Center for Computational
Materials Science, University of Vienna, Austria — 5Physics Department E20,
Technical University of Munich, 85748 Garching, Germany
The application of highly accurate, but yet computationally cheap, density func-
tional theory (DFT) calculations allows for the fine tuning of catalyst develop-
ment. However, it is necessary to have stringent benchmarks against which these
calculations are tested. In this work, the adsorption height of Ag adatoms on the
Fe;0,(001) surface after exposure to CO was determined using normal inci-
dence X-ray standing waves. CO coordinated Ag adatoms (Ag®®) were found to
be pulled out of the surface to an adsorption height of 1.15 + 0.08 A, compared
to the previously measured height of 0.96 +0.03 A for bare Ag adatoms[1]. Util-
ising DFT+vdW+U calculations with the substrate unit cell dimension fixed to
the experimental value, the predicted adsorption height for AgCO was 1.16 A, in
remarkably good agreement with the experimental results. [1] M. Meier et. al.,
Nanoscale 10, 2226 (2018)

01012 Thul3:30 P
Polarons in single atom catalysts: case study of Me,;=[Au;,Pt;,Rh;] on
TiO,(110) — +PANUKORN SomBUT', LENA HAAGER', MARLENE ATZMUELLER',
ZDENEK IAKUBI, MICHELE RETICCIOLIZ, MATTHIAS MEIERI’Z, GARETH S.
PARKINSON', and Cesare FrancHINI® — !Institute of Applied Physics, TU
Wien, Vienna, Austria — 2University of Vienna, Vienna, Austria — 3Universita
di Bologna, Bologna, Italy
Identification of the exact local environment of a single-atom catalyst (SAC) on
metal oxide surfaces is crucial for understanding the reactivity as well as the cat-
alytic properties of such systems. On TiO,(110), the stability and reactivity of
adsorbed adatoms is further complicated by the presence of Oxygen vacancies
and associated polaron charge, as both can affect the energetic, electronic con-
figuration and local geometry of adsorbed adatoms. In this work the adsorption
of group 9 to 11 transition metal adatoms (Rh, Pt and Au) are computationally
studied by means of density functional theory (DFT, plus on-site Hubbard U),
and compared with results obtained by experimental surface techniques such
as scanning tunneling microscopy (STM), for Rh;, and with available literature
(Au, and Pt;). Despite the many works on this subject, it is still unclear why Au
and Pt are experimentally observed to adsorb in the O vacancy, contrary to Rh.
By investigating the most stable adsorption site, oxidation state and the intermin-
gled interaction among adatoms, O vacancies and polarons our data attempt to
decipher the physical and chemical origin of the observed trend and to provide
a conclusive interpretation of the puzzling observation.

0101.3 Thul3:30 P
Direct assessment of the acidity of individual surface hydroxyls on
In,03(111) — s MARGARETA WAGNERI’Z, BERND MEYERS, MARTIN SETVIN1’4,
MICHAEL SCHMIDI, and ULrike DieBoLp! — !TU ‘Wien, Vienna, Austria —
2CEITEC BUT, Brno, Czech Republic — *FAU Erlangen-Niirnberg, Erlangen,
Germany — *Charles University, Prague, Czech Republic
Non-contact atomic force microscopy is a versatile tool to investigate properties
of individual atoms or molecules. Here we report a novel approach to determine
the acidity of individual surface hydroxyls, which is directly linked to the proton
affinity (PA) of the involved O atoms. The PA - the tendency to gain or lose a
proton - is crucial e.g. in acid-base catalysis and the electro- and photocatalytic
splitting of water.

The testcase of this study is the stoichiometric In,O3(111) surface, which
has four inequivalent surface O atoms O (a-8). Water dissociation leads to a
pair of OH groups: the surface OgH(f) and the water OyyH. The remaining
surface O atoms O(a, y, ) can be protonated via manipulation with the tip.
We probe the strength of their H bond with a functionalized tip of a nc-AFM
via F(z)-spectroscopy and find quantitative agreement with density-functional
theory (DFT) calculations. By relating the results to known PAs of gas-phase
molecules, we can calibrate our data and determine the PA of different surface
sites of In,05(111) with atomic precision. Measurements on hydroxylated TiO,
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and zirconia extend our method to other oxides. The trends of the site-specific
PA values agree well with the expectations based on area-averaging techniques.

01014 Thul3:30 P
Signatures of oxygen vacancies in Ols core level shifts — ALvARO PosADA-
BorBoN, NoeMI Bos1o, and sHENRIK GRONBECK — Chalmers University of
Technology, Gothenburg, Sweden
Density functional theory calculations are used to investigate Ols surface core
level shifts for MgO(100), ZnO(10-10), In203(111) and CeO2(111). Shifts are
calculated for the pristine surfaces together with surfaces containing oxygen
vacancies and dissociated H2 and H2O. Pristine surfaces show small negative
shifts with respect to the bulk components and oxygen vacancies are found to
have minor effects on the Ols binding energies of neighboring oxygen atoms.
OH-groups formed by H2 or H20 dissociation yield binding energies shifted to
higher energies as compared to the oxygen atoms in the bulk. The results exem-
plify the difficulties in assigning core-level shifts and suggest that assignments of
shifts in O1s binding energies to neighboring oxygen vacancies for the explored
oxides should be reconsidered.

0101.5 Thul3:30 P
Thermal stability and CO-induced mobility of single Pt adatoms sup-
ported on the o — Fe,0;(1102) surface — ALI RAFSANJANI-ABBASI', FLO-
RIAN KRAUSHOFERI, MoriTz EDERZ, JirI PAVELECI, LENA HAAGERI, GIADA
FRANCESCHII, MICHELE RIVAI, MICHAEL SCHMIDI, ULRIKE DIEBOLDI, and
GARETH S. PARKINSON' — !Institute of Applied Physics, TU Wien, Wiedner
Hauptstrafle 8-10/E134, 1040 Wien, Austria — “Chair of Physical Chemistry,
TU Miinchen, Lichtenbergstrafle 4, 85748 Garching, Germany
Pt-based catalysts are the most efficient catalysts for the hydrogen evolution re-
action and are also widely used for photocatalytic and CO-oxidation reactions.
However, the high cost of Pt and its susceptibility to carbon monoxide poisoning
are two drawbacks on its role as a catalyst. Downsizing catalyst clusters to single
atoms is an effective way to reach maximum efficiency, and so-called "Single-
Atom Catalysis” is now an important field of research [1]. Nevertheless, stabi-
lization of single Pt atoms on a support without compromising catalytic activity
is still a key challenge.

Here, we present a study of the thermal stability and CO-induced mobility of
single Pt atoms on the a — Fe,0;(1102) surface, at elevated temperatures and
in a CO-containing environment. Thermally-induced and CO-induced sinter-
ing of the Pt single atoms are traced by means of STM and XPS. In addition, in
time-lapse series the mobility and rearrangement of single Pt adatoms have been
determined with varying carbon monoxide pressure in the background.

1. G. S. Parkinson, Catal. Lett. 149, 1137 (2019).

0101.6 Thul3:30 P
Momentum for Catalysis: How Surface Reactions Shape the RuO, Flat Sur-
face State — VEDRAN ]OVICI’Z, ARMANDO CoNsIGLIO®, KEvIN E. SmiTa?,
CHRIS ]OZWIAKI, AARON BOSTWICKI, ELI ROTENBERGI, DomEeNico D1 SANTE3,
and «SiMoN Moser'> — !Advanced Light Source, USA — “GNS Science,
New Zealand — >Wiirzburg-Dresden Cluster of Excellence ct.qmat, Universitit
Wiirzburg, Germany — “Boston University, USA
The active (110) surface of the benchmark oxygen evolution catalyst RuO, spans
a flat-band surface state (FBSS) between the surface projections of its Dirac nodal
lines (DNL) that define the electronic properties of this functional semimetal.
Monitoring well known surface adsorption processes of H,, O,, NO and CO
by in-operando angle resolved photoemission spectroscopy, we selectively mod-
ify the oxidation state of individual Ru surface sites and identify the electronic
nature of the FBSS: Stabilized by bridging oxygen Oy, p,, the FBSS disperses
along <001> oriented chains of bridging Rubr 4d,, orbitals, collapses upon Oy,
removal, yet, remains surprisingly unaffected by the oxidation state of the under-
coordinated 1f-cus-Ru species. This directly reflects in the ability of RuO, (110)
to oxidize CO and H, along with its inability to oxidize NO, demonstrating the
FBSS’s active role in catalytic charge transfer processes at the oxygen bridge sites.
Our synergetic approach provides momentum resolved insights to the interplay
of a catalyst’s delocalized electronic band structure and the localized orbitals of
its surface reactants - a route towards a microscopic understanding of heteroge-
neous catalysis.
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0101.7 Thul13:30 P
Selective electrochemical reduction oxalic acid on anatase surfaces —
*GERGELY JuHAsz — Tokyo Institute of Technology, Tokyo, Japan
Direct electrochemical reduction of carboxylic acids to alcohols is rare and has
several potential applications such as raw material synthesis or energy storage.
We studied the mechanism of the recently reported electrochemical reduction of
oxalic acid on anatase nanoparticle surfaces. The questions we focused on were
why the reduction occurs only on one of the carboxylic groups, what would be
the necessary conditions to perform full 8 electron reduction, and why the reac-
tion occurs only on anatase surfaces.

Calculations with DFTB methods revealed that the molecules can be reduced
only on a carboxylic group that is not attached to the surface, and the other
group works as an anchor and stays electrochemically inactive. This explains the
preference for 4 electron reduction and the selectivity of the process. Further
calculations showed that the majority of titanium-oxide surfaces prefer to bind
both carboxylic groups of the oxalic acid, therefore they remain electrochemi-
cally inactive.

0101.8 Thul3:30 P

Surface reactivity to hydrogen of Ag- and Cu- modified CeO2 — STEFANIA
BENEDETTII, AVINASH VIKATAKAVII’Z, GIULIA RIGHII’Z, Paora LUCHESI, SER-

GIO D’ADDATol‘z, RitA MAGRII’Z, and ANNABELLA SELLONI — 1CNR, Insti-
tuto Nanoscienze, 41125 Modena, Italy — “Dipartimento di Fisica, Informatica
e Matematica, Universita’ di Modena e Reggio-Emilia, 41125 Modena, Italy —
3Department of Chemistry, Princeton University, Princeton, New Jersey 08540,
United States

In this work we investigate the H2 dissociation on Ag- and Cu- modified CeO2
surfaces to increase oxide activity for application in catalytic reactions in electro-
chemical devices to replace Pt. We have followed by XPS the Ag oxidation state,
the concentration of Ce3+ ions, O vacancies, and OH- groups during thermal
reduction cycles in H2 and in UHV of thin CeO2 films. As expected, the reac-
tivity of ceria toward H2 dissociation improves when Ag is included. However,
thermal treatment under H exposure decreases the concentration of Ce3+ ions
in Ag-modified ceria with respect to pure oxide in the same conditions, while the
number of surface O vacancies is larger for the Ag-modified surface [1]. Thanks
to DFT calculations, we explain this behavior in terms of a reduction of the sur-
face Ag, which acquires some of the extra electrons created by the O vacancies
and the adsorbed H atoms. Results are compared to films with substitutional Cu
atoms. In this case Ce3+ concentration increases by a factor of 2 compared to
pure oxide and activation temperature decreases to 570 K. [1] S. Benedetti et al,,
ACS Applied Materials & Interfaces, 2020, 12, 24, 27682-27690
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Measuring the Change in Reactivity of a Single Molecule — ¢Jack HENRYy,
PHIL BLOWEY, and ADAM SWEETMAN — University Of Leeds, Leeds, United
Kingdom
Decades of surface science studies on adsorbed molecules have shown the sur-
face a molecule is adsorbed on can effect the molecules electronic and geometric
structure [1-3]. In this work, the influence of molecule-substrate bonding on
the interactions experienced by a scanning probe microscope (SPM) tip were
investigated.

A system comprised of Cgy molecules adsorbed on the Cu(111) surface was
studied using simultaneous non-contact atomic force microscopy (NC-AFM)
and scanning tunnelling microscopy (STM). This system is ideal for invesitgating
the effect molecule-substrate bonding has on the physico-chemical properties of
a molecule as the Cg- Cu(111) interface can be controlled to form two distinct
structures [4-6]. The physico-chemical properties of the Cgy molecules were in-
vestigated using NC-AFM spectroscopy. A comparison was made by looking at
the force minima in collected spectra, along with the corresponding junction
conductance. Complementary ab initio simulations of the spectra were per-
formed in density functional theory (DFT) to gain a deeper understanding of
the experimental results.

[1] L. Gross et al. Science 325, 110 (2009); [2] J. Repp et al. PRL 94, 026803
(2005); [3] F Mohn et al. University Of Regensburg (2012); [4] W. Wu Pa et al.
PRL 104, 036103 (2010); [5] J. A. Larsson et al. PRB 77, 115434 (2008); [6] J.
Brand et al. Nano.Lett. 19, 7845-7851 (2019);

01022 Thul3:30 P
Identifying the Origin of Local Flexibility in a Carbohydrate Poly-
mer — eKELVIN ANGGARAl, YUNTAO ZHUZ, GIuLIO FITTOLAN12’4, YANG
YU2, THEODORE TYRIKOS-ERGASZA, MARTINA DELBIANCOZ, STEPHAN
RAUSCHENBACH'”, SABINE ABB', PETER SEEBERGER™, and Kraus KErN"’
— !Max Planck Institute for Solid State Research — “Max Planck Institute for
Colloids and Interfaces — >University of Oxford — *Freie Universitit Berlin —
SEcole Polytechnique Fédérale de Lausanne
Correlating structures and properties of a polymer to its monomer sequence is
key to understand how its higher hierarchy structures are formed and how its
macroscopic material properties emerge. Carbohydrate polymers, such as cellu-
lose and chitin, are the most abundant materials found in nature whose struc-
tures and properties have only been characterized at sub-micrometer level. Here,
by imaging single cellulose chains at nanoscale, we determine the structure and
local flexibility of cellulose as a function of its sequence (primary structure) and
conformation (secondary structure). Changing the primary structure by chemi-
cal substitutions and geometrical variations in the secondary structure allow the
chain flexibility to be engineered at the single linkage level. Tuning local flexi-
bility opens opportunities for the bottom-up design of carbohydrate materials.
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0102.3 Thul3:30 P
CoTPP molecules deposited on passivated Fe-(100)-p(1x1)O: a photoe-
mission tomography study — sDAvID JaNas', HENNING STURMEIT', [ULIA
COJOCARIUZ, VITALIY FEYERZ, STEFANO PONZONII, GIOVANNI ZAMBORLINII,
and Mirko CINCHETTI' — 'Experimentelle Physik VI, TU Dortmund, Otto-
Hahn-Strafle 2, 44227 Dortmund, Germany — 2Peter Griinberg Institut (PGI-6),
Forschungszentrum Jiilich, Leo-Brandt-Strafle, 52425 Jiilich, Germany
In order to enhance the performances of organic spintronic devices, a detailed
knowledge of the physical properties at the interface is crucial [1]. In this con-
text, photoemission tomography (PT), which combines ab-initio calculations
and angle-resolved photoelectron spectroscopy (ARPES), stands out as a power-
ful tool to unravel the orbital structure of molecular thin films at metal/organic
interfaces [2].

In our work we apply PT to investigate the interaction of paramagnetic
molecules, namely CoTPP, on the passivated Fe-(100)-p(1x1)O surface. Re-
cently, it was shown that the interactions at this interface lead to an emergent
magnetic ordering of the molecular layer. Here, we use PT to further character-
ize this intriguing system. In particular, we precisely determine the energy level
alignment at the interface, the nature of the frontier orbitals, and the azimuthal
orientation of the CoTPP with respect to the substrate.

[1] Cinchetti, M., Dediu, V. & Hueso, L. Activating the molecular spinterface.
Nature Mater 16, 507-515 (2017)

[2] Puschnig, P. et al. Reconstruction of molecular orbital densities from pho-
toemission data. Science 326, 702-706 (2009)

01024 Thul3:30 P
Orientation Dependent Charge Transfer: Heptacene on Coinage Metals
— ¢ANDREAS WINDISCHBACHERI, THOMAS GEORG BONEI, MARIE SOPHIE
SATTELEZ, HoLGer E BETTINGERZ, HEeiko PEISERTZ, THOMAS CHAsséZ, GEORG
Korrer', and PETER PuscuniG! — 'University of Graz, Graz, Austria —
2University of Tiibingen, Tiibingen, Germany
Over the past decade, pi-conjugated, aromatic molecules have gained increased
attention in material science as their electron donating or accepting nature can
be exploited to tune the charge rearrangement in hybrid organic-inorganic sys-
tems. Major research efforts have been directed towards the description of effects
related to this electron transfer between a surface and its adlayer, often focusing
on the metal’s workfunction and the adsorbate’s electron affinity.

In our contribution, we want to demonstrate the decisive impact of the adsor-
bate orientation on the charge transfer properties of a molecule-metal interface.
We utilize density functional calculations to simulate the adsorption of hep-
tacene, seven linearly fused benzene rings, on coinage metal surfaces M(110),
M=Ag, Cu. Considering various adsorption configurations and unit cells, we
elucidate the electronic structures of our systems, observing an unusually strong
dependence on the orientation of the molecule. Complementary photoemission
experiment data confirm the theoretical predictions.
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SE-IETS studies on CuCu4(shi)4 metallacrown complex — <ROBERT
RANECKI', STEFAN LACH!, ANGELIKI ATHANASOPOULOU, EVA RENTSCHLER?,
and CHRISTIANE ZIEGLER! — ' Dept. of Physics and Research Center OPTIMAS,
TU Kaiserslautern, Germany — “Inst. of Inorganic and Analytical Chemistry,
Johannes Gutenberg University Mainz, Germany
Exchange coupled magnetic centers on surfaces are expected to provide an ex-
cellent platform for the development of spintronic technologies. For such struc-
tures, the detection of spin excitations by low-temperature scanning tunnelling
spectroscopy has enabled investigations on coupling individual spins [2]. Up to
now, however, only a few Spin-Flip Inelastic Tunneling Spectroscopy (SE-IETS)
measurements have been performed on single molecules encapsulating several
spin centers [1]. Here, we present Scanning Tunneling Spectroscopy (STS) stud-
ies on an electrospray deposited 12-MC-4 metallacrown pentacopper(II) nano-
magnet. We observe symmetric around zero-bias features on differential con-
ductance spectra, an evident hallmark of inelastic tunneling. We use third-order
electron transport model [2], assuming exchange coupling constants determined
by the broken symmetry approach [3], to describe the experimental spectra. The
obtained results provide access to intramolecular coupling of spins in a single
molecular system with competing superexchange interactions.

[1] S.Kahle, et al. Nano letters 12, 518-521 (2012).

[2] M.Ternes, et al. J. Phys. Condens. Matter 21 053001 (2009).

[3] Y.Pavlyukh et al. Phys. Rev. B 99 144418 (2019).

0102.6 Thul3:30 P
Time-resolved orbital imaging of the CuPc/TiSe, interface — <Kiana
BAUMG)&RTNERI, MARKUS SCHOLZZ, CHRISTIAN METZGERI, DmMmyTRO
KUTNYAKHOV3, NiLs WIND4, MICHAEL HEBER3, Lukas WENTHAUS3, Kar
ROSSNAGEL3’5, and FrIEDRICH REINERT' — 1Experimentelle Physik 7, Univer-
sitdt Wiirzburg, Germany — European XFEL, Germany — *DESY, Hamburg,
Germany — *Universitat Hamburg, Germany — SUniversitit Kiel, Germany
In the last decade [1], the interpretation of the momentum distribution from
static angle-resolved photoemission experiments has improved our understand-
ing of charge transfer processes at the molecule-substrate interface [2] as well
as the geometric alignment in these systems [3]. In this contribution I will
present our experimental findings on time-resolved orbital imaging of the ex-
cited CuPc/TiSe, interface which were conducted at a HHG-laser facility with
a momentum microscope. Previous studies on the transition-metal dichalco-
genide TiSe, have shown exciting electronic behavior on the fs to ps time scale
upon optical excitation [4]. With the introduction of CuPc as a charge donor
new interaction channels arise at the interface and showcase the electronic as
well as structural interplay at the interface. [1] P. Puschnig et al., Science 326,
702 (2009). [2] G. Zamborlini et al., Nat. Comm. 8, 335 (2017). [3] M. Grimm
et al., Phys. Rev. B 98, 195412 (2018). [4] T. Rohwer et al., Nature 471, 490
(2011).

0102.7 Thul3:30 P
A multifunctional organic interface: decoupling the spin tuning from
molecule-metal hybridization — <H. SturMmEIT!, I COJOCARIU?, M.

IUGOVACZ, A. WINDISCHBACHER3, P. PUSCHNIGs, C. PIAMONTEZE4, A. SALA5’6,

G. COMELLIS’s, A. COSSAROS, A. VERDINIs, L. FLOREANOS, M. STREDANSKY5’6,
E. VESSELL15’6, C. HOHNERS, M. KETTNERS, J. LIBUDAS, C. M. SCHNEIDER2'7, G.
ZaMBORLINT', M. CINCHETTT, and V. FEYER*” — ' TU Dortmund, Dortmund,
Germany — “Forschungszentrum Jiilich, Jiilich, Germany — *Karl-Franzens-
Universitit, Graz, Austria — 4Paul-Scherre.‘r—Institute, Villigen, Switzerland —
Lab. TASC IOM-CNR, Trieste, Italy — ®University of Trieste, Trieste, Italy
— "Universitit Duisburg-Essen, Duisburg, Germany — 8Friedrich- Alexander-
Universitit, Erlangen, Germany

The possibility to separately address and control the spin and charge properties
at a metal/organic interface could pave the way to a new generation of multifunc-
tional devices. Here, by using a theoretical and experimental spectro-microscopy
approach, we introduce a system with decoupled, and therefore independently
tunable, spin and electronic properties. A single layer of nickel tetraphenyl por-
phyrin molecules strongly interacts with the copper (100) surface, causing a
massive charge transfer and the uncommon Ni(I) oxidation state. We find that
by dosing nitrogen dioxide (NO,) the Ni(II) oxidation state of the gas phase
molecule can be restored while the substrate-induced high-spin configuration is
preserved.

0102.8 Thul3:30 P

SF-IETS studies on CuCu4(shi)4 metallacrown complex — ¢ROBERT
RANECKII, STEFAN LACHl, ANGELIKI ATHANASOPOULOUZ, Eva RENTSCHLERZ,
and CHRISTIANE ZIEGLER' — 1Dept. of Physics and Research Center OPTIMAS,
TU Kaiserslautern, Germany — “Inst. of Inorganic and Analytical Chemistry,
Johannes Gutenberg University Mainz, Germany
Exchange coupled magnetic centers on surfaces are expected to provide an ex-
cellent platform for the development of spintronic technologies. For such struc-
tures, the detection of spin excitations by Low-Temperature Scanning Tunnelling
Spectroscopy (LT-STS) has enabled investigations on coupling individual spins
[1]. Up to now, however, only a few Spin-Flip Inelastic Tunneling Spectroscopy
(SF-IETS) measurements have been performed on single molecules encapsulat-
ing several spin centers [2]. Here, we present LT-STS studies on an electrospray
deposited 12-MC-4 pentacopper(II) metallacrown system. We observe symmet-
ric around zero-bias features on differential conductance spectra, an evident hall-
mark of inelastic tunneling. We use third-order electron transport model [1],
assuming exchange coupling constants determined by the broken symmetry ap-
proach [3], to analyze our experimental data. The obtained results provide access
to intramolecular coupling of spins in a single molecular system with competing
superexchange interactions.

[1] M.Ternes, et al. J. Phys. Condens. Matter 21 053001 (2009).

[2] S.Kahle, et al. Nano letters 12, 518-521 (2012).

[3] Y.Pavlyukh et al. Phys. Rev. B 99 144418 (2019).
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Enhancement of homochirality in on-surface designed indenofluorene poly-
mers — *CRISTINA MARTIN FUENTES, JOSE IGNACIO URGEL, JOSE MARIA GAL-
LEGO, JOSE SANTOS, RODOLFO MIRANDA, NAZARIO MARTIN, and Davip Ecija
— IMDEA nanociencia, Cantoblanco 28049, Madrid, Spain
A crucial aspect in polymer science is to find out route to enhance homochirality
when the monomer precursor is chiral or prochiral.

Inspired by our recent results regarding the homocoupling of acene species
exploiting the =CBr? functional group and its reactivity on surfaces, we syn-
thesized a prochiral precursor molecule presenting an indenofluorene backbone
with two CBr, groups. Upon sublimation on surfaces the homocoupling reac-
tion took place at room temperature. Three different substrates were employed:
Au(111), Ag(111) and Ag(100), to elucidate the chemical role of the metal and
of the substrate termination.

On all the surfaces, long polymers were found based on cumulene bridges. On
Au(111) the polymers display racemic segments, a result of the random mixture
the two molecular enantiomers. However, on Ag(100) and Ag(111), the poly-
mers display more homochiral segments than the ones formed on Au(111) by a
factor of 2. We can conclude that, depending on the substrate, it is possible to
steer the homochirality of the designed molecular wires. Our results represent a
step further towards a better control of the on-surface synthesis of homochiral
polymers.
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01032 Thul3:30 P
On-surface synthesis of doubly-linked one-dimensional pentacene ladder
polymer — <KALYAN Biswas', Jost I UrGEL!, ANA SANCHEZ-GRANDE',
SHAYAN EDALATMANESHZ, Josk SANTosl, Borja CIRERAl, PINGO MUTOMBOZ,
Koen LAUWAETI, RopoLro MIRANDAI, PAvEL ]ELfNEKZ, NAZARIO MARTle,
and Davip Ecya! — 'IMDEA Nanoscience, 28049 Madrid, Spain — 2Institute
of Physics of the Czech Academy of Science, CZ-16253 Prague, Czech Republic
n-conjugated polymers have received great attention in basic and applied re-
search fields as promising new materials for the fabrication of semiconduct-
ing devices due to their unique electronic properties. The traditional solution
synthesis of such material has been extended to the new synthetic discipline of
on-surface synthesis, being based on the reaction of molecular precursors on
surfaces in ultra-high vacuum conditions. Here, we provide a synthetic proto-
col toward the on-surface synthesis of ethynylene-like doubly-connected pen-
tacene polymers by sublimation of pentacene derivatives with =CBr, moieties
and subsequent annealing on Au(111). The characterization of the polymers
was performed by low-temperature scanning tunneling microscopy and non-
contact atomic force microscopy, complemented with density functional theory
calculations, revealing the formation of an unprecedented ethylene-like bridged
pentacene ladder polymer. We envision that our study will be of general rele-
vance for the synthesis and characterization of 7-conjugated polymers opening
new avenues with prospects for applications in molecular optoelectronics.



Surface Science Division (O)

Thursday

0103.3 Thul13:30 P
Formation of Polymeric Chains via On-Surface Coupling of Aldehydes —
*NaN Cao', MarYAM EBRAHIMI?, ALEXANDER Riss', EDUARDO CORRAL-
RASCONI, ALEKSANDR BAKLANOVI, WILLI AUWARTERI, and JOHANNES V.
Barta! — 'Physics Department E20, Technical University of Munich, D-85748
Garching, Germany — *Department of Chemistry, Lakehead University, P7B
5E1 Thunder Bay, Ontario, Canada
On-surface reactions provide new prospects for the formation of well-defined
nanostructures stabilized by covalent bonds. Within the last decade, inspired
by classic organic reactions, many pathways were demonstrated on single crys-
tal surfaces under ultrahigh vacuum conditions. Precursors and products can
be directly characterized by scanning probe techniques with atomic resolution
in real space. Here, we report on a new coupling reaction using aromatic alde-
hyde species. The deposition of aldehyde precursors on Ag(111), followed by a
post-annealing treatment, resulted in the formation of ordered polymeric chains.
Scanning tunneling microscopy (STM) provides insights into the structural evo-
lution before and after the coupling reaction. Our non-contact atomic force mi-
croscopy and high-resolution STM data illustrate the linkage of carbonyl groups
in the periphery of the reactants. Based on these insights, and taking into account
complementary X-ray photoelectron spectroscopy measurements and density
functional theory calculations, we develop a coherent picture of the reaction
pathway. Our findings introduce a new avenue for the on-surface synthesis of
ordered covalent nanostructures.

01034 Thul3:30 P
Investigating the mechanism underlying an order-disorder transition
for molecular assemblies of tetraphenylporphyrin (TPP) on Au(111) —
e MATTHEW EDMONDSONI, ELEANOR FRAMPTONI’Z, CHRIS J. ]UDDI, NEIL R.
CHAMPNESSZ, Davip A. DUNCAN3, ROBERT ]ONESZ, and ALEX SAYWELL' —
!School of Physics & Astronomy, University of Nottingham — *School of Chem-
istry, University of Nottingham, Nottingham, UK — >Diamond Light Source,
Harwell Science and Innovation Campus, Didcot, UK
Porphyrins display a rich array of chemical and physical properties which can be
tuned by incorporating a metal atom via solution-phase synthesis or on-surface
protocols.[1] Self-metalation (uptake of metal atoms from a supporting sub-
strate) has been observed for surface confined porphyrin species, such as for
2H-tetraphenylporphyrin (2H-TPP) on Cu(111),[2] and offers an alternate syn-
thetic pathway for the formation of metalated TPP (M-TPP) which is driven by
interaction with the substrate.

Here we report on the interaction between 2H-TPP and Au(111) and present
details of an order-disorder transition of 2H-TPP assemblies. Chemical anal-
ysis via X-ray photoelectron spectroscopy (XPS) suggests the formation of an
Au-TPP species as part of this process. Characterisation using a combination of
scanning probe microscopy, XPS, and X-ray standing wave techniques provide
both chemical and structural information on the evolution of this on-surface
reaction.

[1] J. M. Gottfried, Surface Science Reports, 2015, 70, 259-379.

[2] K. Diller et al., Journal of Chemical Physics, 2012, 136, 14705.

0103.5 Thul13:30 P
Interfacial chemical bonding of protective (Ti,Al)N coatings grown on poly-
carbonate — ¢LENA PATTERER, SOHEIL KARIMI AGHDA, DAMIAN MAURITIUS
HoLzAPFEL, and JOCHEN MICHAEL SCHNEIDER — Materials Chemistry, RWTH
Aachen University, Kopernikusstr. 10, 52074 Aachen, Germany
Due to its superior mechanical properties as well as oxidation resistance,
(Ti,A)N coatings are commonly used as protective coatings for cutting and
forming tools. However, less attention has been drawn so far to its application
as protective coatings onto polymer components. To identify the chemical re-

actions and the corresponding bond formation at the (Ti,Al)N | polycarbon-
ate interface, a detailed X-ray photoelectron spectroscopy analysis is performed
on pulsed direct current magnetron sputtered (DCMS) (Ti,Al)N coatings de-
posited onto polycarbonate. To this end, the coating thickness was less than 2
nm to ensure that the chemical state information including the interfacial re-
gion is probed. By comparing to the chemical state information of the uncoated
polycarbonate, the formation of CNx as well as of C-O-(Ti,Al) bonds is identi-
fied. Hence, it is reasonable to assume that these bonds serve as chemical link
across the interface and firmly anchor the (Ti,Al)N coating on the polycarbonate
substrate.

0103.6 Thul3:30 P
Production of oxidized C;, on carbonaceous substrates — <GEORGIOS
PANTAZIDISI, ANDREW CASSIDYI, JouNn Davip THROWERI, and Liv
HorNEkAER"™ — 'Department of Physics and Astronomy, Aarhus University,
8000 Aarhus C, Denmark — 2In'cerdisciplinary Nanoscience Center (iNANO),
Aarhus University, 8000 Aarhus C, Denmark
In this poster, data characterising the production of Cg, oxides on a graphitic
surface, in conditions that mimic interstellar environments, are presented. Ex-
periments were performed in an ultra-high vacuum chamber with a base pres-
sure of 5x107'% mbar. Thin films of Cg, were prepared by in situ dosing on
a highly oriented pyrolytic graphite (HOPG) substrate. Oxygen atoms were
produced via thermal cracking through a hot capillary which is heated to ca.
1850 K. Surface science techniques like temperature programmed desorption
(TPD), scanning tunnelling microscopy (STM) and X-ray photoelectron spec-
troscopy (XPS), were used for the experimental investigation. Findings suggest
that C¢yO, are formed, with oxygen atoms chemisorbing on the C4, molecule,
forming ether and epoxide functional groups. Upon thermal annealing, the
CgoO, fragment into C,O, and species like CO and CO,, which lead to the
formation of thermally stable remnants on top of the HOPG, creating a porous
carbonaceous substrate (m-HOPG). When the C4,O, were produced on the m-
HOPG substrate, the reactivity towards oxygen atoms was higher and, apart from
ether and epoxide groups, carbonyl groups were also present, suggesting a more
complex chemistry, aided by the porous substrate.

0103.7 Thul3:30 P
Highly selective synthesis of enetriyne via tetramerization of terminal
alkynes on Ag(100) — NaN Cao!, +B14a0 YANG', JoNas BJORK?, and JOHANNES
V. Barta! — 1Physics Department E20, Technical University of Munich, D-
85748 Garching, Germany — *Department of Physics, Chemistry and Biology,
IFM, Linkdping University, 58183 Linkoping (Sweden)
Enetriyne, a conjugated species of eneyne family, is a prominent constituent in
the antibiotic and antitumor sector. On-surface synthesis under ultrahigh vac-
uum, which can be monitored by real space scanning probe microscopy and
other techniques, has been widely used as a powerful tool to disentangle and
control reaction pathways on well-defined interfaces. We herein report a novel
approach of enetriyne formation with high selectivity via tetramerization of ter-
minal alkynes on Ag(100). Taking advantage of a hydroxyl directing group, we
managed to steer the reaction process and obtain a uniform product. Firstly,
upon O2 exposure the adsorbed precursor’s terminal alkyne moieties deproto-
nate, which entails the formation of organometallic dimer. Secondly, controlled
annealing of the pretreated sample induces the formation of the tetrameric
species, which self-assembles in regular islands stabilized by lateral weak interac-
tions. We combine STM, XPS studies and DFT calculations to examine the newly
formed covalent compounds and suggest a reaction mechanism. Our study pro-
vides a protocol, involving a directing group, gas-mediated pretreatment, and an
excitation reaction to precisely fabricate a functional enetriyne species.
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Ultra-high vacuum millikelvin scanning tunnelling microscope with adia-
batic demagnetisation refrigeration — ¢TANER Esat!?, PETER COENEN"?,
ANDREA RACCANELLIS'Z, VASILY CHEREPANOVI’Z, XIAOSHENG YANGI’Z, PETER
BorGENs"?, STEFAN TauTz"?, and RusLaN Temirov'>* — !Peter Griinberg
Institute (PGI-3), Forschungszentrum Jiilich, Germany — %Jiilich Aachen Re-
search Alliance (JARA), Fundamentals of Future Information Technology —
3Cryo—Lab, Peter Griinberg Institute (PGI-3), Forschungszentrum Jiilich, Ger-
many — *IL. Physikalisches Institut, Universitit zu Koln, Germany
We describe the design of an ultra-high vacuum scanning tunnelling microscope
that operates at millikelvin temperatures and high magnetic fields of up to 8
Tesla. Employing adiabatic demagnetisation refrigeration technique instead of
the traditionally used 3He dilution refrigeration, we have built a very modular
setup with outstandingly high stability, allowing STM experiments in very well
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controlled variable temperature conditions down to 26 millikelvin. To demon-
strate the microscope’s performance, we show the temperature-dependent scan-
ning tunnelling spectroscopy data acquired on a superconducting Al(100) sur-
face and discuss the factors determining the effective electronic temperature of
the STM junction.

01042 Thul3:30 P
The Quantum Corral - Bond to an artificial atom — sFABIAN STILP!, ANDREAS
BERECZUKZ, JuLiAN BERWANGERI, NADINE MUNDIGLI, Kraus RICHTERZ, and
Franz J. Giessisr! — !Institute of Experimental and Applied Physics, Uni-
versity of Regensburg, 93053 Regensburg, Germany — “Institute of Theoretical
Physics, University of Regensburg, 93053 Regensburg, Germany
In 1993 Crommie, Lutz and Eigler first created a quantum corral, an adatom
structure that confines surface state electrons on metal surfaces, and investigated
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discrete energy states inside the corral using scanning tunneling microscopy
(STM) [1]. We revisit the same corral, a ring of 48 iron atoms on a Cu(111)
surface with a diameter of 14.26 nm, with atomic force microscopy (AFM) to in-
vestigate the bonding of this artificial atom to the front atom of the AFM-tip. The
measured forces on the order of 100 femtonewtons reveal a covalent attraction
to metal tips and Pauli repulsion to CO terminated tips. This is familiar to the
interactions of these tips with natural atoms, so one would also expect repulsive
interaction for closer distances between the front atom of the metal tip and the
quantum corral. It is not possible to measure this repulsive force, because the tip
is not stable for closer tip-sample distances, but one can place the front atom of
the metal tip inside the corral and investigate the change of the corral states with
STM. The response of the states to this additional adatom indicates the expected
repulsive force.
[1] Crommie et al. Science 262, 218 (1993)

0104.3 Thul13:30 P

Optimising conditions for high resolution SPM at room temperature —
*TIMOTHY BROWN, PHIL BLOWEY, and ADAM SWEETMAN — University of Leeds,
Leeds, UK
Non-contact atomic force microscopy has yielded enormous progress in the es-
tablished field of scanning probe microscopy (SPM), with its ability to charac-
terise materials at the atomic scale, and study chemical structures of individ-
ual molecules. Long acquisition times are typically required for system stability,
which is often accomplished by operating at cryogenic temperatures. However
if high resolution characterisation of species at room temperature is required,
thermal non-equilibrium between the tip and sample poses a limit on acquisi-
tion time. Atom tracking can counteract the effects of thermal drift between
the tip and sample. Measuring the displacement, and subsequent compensation
thereof, using a feedforward correction, can be used as a means to correct the
drift, a technique pioneered by Abe. et. al (2007). The net drift is liable to change
continuously due to the surroundings, thus diminishing the accuracy of the ap-
plied correction. We describe a protocol, similar to that of Rahe. et. al (2011),
by which the temperature in a ultra-high vacuum scanning tunnelling / atomic
force microscope is stabilised at room level using a tuned feedback circuit, such
that atom tracking, can be continuously used in order to take scripted, dense 3D
data sets, even at room temperature.

References:

1. Abe, M. et al. Applied Physics Letters. 90, 203103 (2007).

2. Rahe, P. et al. Review of Scientific Instruments 82, 063704 (2011).

01044 Thul3:30 P
Single Atom Electron Spin Resonance Spectroscopy at High Magnetic Fields
— «P10TR KOT, ROBERT DROST, MAXIMILIAN UHL, and CHRISTIAN AST — Max
Planck Institute for Solid State Research, Stuttgart, DE
In the last several years electron spin resonance spectroscopy (ESR) and scan-
ning tunneling microscopy (STM) have been combined, introducing a new tech-
nique for studying spin dynamics on the atomic scale. Here, we present a next-
generation ESR-STM with operating frequencies between 60GHz and 90GHz,
which allows us to probe larger Zeeman energies than what has been previously
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01051 Thul3:30 P
Low-energy ion implantation of Cobalt in graphene investigated by scan-
ning tunneling microscopy — ¢ANNA SINTERHAUE', BENNO HARLING!,

MANUEL AUGEZ, FELIX IUNGEZ, PHILIP WILLKE3, HaNs HOFSASSZ, and MAR-
TIN WENDEROTH' — 'IV. Physikalisches Institut, Universitit Gottingen — *IL.
Physikalisches Institut, Universitit Gottingen — >Physikalisches Institut, Karl-
sruher Institut fiir Technologie (KIT)

To tailor the properties of a graphene sheet by band structure engineering, the
issue of doping is decisive to turn graphene into a true device material. For this
purpose, a direct incorporation of foreign atoms into the graphene layer by low-
energy ion beam implantation has shown to be a versatile method [1] as demon-
strated for B and N. Here, we report on the successful implantation of Cobalt
atoms into the graphene lattice achieved by low-energy Cobalt implantation at
an ion energy of 20eV. After transfer through air, reinsertion into UHV and
annealing at 400°C for 30 minutes, the structural and electronic properties of
the ion implanted epitaxial graphene are investigated by scanning tunneling mi-
croscopy and spectroscopy (STS). Contrary to B and N [2], we find a negligible
charge transfer from Co to graphene in agreement with theoretical considera-
tions [2]. In addition, at the topographic position of the defects, STS reveals a
pronounced peak in dI/dV-spectra at zero bias voltage. Financial support by the
DFG through project We 1889/13-1 is gratefully acknowledged.

[1] P. Willke et al., Nano Lett. 15(8), 5110-5115, 2015

[2] E. ]. G. Santos et al., Phys. Rev. B 81, 125433, 2010
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reported. The instrument operates at a base temperature of 300mK, much lower
than typical Zeeman energies in the operational frequency range. Spin systems
are therefore thermally initialised to their ground state. We envision to take ad-
vantage of this to maximise the ESR-STM signal and ultimately implement co-
herent control at the nanoscale.

01045 Thul3:30 P
Statistical analysis of AFM images of nanofiber mats by grey-scale re-
solved Hurst exponent distributions — eTomAsz BLACHOWICZI, KRZYSZTOF
Domino?, MicHAL Koruszowic!, JACEK GrzyBowskl’, and ANDREA
ExrMANN® — !Silesian University of Technology, Institute of Physics - Centre
for Science and Education, Gliwice, Poland — 2polish Academy of Sciences, In-
stitute of Theoretical and Applied Informatics, Gliwice, Poland — >Silesian Uni-
versity of Technology, Faculty of Automatic Control, Electronics and Computer
Science, Gliwice, Poland — *Bielefeld University of Applied Sciences, Faculty of
Engineering and Mathematics, Bielefeld, Germany
Two-dimensional periodic or random structures can be classified by diverse
methods. Nevertheless, quantitative descriptions of such surfaces are still prob-
lematic. While the statistical analysis of periodic fibrous structures by Hurst ex-
ponent distributions was suggested some years ago [1], the quantitative analy-
sis of atomic force microscopy (AFM) images of nanofiber mats was only re-
cently described [2]. Here we present the influence of typical AFM image post-
processing steps, such as polynomial background subtraction, aligning rows,
deleting horizontal errors or sharpening, on the grey-scale-resolved Hurst ex-
ponent distribution. Our results show that while characteristic features of these
false-color images may be shifted by grey-channel and Hurst exponent, they can
still be used to identify AFM images and, in the next step, to quantitatively de-
scribe AFM image of nanofibrous surfaces.

[1] T. Blachowicz et al., Physica A 452, 167-177 (2016)
[2] T. Blachowicz et al., Tekstilec 63, 104-112 (2020)

0104.6 Thul3:30 P

Nonlinearities in force microscopy cantilever oscillations — eLukas
B@TTCHERI, DOMINIQUE SCHNEIDERI, JENS STARKEZ, INGO BARKEI, and
Syivia SELLER' — !Institute of Physics, University of Rostock, 18059 Ros-
tock — 2Institute of Mathematics, University of Rostock, 18051 Rostock
In dynamic force microscopy nonlinearities of the nanoprobe-surface interac-
tion at small separations lead to deformed and bistable resonance curves of the
cantilever oscillation [1-4]. To understand and control instable imaging condi-
tions we acquire distance dependent frequency sweeps of the amplitude in dy-
namic atomic force-microscopy and determine frequencies of instability. We
address the behavior on hard versus soft surfaces.

[1] Gleyzes et al. (1991), Appl. Phys. Lett. 58 (25), S. 2989*2991

[2] Holscher, Schwarz (2007), International Journal of Non-Linear Mechanics
42 (4), S. 608*625

[3] Raman, et al. (2009), In: Morita, Giessibl und Wiesendanger (Hg.): Non-
contact Atomic Force Microscopy: Volume 2. Berlin, Heidelberg: Springer
Berlin Heidelberg, S. 361*395

[4] Stark (2010), Materials Today 13 (9), S. 24*32
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01052 Thul3:30 P
LEEM/PEEM investigation of ambient oxidized g/ge(110) — +Ka MAN yu'?,
CHANAN EUARUKSAKUL3, THIPUSA WONGPINII3, ROBERT M. ]ACOBBERGER4,
MICHAEL S. ARNOLD4, Max G. LAGALLY4, and MICHAEL S. ALTMAN' — 1Hong
Kong University of Science and Technology, Hong Kong SAR — *University of
Kaiserslautern, 67663 Kaiserslautern, Germany — >Synchrotron Light Research
Institute, Nakhon Ratchasima 30000, Thailand — *University of Wisconsin-
Madison, Wisconsin 53706, United States
Germanium (Ge) is an excellent candidate for MISFET devices due to its high
intrinsic charge carrier mobility. However, in contrast to the native oxide on Si,
the native oxide on Ge hinders practical applications. The recent finding that
a graphene monolayer can diminish the oxidation rates of Ge under ambient
conditions identifies a possible scheme for overcoming a key challenge to the
development of Ge-based electronic devices. Further knowledge of how oxy-
gen permeates graphene to react with Ge is crucial to achieving this goal. In
this work, the oxidation of Ge(110) under a graphene monolayer that is caused
by ambient exposure was investigated using LEEM and PEEM. Three oxide do-
mains are identified: a mixed monolayer or dispersed submonolayer comprised
of GeO,/GeO, ,, thin and thicker GeO,, over a buried GeO, interfacial layer
in contact with the Ge bulk. The permeability of graphene to oxygen is attributed
to defects at boundaries between the prevalent RO and R30 graphene grains,
within grains and at wrinkles. A statistical treatment for isochromatic correc-
tion of energy-resolved PEEM images will also be presented.
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01053 Thul3:30 P
The role of two-dimensional pressure in sulfur intercalation underneath
graphene on ruthenium — «LARs Buss"?, Jens Farta?, MoriTz EWErT', BIN
SHAO®, Tim WEHLING?, and JaN INGo FLEGE! — ! Applied Physics and Semicon-
ductor Spectroscopy, BTU Cottbus-Senftenberg, Cottbus, Germany — *Institute
of Solid State Physics, University of Bremen, Bremen, Germany — > Beijing Com-
putational Science Research Center (CSRC), Beijing, China — “Institute for The-
oretical Physics, University of Bremen, Bremen, Germany
Micrometer-sized single-layer graphene can epitaxially be grown on transition-
metal substrates with excellent crystalline quality. However, due to strong bind-
ing these substrates have a detrimental influence on the intrinsic properties of
the graphene. By lifting the interlayer coupling, e.g., via intercalating foreign
atoms, its unique electronic properties can be restored. We have investigated the
intercalation of sulfur underneath graphene on Ru(0001) with low-energy elec-
tron microscopy (LEEM) and micro-diffraction (4uLEED). We find that sulfur
deposited at elevated temperatures enters through the edge of the island, leading
to wrinkle formation in the decoupled graphene. Interestingly, the presence of
the graphene limits the possible S/Ru(0001) reconstructions that may form un-
derneath, preventing less dense reconstructions like the p(2 x 2) and (V3 x 3)
reconstructions. Based on density functional theory calculations, these findings
are explained by a 2D pressure exerted by the overlying graphene, which results
from the strong graphene-substrate interaction, only rendering the denser re-
constructions of the S/Ru phase diagram energetically favorable.

01054 Thul3:30 P
Probing Quantum Hall edge channels by scanning tunneling spectroscopy —
*TJORVEN ]OHNSENI, SAYANTI SAMADDARI, ASTRID WESTON?" , MATTHEW J.
HAMER2’3, KENjI WATANABE4, TAKASHI TANIGUCHI4, RomMmAN GORBACHEV2’3’5,
and MARKUS MORGENSTERN' — 'II. Institute of Physics B, RWTH Aachen Uni-
versity, Germany. — “Department of Physics and Astronomy, University of
Manchester, UK. — 3National Graphene Institute, University of Manchester, UK.
— *National Institute for Materials Science, Tsukuba, Ibaraki 305-0044, Japan.
— PHenry Royce Institute for Advanced Materials, University of Manchester,
UK.
The topology of the quantum Hall effect is imprinted in the edge channel (EC)
transport, but microscopic details of the EC topography at the scale of the mag-
netic length are largely unknown. Here we use scanning tunneling spectroscopy
to probe the quantum Hall ECs at integer fillings along a gate-tunable graphene
pn interface. ECs with finite width at the Fermi level become apparent along the
continuous potential gradient across the interface. They meander along the in-
terface in width and lateral position due to the inhomogeneous local electrostatic
environment. However, the appearance of charging lines testifies the simultane-
ous presence of a tip-induced quantum dot that is influencing the electrostatics at
the interface similarly as in scanning gate experiments and, hence, modifies the
measurement results in detail. To disentangle the contributions from ECs and
quantum dot, we employed electrostatic model simulations that explain multiple
details of the observed charging lines and the local density of states features.

01055 Thul3:30 P
Local spots of viscous electron flow in graphene at room temperature
and moderate mobility — SAYANTI SAMADDARI, JEFF STRASSDASI, KevIiN
JANSSEN?, TJORVEN JOHNSEN!, ZHENXING WANG®, DANIEL NUEMAIER>*, MAR-
cus LIEBMANN', and MARKUS MORGENSTERN' — 'II. Institute of Physics B,
RWTH Aachen University and JARA-FIT, Otto-Blumenthal-Str., 52074 Aachen,
Germany — 2Research Centre Julich, Peter Griinberg Institute, 52425 Jiilich,
Germany, — 3 Advanced Microelectronic Center Aachen (AMICA), AMO
GmbH, Otto-Blumenthal-Str. 25, 52074 Aachen — 4University of Wuppertal,
42285 Wuppertal, Germany,
Dominating electron-electron scattering enables viscous electron flow exhibit-
ing hydrodynamic current density patterns such as Poiseuille profiles or vor-
tices. The viscous regime has recently been observed in graphene by non-local
transport experiments and mapping of Poiseuille profiles up to room tempera-
ture. Here, we probe the current-induced surface potential maps of graphene
field effect transistors using scanning probe microscopy at room temperature.
We discover the appearance of ym large areas close to charge neutrality, where
the current induced electric field opposes the externally applied field. By esti-
mating the scattering lengths from the gate dependence of local electric fields,
we find that these areas exhibit a dominating electron-electron scattering as ex-
pected for viscous flow. We map the respective meandering electric fields and
carefully rule out artifacts such as by source-drain voltage induced local doping.
Our results imply that viscous electron flow is omnipresent in graphene devices,
even at moderate mobility.

01056 Thul3:30 P
Control of interface alloying between silicene and a silver substrate
— ¢JOHANNES KiJCHLEl, ALEKSANDR BAKLANOVI, FELIX HAAGI, DaviDp
DUNCANZ, PaUL Ryan>? , ARI SEITSONEN4, ‘WILLI AUWARTERI, and FRANCESCO
ALLEGRETTI' — 1Physics Department E20, Technical University of Munich,
85748 Garching, Germany — 2Diamond Light Source, OX11 0DE Didcot, UK —
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3Imperial College London, SW7 2AZ London, UK — 4Département de Chimie,
Ecole Normale Supérieure, 75005 Paris, France

Silicene, the silicon analogue of graphene, is a promising material with unique
structural and electronic properties, which has been in the focus of intense re-
search during the past decade. With the epitaxial fabrication via deposition of
silicon on solid substrates being the best-established growth method, silicene is
susceptible to strong interfacial interactions that may drastically alter its func-
tional properties. However, these interactions are still largely unexplored. Here,
we present our recent experiments with soft X-ray photoelectron spectroscopy
(SXPS) at various Si coverages in combination with X-ray standing waves, in-
dicating that during the growth of the most commonly studied (4 x 4) super-
structure of silicene on Ag(111) Si-Ag surface alloying occurs. Accordingly, our
scanning tunneling microscopy (STM) studies resolve a yet unreported phase,
which we interpret as a Si-Ag alloy structure, extending underneath the silicene
layer. Moreover, we show that growing silicene on a sacrificial Ag,Ge surface
alloy strongly suppresses the Si-Ag alloy component in SXPS, resulting in new,
distinct phases, as detected by low energy electron diffraction and STM.

0105.7 Thul3:30 P
Two phases of monolayer tantalum sulfide on Au(111) — DANIELA
DOMBROWSKII’Z, ABDUS SAMAD® s CLIFFORD MURRAY4, MARIN
PerrROVIE® , PascaL EWENI, THOMAS MICHELY4, MARKO KRALJ5 , Upo
SCHWINGENSCHLOGL®, and «CARSTEN Busse"? — !Institut fiir Materialphysik,
Westfilische Wilhelms-Universitit Miinster, Germany — “Department Physik,
Universitit Siegen, Germany — >KAUST, Physical Science and Engineering Di-
vision, Thuwal, Saudi Arabia — *1I. Physikalisches Institut, Universitdt zu Koln,
Germany — >Center of Excellence for Advanced Materials and Sensing Devices,
Institute of Physics, Zagreb, Croatia
Transition metal chalcogenides (TMCs) are 2d materials with a broad variety
of electrical properties and phenomena like charge density waves, superconduc-
tivity and Mott transitions. Like their bulk parent materials, 2d-TMCs exhibit
polymorphism. This includes the well-known 2H- and 1T-MX, phases but also
more complex structures such as self-intercalated bilayers or chalcogene-poor
compounds with sulfur vacancies. The structure has a strong influence on the
properties. For example, group 6 TMCs in the 2H-phase are semiconducting,
while they are metallic in the 1T-phase.

‘We use a combination of physical and chemical vapor deposition to grow two
different phases of tantalum sulfide on Au(111). STM, STS and ARPES results
corroborated by DFT allow us to identify the phases as 2H-Ta$, and a novel
phase found for sulfur-poor conditions where the bottom sulfur layer is missing.

01058 Thul3:30 P

Single-domain h-BN monolayer growth on an incommensurable surface:
Pt(110) — +DOMINIK STEINERI, MARCO THALERI, FLORIAN MITTENDORFERZ,
and ERMINALD BERTEL' — Institute of Physical Chemistry, University of Inns-
bruck, Innsbruck, Austria — 2Institute of Applied Physics and Center of Com-
putational Material Science, University of Technology, Vienna, Austria
Lattice matching has been widely considered to be a prerequisite for perfect epi-
taxial growth. In contrast, we demonstrate by LEED, STM and DFT calculations
large-scale, single-domain hexagonal Boron Nitride (h-BN) growth on the in-
commensurable Pt(110) surface [1]. In a competition between the h-BN and the
Pt bulk geometry the former dominates the arrangement of the Pt(110) surface
atoms. This adaptivity of the Pt(110) surface is key to the perfect film growth.

STM and LEED studies show that single-domain growth occurs only above
a threshold temperature of ~1120 K. At T<1120 K, a defective multi-domain
film on a rough Pt-surface is obtained. Referring to the results of Lee et al. for
h-BN growth on liquid Au [2] we proposed that the Pt surface atoms form a
quasi-liquid layer above the threshold temperature, thus enabling the alignment
of h-BN nuclei. Our recent studies of the growth mechanism, however, indicate
a more complex mechanism leading to single-domain growth.

[1] Steiner et al., ACS Nano 2019, 13 (6), 7083-7090.

[2] Lee at al., Science 2018, 362 (6416), 817.

01059 Thul3:30 P
Moiré-driven charge accumulation in few-layer antimony films on
InSb(111)A — BING Liv™?, oTim Wagner™, MarTiN Kamp™?, STEFAN
ENZNER2’3, PHILIPP ECK2’3, GIORGIO SANGIOVANN12’3, and RaLpH CLAESSEN'
— "Physikalisches Institut, Universitit Wiirzburg, D-97074 Wiirzburg, Germany
— Znstitut fiir Theoretische Physik und Astrophysik, Universitat Wiirzburg,
D-97074 Wiirzburg, Germany — >Wiirzburg-Dresden Cluster of Excellence
ct.qmat, Universitat Wiirzburg, D-97074 Wiirzburg, Germany
Few-layer antimony films are a promising topological material which has been
widely investigated on various substrates. Here we show few-layer films which
have been successfully synthesized on a InSb(111)A substrate. The epitaxially
grown antimony layers keep the bulk Sb lattice constant, i.e., do not adapt to
that of the substrate. According to density functional theory calculations con-
sidering this Moiré situation in a simplified unit cell, the lattice mismatch at the
interface gives rise to charge accumulations at positions where the atoms of film
and substrate are in phase. Although situated at the interface, these charge lo-
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calizations are predicted to extend perpendicular to the interface over several
antimony layers. Experimentally, this can be confirmed in scanning tunneling
microscopy with a Moiré pattern visible up to the seventh layer. Spectroscopy
measurements of antimony films with various thicknesses show Sb bulk behav-
ior, i.e., the scattering of the topological surface state, down to five film layers.
At lower thicknesses, this scattering is suppressed, which may be attributed to
the increased influence of the Moiré-driven charge accumulations at the inter-
face.

010510 Thul3:30 P
Proximity effects in the charge density wave order and superconductiv-
ity in single-layer NbSe2 — «WEN WANI, PauL DREHERI, ALLA CHIKINAZ,
Haoje Guo®, RisHav HarsH!, Marco BiancHr?, Marco Gossr?, JOSE-
MARIA GOMEZ—RODRIGUEZ3, ANTONIO JAVIER MARTINEZ—GALERA3, PHILIP
HOFMANN?, JiLL A. Miwa?, and MicueL UGepa' — 'Donostia International
Physics Center, San Sebasti4n-Donostia, Spain — 2Department of Physics and
Astronomy, Aarhus University — >Dpto. Fisica de la Materia Condensada, Uni-
versidad Auténoma de Madrid — *CIC Nanogune
Collective electronic states such as the charge density wave (CDW) order and
superconductivity respond dramatically to external perturbations. In two-
dimensional materials hosting such states, the closeness to unavoidable support-
ing substrates may lead to significant changes in their properties. Here we ex-
plore the impact of proximity effects on the CDW and superconducting states
in single-layer NbSe2. We performed the electronic characterization of single-
layer NbSe2 on several substrates of opposite metallicity by means of STM/STS
at 350 mK, ARPES and 4-point probe transport measurements. In particular,
we have epitaxially grown single-layer NbSe2 by MBE on two different metals,
Au(111) and BLG/SiC(0001), and two insulators, bulk WSe2 and monolayer h-
BN/Ir(111). While both phases disappear on Au(111), they persist on BLG/SiC.
The fate of the CDW and superconducting phases is more intricate on insulating
substrates, which are largely affected, however, despite of the electronic decou-
pling of the 2D superconductor with the substrate states.

010511 Thul3:30 P
The true corrugation of monolayer h-BN on Rh(111) — Luis HENRIQUE DE
LiMa'?, THoMAs GREBER®, and sMATTHIAS MUNTWILER? — !Universidade
Federal do ABC, Santo Andre, Brazil — *Paul Scherrer Institut, Villigen, Switzer-
land — 3Universitit Ziirich, Ziirich, Switzerland
Monolayer hexagonal boron nitride (h-BN) grown on the (111) surface of
rhodium exhibits an intriguing corrugation pattern called “nanomesh” with a
lattice constant of 3.2 nm. Despite numerous experimental and theoretical stud-
ies, structural details such as the corrugation amplitude have been difficult to
determine quantitatively due to the differences in chemical and electronic envi-
ronments in the strongly bound pore regions and the weakly bound wire regions
of the corrugated structure. For reliable results it is important to probe the struc-
ture with a method that is inherently sensitive to the positions of the atomic cores
rather than electron density.

In this contribution, we determine the corrugation of h-BN nanomesh from
synchrotron based angle- and energy-resolved photoelectron diffraction mea-
surements with chemical state resolution. By comparing measured data to
multiple-scattering simulations true adsorbate-substrate distance can be mea-

sured with high precision, avoiding pitfalls of apparent topography observed in
scanning probe techniques.
L. H. de Lima et al., 2D Mater. 7, 035006 (2020)

010512 Thul3:30 P
Transitions from single-layer MoS, to bilayer growth: A LEEM study —
eMORITZ EWERT1’2’3, LARS BUSSI'Z, FRANCESCA GENUZIO4, TeEVFIK ONUR
MENTE§4, ANDREA LOCATELLI4, JENS FALTAZ’S, and JaN INGO FreGeb®® —
! Applied Physics and Semiconductor Spectroscopy, Brandenburg University of
Technology Cottbus-Senftenberg, Germany — “Institute of Solid State Physics,
University of Bremen, Germany — >MAPEX Center for Materials and Processes,
University of Bremen, Germany — *Elettra-Sincrotrone Trieste S.C.p.A., Baso-
vizza, Trieste, Italy
Molybdenum disulfide (MoS,) is well-known to change from an indirect to a
direct semiconductor as a single layer.
We present insights from in-situ low-energy electron microscopy (LEEM) on
the extended growth of MoS, on the Au(111) surface at elevated temperatures
of 720°C. Our continuous growth method leads to the formation of micron-
sized single-layer MoS, islands. The single-domain character of these islands is
confirmed by employing dark-field imaging and micro-diffraction (LEED). This
also reveals the distribution of 90:10 of the two expected MoS, mirror domains
on Au(111). Selected-area angle-resolved photoelectron spectroscopy (ARPES)
measurements of these mirror domains underline the threefold symmetry of the
two mirror domains and indicate the presence of MoS, bilayer. Using X-ray pho-
toemission electron microscopy (XPEEM) and intensity-voltage LEEM (I(V))-
LEEM we identify the bilayer nucleation areas at nearly full surface coverage and
propose a model pathway for their formation.

0105.13 Thul3:30 P
1H-MoS, edge reconstructions and functionalization — «YUMAN SAYED-
AHMAD—BARAZAI, RUBEN CANTON—VITORIAZ, MARIO PELAEZ—FERNANDEZS,
CARLA BITTENCOURT4, RAUL ARENAL® , N1kos TAGMATARCHISZ, and CHRIS
Ewers! — !Institut des Matériaux Jean Rouxel (IMN), Université de Nantes,
CNRS, 2 rue de la Houssiniére, BP 32229, 44322 Nantes, cedex 3, France
— *Theoretical and Physical Chemistry Institute, National Hellenic Research
Foundation, 48 Vassileos Constantinou Avenue, 11635 3 Athens, Greece —
3Laboratorio de Microscopias Avanzadas, Instituto de Nanociencia de Aragon,
Universidad de Zaragoza, 50018 Zaragoza, Spain — *Chimie des Interactions
Plasma-Surface, University of Mons, 20 Place du Parc, 7000 Mons, Belgium
Single-layer 1H-MoS, presents a rich variability of edges. We present DFT
studies of the structure and stability of reconstructed Mo-100%S and Mo-50%$S
zigzag edges [1]. For Mo-100%S we identify a family of metastable edges consist-
ing in Mo atoms linked by disulfide ligands. For Mo-50%S$, we find a lattice dis-
tortion with 3x periodicity, compatible with a Peierls’ distortion and the forma-
tion of 3-centre local bonds. Additionally, we present DFT studies of the covalent
functionalization of MoS, with 1,2-dithiolanes. We find preferential function-
alisation at the edges, stable against a vacancy healing reaction; consistent with
our experimental results [2]. 1. Y. Sayed-Ahmad-Baraza and C. P. Ewels, Chem.
- Eur. J. 26, 6686 (2020). 2. Y. Sayed-Ahmad-Baraza, R. Canton-Vitoria, M.
Pelaez-Fernandez, R. Arenal, C. Bittencourt, C. P. Ewels, and N. Tagmatarchis,
Npj 2D Mater. Appl. 1, (2017).
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0106.1 Thul13:30 P
Gouy-Chapman and beyond: A new double layer model for Pt — «KATHARINA
DoBLHOFF-DIER — Leiden University, Leiden, The Netherlands
The Gouy-Chapman-Stern model and its various extensions (e.g., modified to in-
clude finite-size effects) are expected to represent the electric double layer struc-
ture in dilute electrolytes rather well. Consequently, these models form the basis
of many constant-potential methods available in the various electronic structure
codes. However, recent experimental results [1,2] show that the double layer ca-
pacitance of Pt(111) surfaces, and (to a lesser extent) of Au(111), does not follow
the predictions made by these simplistic models. Consequently, we need to re-
think the structure of the electric double layer. A reasonable match between
theory and experiment can be attained when extending the standard Gouy-
Chapman-Stern-like capacitance models by i) the hyperpolarizability caused by
water adsorbing at the interface and ii) a weak attractive ion-surface interac-
tion. These little effects strongly alter the potential vs. electric relation of the
interface as well as the z-dependence of the near-surface electric field. Inclusion
of these effects therefore does not only suggest a renewed picture of the double
layer structure, the correct description of these properties is also relevant in order
to obtain accurate adsorption energies of polar molecules and reaction barriers
from first principle calculations.
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[1] K. Ojha, N. Arulmozhi, D. Aranzales, and M.T. M. Koper; Angew. Chem.
Int. Ed. 59, 711 (2020)
[2] K. Ojha, K. Doblhoft-Dier, M.T.M. Koper (unpublished)

01062 Thul3:30 P
Entropy changes during adsorption of pyridine on Au(111) in aqueous so-
lutions — ¢KATARINA JOSIFOVSKA, MARCO SCHONIG, and ROLF SCHUSTER —
Karlsruhe Institute of Technology, Kaiserstrafle 12, 76131 Karlsruhe
The adsorption of pyridine on gold surfaces has been often studied by apply-
ing various electrochemical, microscopic and spectroscopic techniques. Corre-
sponding to reported data, pyridine adsorption occurs in anodic direction in two
different structural orientations [1,2,3].

In attempt to describe the adsorption, we used different concentrations of pyri-
dine in aqueous solutions over Au(111), on which we conducted electrochemical
microcalorimetric measurements in our home-build calorimeter [4]. We mea-
sured the Peltier heat which provides direct information on the reaction entropy
of the electrochemical processes, scanning the whole adsorption region.

Negative entropy was found for the anodic processes, with a strong minimum
of ca. -170 J/mol*K that was observed at about the same potential at which the
reorientation occurs. This entropy reduction is in line with adsorption of weakly
solvated neutral molecules from the solution, but also other processes, such as
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ion transport, entropy from double layer polarization, and/or accompanying sol-
vent reorientation might contribute.

[1] L. Stolberg et al., J. Electroanalytical Chem. 1991, 241, 307. [2] J. Li et al,,
J. Am. Chem. Soc. 2015, 137, 2400. [3] S. Igbal et al., Electrochimica Acta 2015,
186, 427. [4] R. Schuster, Curr. Opin. Electrochem. 2017, 1, 88.

0106.3 Thul13:30 P
Thermodynamic and kinetic data of the hydrogen evolution reaction (HER)
from electrochemical microcalorimetry. — eMARCO SCHONIG and ROLE
ScHUSTER — Karlsruher Institut fiir Technologie, Deutschland
The hydrogen evolution reaction (HER) is an often investigated model electro-
catalytic reaction. However, there are still open questions, like the influence of
the alkaline metal cations in alkaline solution[1].

We measured the exchanged heat during the HER on Pt upon short poten-
tial or current pulses. The evolved heat is made up of reversible and irreversible
contributions, which can be disentangled by measuring with different pulse po-
larities[2]. From the reversibly exchanged heat we derived the reaction entropy.
The irreversible contribution to the exchanged heat corresponds to the overpo-
tential. Thus, from the calorimetric data we can derive the overpotential as a
function of current density, which allows for the determination of the exchange
current density of the reaction and provides an alternative to the determination
of kinetic parameters from Tafel plots.

The determined reaction entropies agree well with the standard reaction en-
tropy of the HER in the respective solutions [3]. For the exchange current den-
sity, we found 1.3 mA/cm2 for 0.1 M LiOH. For 0.1 M KOH and 0.1 M CsOH
lower values were found, which is in accordance with trends observed in the
literature[1].

[1] A.S. Bandarenka et al., ChemElectroChem 2018, 5, 2326.[2] R. Schuster,
Curr. Opin. Electrochem. 2017, 1, 88.[3] B.E. Conway et al., J.Chem. Soc, Fara-
day Trans. 1 1978, 74,1373.

01064 Thul3:30 P

Ni(OH), modified Cu(111): interfacial water structure and electrocataly-
sis — eANDREA AUERI, FrANCISCO J. SARABIAZ, DANIEL WINKLERI, VICTOR
CLIMENTZ, Juan FELIUZ, and JuLia KuNze-LiEBHAUSER' — !Institute of Physi-
cal Chemistry, University Innsbruck, Austria — *Instituto Universitario de Elec-
troquimica, Universidad de Alicante, Spain
The design of bimetallic electrodes is one key tactic to tune their activity and se-
lectivity for electrocatalysis. Here, irreversible adsorption of Ni ions! was used
to prepare Ni(OH), modified Cu(111) electrodes with different coverages and to
study their effect on the hydrogen evolution reaction (HER) and CO reduction
in alkaline media. To investigate the structure-activity relation, electrochem-
ical scanning tunneling microscopy was performed and shows morphological
changes upon modification consistent with adsorption of Ni(OH), on the step
edges. The presence of Ni(OH), on Cu(111) leads to an enhancement in the
rate of the HER, similar to Ni(OH),/Pt(111) electrodesm, but also changes the
selectivity of the CO reduction. Intriguingly, laser induced temperature jump
experiments reveal that the Ni(OH), modification influences the charge distri-
bution at the interface by a decrease of the electric field strength. This implies an
easier reorganization of the interfacial water molecules facilitating charge trans-
fer through the double layer, and thus enhancing the electrocatalytic reaction.

[1] E J. Sarabia, P. Sebastian-Pascual, M. T. M. Koper, V. Climent, J. M. Feliu,
ACS Appl. Mater. Interfaces 2019, 11, 1, 613-623.

0106.5 Thul13:30 P
Amino acids adsorption at electrified gold/aqueous interface — <DENYS
Biriukov? and ZpeNEk FuTERA® — 'Institute of Organic Chemistry and Bio-
chemistry, Czech Academy of Sciences, Flemingovo nam. 2, 16610 Prague 6,
Czech Republic — “Institute of Physics, Faculty of Science, University of South
Bohemia, Brani$ovska 1760, 370 05 Ceské Budéjovice 2, Czech Republic
Molecular detailization of gold/aqueous interfaces in an external electric field
stimulates various applications in electrochemistry. In this contribution, we in-
vestigate the adsorption of several, particularly charged amino acids, since they

represent principal components of proteins and other molecular junctions. Us-
ing all-atom molecular dynamics simulations and free energy calculations, we
show that positively charged amino acids exhibit larger interfacial changes than
negatively charged when an external electric field is applied. The reason is the
ability of the side-chain of positively charged amines to replace water molecules
in the first adsorption layer at Au (111) surface. Charge-neutral amino acids are
also capable to penetrate into the interfacial water structure, so their response to
an applied electric field reflects that of positively charged amino acids. However,
it is overall less significant due to charge-neutrality of the molecule. Contrary,
negatively charged carboxylates adsorb with their carboxyl group further from
the surface, i.e., an applied electric field acting on the side-chain is screened by
the solvent. This leads to reduced electric field effects and weaker adsorption in
general. Current results provide a useful information, which may help to inter-
pret complex electrokinetic phenomena.

0106.6 Thul3:30 P
In-situ optical detection of charge distributions at electrified solid-liquid
interfaces — ¢CHRISTOPH COBET, SAUL VAZQUEZ-MIRANDA, Luis RosiLLO-
ORrozco, and Kurt HINGERL — Johannes Kepler University, Altenbergerstr 69,
4040, Linz, Austria
Polarization optical methods like Spectroscopic Ellipsometry are used by us to
determine the distribution of charges, i.e. electrons and ions, and their potential
dependent variation in the uppermost atomic layers of a working electrode as
well as in the inner Helmholtz plane above. Our focus lad initially on planar sur-
faces with regular atomic structure to discriminate the different contributions to
the optical response. On the one hand, the aforementioned optical probes are ex-
tremely sensitive to electronic surface/interface changes even in the presence of
sub-monolayer changes. On the other hand, exactly this advantage often makes
it problematic to extract quantitative information. But we will show that valuable
additional information is accessible which is in parts complimentary to results of
conventional methods such as impedance spectroscopy, EC-STM or novel XPS
approaches. This will be demonstrated for single crystalline metal (Cu) as well
as metal-oxide (ZnO) surfaces; both drosophila-like examples of catalytic sur-
faces where the optical resonances of Drude electrons, of electrons in surface
states and of electronic states in the electrostatic as well as strain field at elec-
trified solid-liquid interfaces contribute to the measured signal. [1] S. Vazquez-
Miranda, et.al.: J. Phys. Chem. C 124, 5204 and 25403 (2020); [2] M.-H. Chien,
et.al.: J. Phys. Chem. C 122, 8984 (2018), [3] G. Barati, et.al.: Langmuir 30, 14486
(2014)

0106.7 Thul3:30 P
Electrochemical properties of Ru(0001) - pH effects, anions effects and
anodic H, formation — <ALBERT K. ENGSTFELD!, SIMON WEIZENEGGER,
ZENONAS ]USYSZ, JoacHIM BANSMANNZ, JAKUB DrNEC® , and R.JURGEN BeuM?
— !Institute of Electrochemistry, Ulm University, Ulm — “Institute of Surface
Chemistry and Catalysis, Ulm University, Ulm — 3ESRE, Grenoble, France
The electrochemical properties of Ru electrodes in aqueous electrolyte are very
complex since it interacts strongly with anion species and shows overlapping sur-
face redox processes. Furthermore, it has recently been shown in HCIO, elec-
trolyte that hydrogen adsorbed in the hydrogen evolution region, is desorbed
in the positive-going scan by hydroxyl displacement from the surface, to form
H, at potentials more positive than the equilibrium potential of E(%HZ/HJ') =
0V, instead of forming H*.[1] Here we present the electrochemical properties
of Ru(0001) in acid and alkaline electrolytes. The electrodes were prepared un-
der UHV conditions and investigated in an electrochemical flow cell combined
with differential electrochemical mass spectrometry (DEMS). With the DEMS
data, we provide direct evidence for hydrogen adsorption in H,SO, electrolyte,
which was so far not considered. Additional surface X-Ray diffraction (SXRD)
measurements in H,SO, reveal a strong hysteresis in the potential dependent
structural properties and adlayer composition. The herein reported processes
are suggested to be characteristic for other strongly interacting metals in gen-
eral. [1] Scott & Engstfeld, et al, CatSciTechnol, 10 (2020) 6870

0 107: Poster Session VIlI: Poster to Mini-Symposium: Manipulation and control of spins on
functional surfaces IV

Time: Thursday 13:30-15:30

0107.1 Thul13:30 P
First Principles modelling of Supramolecular Spin-valves — ¢JoRGE OLI-
VARES, ARTEM FEDI1AI, and WOLFGANG WENZEL — Karlsruhe Institute of tech-
nology, Institute of Nanotechnology, Karlsruhe, Germany
Molecular spintronics uses the spin degree of freedom to develop technology
that can control electrical currents in nanodevices. A good understanding of the
underlying physics in nanoscale systems and reliable technical tools for simulat-
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ing them are required to exploit the full capacity of the spin degree of freedom
in molecules. Experimental setups have shown a remarkable spin-dependent
behaviour of the current (Magnetoresistance) through a carbon nanotube dec-
orated with single molecular magnets (SMMs). We present results of ab-initio
simulations on Carbon nanotubes (CNT) decorated by two terbium phthalocya-
nine (SMMs). The transmission coefficient and density of states were calculated
using the Non-Equilibrium Green’s function (NEGF) formalism. We show the
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dependence of the transmission coefficient with respect to the relative spin orien-
tation of the SMMs. Our results show how the different spin states of the system
CNT+SMMs affects the transmission through a CNT as well as the advantages
and limitations of an non-interactive approach. The system under study, allows
us to extend our approach to any periodic sytem and different types of SMMs,
opening a field of ab-initio studies of nano-electronic spintronic devices in the
non-interacting and possibly to the interacting regimes.

0107.2 Thul3:30 P
Inducing carbon magnetism in nanographenes — <EL1A Turco', SHANTANU
MisHRA!, Pascar RurriEux!, and Roman Faserb? — 1Empa—Swiss Federal
Laboratories for Materials Science and Technology, Dubendorf, Switzerland —
*Department of Chemistry and Biochemistry, University of Bern, Bern, Switzer-
land.
Magnetism is historically associated to d- and f-block elements of the periodic
table, which form the basis for modern information storage technologies. How-
ever, recent advances on the bottom-up synthesis of low-dimensional materials
revealed the emergence of non-trivial magnetic states in all-carbon compounds.
The low spin-orbit and hyperfine couplings in carbon, along with the possi-
bility of electric-field control of magnetism, provides unique opportunities in
emerging technologies such as quantum computation. The electronic structure
of nanographenes can be selectively controlled through variation in size, shape
and edge structure, allowing to experimentally realize new quantum properties,
including magnetism. In this contribution, we investigate the on-surface synthe-
sis of z-shaped nanographenes belonging to the zethrene family. Single molecule
scanning probe measurements reveal the transition from a closed-shell to an
open-shell singlet ground state with increasing zethrene length. In the longest
analogue, singlet to triplet spin excitation are detected via inelastic electron tun-
neling spectroscopy, unveiling a magnetic exchange coupling of 50 meV. These
results open new perspectives for the realization of organic magnetic devices op-
erating at practical temperatures.

0107.3 Thul3:30 P
Supercurrent Reversal through Atomic Scale Yu-Shiba-Rusinov States —
+CHRISTIAN R. AsT!, Sujoy KaRAN', HAONAN HUANG!, CIPRIAN PADURARIU®,
BjORN KUBALAs, GONZALO MORRASZ, ALFREDO LEVY YEYATIZ, JuaN CAR-
LOS CUEVASZ, JoAacHIM ANKERHOLD3, and Kraus Kern* — 'MPI fiir Fes-
tkorperforschung, Stuttgart — *Universidad Auténoma de Madrid, Spain —
3Universitit Ulm — *EPFL, Lausanne, Switzerland
Magnetic impurities on superconductors give rise to discrete bound states inside
the superconducting gap known as Yu-Shiba-Rusinov (YSR) states. Varying the
impurity-superconductor coupling induces a quantum phase transition (QPT)
as the YSR state energy passes through zero. The concomitant sign change in the
Josephson current — a long sought for hallmark of this QPT - has remained elu-
sive so far. Using scanning tunneling microscopy (STM), we demonstrate such
a 0 to 7 transition of a Josephson junction through a YSR state as we continu-
ously change the impurity-superconductor coupling. We detect the sign change
in the Josephson current by exploiting a second transport channel as a refer-
ence in analogy to a superconducting quantum interference device (SQUID),
which provides a rudimentary phase sensitivity for the STM. The change in the
Josephson current through the QPT is significant and demonstrates the role of
the impurity spin as well as the parity change across the QPT.

01074 Thul3:30 P
Spin dependent transmission of nickelocene-Cu contacts probed with shot
noise — MICHAEL MoOHR', RicARDA REUTER', MANUEL GRUBER', DAVID
]ACOBZ, PauLa ABUFAGER3, NIcoLAs LORENTE4, ¢ ALEXANDER WEISMANNI,
and RicuArD BErnDT' — 'Institut fiir Experimentelle und Angewandte
Physik, Christian-Albrechts-Universitdt zu Kiel, D-24098 Kiel, Germany —
2Departamento de Fisica de Materiales, Universidad del Pais Vasco UPV/EHU,
E-20018 San Sebastidn, Spain — 3Instituto de Fisica de Rosario, Consejo Na-
cional de Investigaciones Cientificas y Técnicas (CONICET), Universidad Na-
cional de Rosario, 2000 Rosario, Argentina — *Centro de Fisica de Materiales
CFM/MPC (CSIC-UPV/EHU), E-20018 Donostia-Sebastidn, Spain
The current I through nickelocene molecules and its noise are measured with a
low-temperature scanning tunneling microscope on Cu(100). DFT and many-
body calculations are used to analyze the data. During contact formation, two
types of current evolution are observed, namely an abrupt jump to contact and
a smooth transition. These data along with dI/dV spectra are interpreted in
terms of a transition from a spin-1 to a spin—% state that is Kondo-screened.
Many-body calculations show that the smooth transition is also consistent with
a renormalization of spin excitations of a spin-1 molecule by Kondo exchange
coupling. The shot noise is significantly reduced compared to the Schottky value
of 2el. The noise can be described in the Landauer picture in terms of the spin
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polarization of the transmission of = 35 % through two degenerate d_ -orbitals
of the nickelocene molecule.

01075 Thul3:30 P
Power optimization for spin-orbit torque induced magnetization switching
in a monodomain magnetic particle — «SERGEI VLAsOV!, IcorR LoBaNov',
GRZEGORZ KWIATKOWSKIZ, VALERY UzpIn' , and PaverL E BessaraB"? —
'ITMO University, St. Petersburg, Russia — *University of Iceland, Reykjavik,
Iceland
The discovery of the spin-orbit torque (SOT) has opened a wide range of oppor-
tunities for the efficient manipulation of the magnetization, which is advanta-
geous for spintronics applications. In particular, SOT produced by an in-plane
current in a heavy-metal layer can be used to induce magnetization switching in
a supported ferromagnetic element, thus providing means for bit operations in
nonvolatile magnetic memories.

In this study, we demonstrate employing the optimal control theory that the
energy cost of the SOT-induced magnetization switching can be reduced by
properly tuning the current pulse. We present a complete analytical solution
to the energy-efficient reversal of a macrospin under SOT. We calculate optimal
control paths (OCPs) of the magnetization reversal and reconstruct the time-
dependent amplitude and frequency of both components of the in-plane current.
We also demonstrate the stability of calculated optimal switching protocols with
respect to perturbations in materials properties and temperature.

This work was funded by the Russian Science Foundation (Grant No.19-72-
10138) and the Icelandic Research Fund (Grant No. 184949-052).

0107.6 Thul3:30 P
Spin-polarized photoelectron emission from chiral cobalt oxide layers —
«ONUR GI"JLI, PauL MC')LLERSI, DANIEL NI'JRENBERGl, KOYEL BANERJEE
GHOSHz, WENYAN ZHANGZ, FRANCESCO TASSINARIZ, YITZHAK MASTEIZ, OR-
TAL LIDOR—SHALEVZ, SIMON WEI3, EMIL WIERZBINSKI3, DaviD WALDECKS,
Ron NAAMANZ, and HELMUT ZacHARIAs! — !Center for Soft Nanoscience,
Westfilische Wilhems-Universitit, 48149 Miinster, Germany — “Department of
Chemical and Biological Physics, Weizmann Institute of Science, 76100 Revo-
hoz, Israel — *Chemistry Department, University of Pittsburgh, Pittsburgh, PA
15260, United States
Chiral catalyst surfaces were recently shown to enhance the chemical selectivity
of an electrocatalytic water splitting reaction by aligning the electron spins in the
laboratory frame. [1] [2]

In this contribution we present results of spin-resolved photoemission exper-
iments conducted with chiral cobalt oxide thin films. The photoelectrons were
excited with laser pulses at A = 213 nm, generated as the fifth harmonic of a
Nd:YVO, laser, and the average spin polarization was determined in a Mott scat-
tering apparatus. While only unpolarised electrons were emitted from the achiral
layers, the electrons emitted from chiral layers exibit up to 30 percent spin po-
larization, suggesting that the spin polarization is indeed a consequence of the
chirality of the layers.

[1] S. Ghosh et al,, J. Phys. Chem. C, 123 (2019) [2] K. B. Ghosh et al., ]. Phys.
Chem. C, 124 (2020)

0107.7 Thul3:30 P

Chiral cupric oxide layers as spin-polarizing water splitting catalysts —
«PAUL MﬁLLERSl, DANIEL NfIRENBERGl, KOYEL BANERJEE GHOSHZ, WENYAN
ZHANGZ, FRANCESCO TASSINARIZ, YITZHAK MASTAIZ, ORTAL LIDOR—SHALEVZ,
SIMON WEIS, EmiIL WIERZBINSKIS, Davip WALDECK3, RonN NAAMANZ, and HEL-
MUT ZAcHARIAS' — ! Center for Soft Nanoscience, Westfilische Wilhelms- Uni-
versitit, 48149 Miinster, Germany — 2Department of Chemical and Biological
Physics, Weizmann Institute of Science, 76100 Rehovot, Israel — >Chemistry
Department, University of Pittsburgh, Pittsburgh, PA 15260, United States
Spin-polarized catalytic surfaces can greatly enhance the selectivity of chemical
reactions, e.g., in an electrocatalytic water splitting process. The spin polariza-
tion can be can be generated by the introduction of a chiral catalyst surface. [1,2]
Here, we confirm that spin-polarized photocurrents can be obtained from chiral
cupric oxide (CuO) films, and explore the underlying mechanism. Chiral CuO
films were electrochemically deposited on polycrystalline gold substrates using
a method pioneered by Switzer et al [3]. Photoelectrons were excited with laser
pulses at 213 nm, and their average spin polarization was measured in a Mott
scattering apparatus. The polarization exceeds P = +10 % for 20 nm thin CuO
films with ’L chirality and, notably, is reversed for oxide films of opposite D’
chirality.

[1] S. Ghosh et al,, J. Phys. Chem. C, 123, 3024-3031 (2019)

[2] K. B. Ghosh et al., J. Phys. Chem. C, 124, 22610-22618 (2020)

[3] Kothari et al., Chem. Mater. 16, 4232-4244 (2004)
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0108.1 Thul3:30 P
Electron-phonon band gap renormalization in graphene nanoribbons —
*RODRIGO MENCHON' and ARAN GaRCIA-LEKUE"? — ' Donostia International
Physics Center (DIPC), San Sebastian, Spain — 2Ikerbasque, Basque Foundation
for Science, Bilbao, Spain
During the last decade, on-surface synthesis techniques have paved the way to
the creation of atomically precise carbon-based nanostructures, e.g. 1D stripes
referred to as graphene nanoribbons (GNRs).[1] Alongside these experimental
advancements, first-principle simulations have been pivotal for understanding
and predicting the electronic properties of GNRs. In particular, GNRs with so-
called armchair edges are specially well-studied due to their semiconductor char-
acter.[2,3] This makes them very promising for electronic applications, and, at
the same time, demands a high quality description of their semiconducting gap.
Within this scenario, it would be interesting to address electron-phonon induced
energy renormalization effects and their dependance upon temperature.[4] In
this work, starting from Density Functional Theory simulations the electron self-
energies and the band gap renormalization of armchair GNRs resulting from the
electron-phonon interactions are determined. Our method might be extended
to other semiconducting families of GNRs, 0D systems (e.g. carbon macro-
molecules) or 2D materials (e.g. nanoporous graphene).

References: [1] S. Clair et al., Chem. Rev. 2019, 119, 7, 4717 (2019). [2] L.
Talirz et al., Adv. Mater. 2016, 28, 6222 (2016). [3] J. Lawrence et al., ACS Nano
2020, 14, 4, 4499 (2020). [4] E Brown-Altvater et al., Phys. Rev. B 101, 165102
(2020).

01082 Thul3:30 P
Anomalous low-velocity electronic stopping in proton-irradiated graphene
— «ALiNA KonoNov! and ANDRE SCHLEIFE® — 1Department of Physics, Uni-
versity of Illinois at Urbana-Champaign — “Department of Materials Science
and Engineering, University of Illinois at Urbana-Champaign
Ion beams in high-resolution imaging and patterning techniques can be used
efficiently to manipulate and characterize 2D materials. Low particle velocities
are particularly interesting, since in this regime the drag force induced on an
incident ion by electrons is rife with material-specific effects. Examples include
the threshold velocity for semiconductors and insulators below which an ion
cannot excite electrons across the band gap and electronic stopping vanishes.
In addition, directional bonding in these materials makes electronic stopping
sensitive to the ion’s trajectory even for slow ions, when core electrons are negli-
gible. Graphene, thus, presents a highly interesting case with directional bond-
ing but no band gap. Our real-time time-dependent density functional theory
simulations of proton-irradiated graphene reveal a shoulder in the low-velocity
stopping of channeling protons which does not occur for protons traversing a
centroid path. From analyzing the post-impact band occupations and projectile
charge state, we infer that resonant charge capture from certain valence bands
by channeling protons is responsible for this feature. Our prediction of a new
form of anomalous low-velocity stopping has implications for ion beam imaging,
where such trajectory-dependent behavior could be exploited to achieve high
resolution. (Supported by NSF OAC 17-40219)

01083 Thul3:30 P
Ultrafast dynamics of hot carriers in bulk semiconductors and in accumu-
lation layer: energy relaxation and screening effects. — ¢JELENA SJAKSTE —
LSI, CEA/DRF/IRAMIS, CNRS, Ecole polytechnique, Institut Polytechnique de
Paris, 91120 Palaiseau, France
Electron-phonon coupling determines the charge transport properties in pure
materials as well as the relaxation dynamics of photoexcited carriers. The rapid
development of the computational methods based on density functional the-
ory, on the one hand, and of the time- energy- and momentum- resolved spec-
troscopy, on the other hand, allows today an unprecedently detailed insight into
the role of the electron-phonon coupling [1,2].

In this work, we will present our recent results, both experimental and theo-
retical, on hot electron relaxation in silicon [3]. Moreover, we will present our
recent results, both experimental and theoretical, on the hot electron relaxation
in InSe. InSe is a quasi-2D material which was shown recently to have potential
interest for optoelectronics. In this work, we will discuss our new results on the
relaxation dynamics and screening of the electron-phonon interaction in doped
InSe [4].

References:

[1]]. Sjakste et al, J. Phys: Cond. Mat. 30, 353001 (2018).

[2] Tanimura et al, Phys. Rev. B 93, 161203 (R) (2016).
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[3] Tanimura, Kanasaki, Tanimura, Sjakste, Vast, Phys. Rev. B 100, 035201
(2019).
[4] Chen, Sjakste et al, PNAS 117, 21962-21967 (2020).

01084 Thul3:30 P
Impact of the structural dynamics on the electronic properties of the metal
organic frameworks — «MARIANA KOZLOWSKAI, RITESH HALDARZ, SHAHRIAR
HEIDRICH!, MARCUS ELSTNER®, CHRISTOF WOLL?, and WOLEGANG WENZEL'
— Unstitute of Nanotechnology, Karlsruhe Institute of Technology (KIT), Ger-
many — ?Institute of Functional Interfaces (IFG), KIT — ®Institute of Physical
Chemistry (IPC), KIT
Electronic properties of organic semiconductors (OSC) depend on the assem-
bly of molecules and their vibrational flexibility in a material. These determine
the microscopic intercommunication, resulting in a materials conduction. Here,
we have employed a metal-organic framework (MOF) type of assembly strat-
egy to engineer the arrangement of the (i) OSC pentacene and (ii) the DPA-
TPE (diphenylamine-tetraphenylethylene) chromophore, and demonstrated the
change of the electronic and spectroscopic properties of molecules and films to-
wards assembly in the spatially ordered MOF structure.

Using the combination of DFT, DFT-B, QM/MM methods, the charge carrier
mobility, starting from the band structure and the Marcus charge hopping, to
the direct propagation of charge carriers using the time dependent Schrédinger
equation, coupled to the classical motion of nuclei, were performed. This allowed
to identify localized frustrated rotations of the pentacene, as the reason for the
breakdown of band transport, and constraining of rotations in DPA-TPE, lead-
ing to the TADF emission upon crystallization in MOF.

01085 Thul3:30 P
Tailoring the electronic anisotropy of nanoporous graphene — «XABIER D. DE
Cerio’ and ARAN Garcia-LEkUE" — 'Donostia International Physics Center
(DIPC), San Sebastian, Spain — 2Ikerbasque, Basque Foundation for Science,
Bilbao, Spain
Recent experimental advances have allowed the synthesis of atomically precise
nanoporous graphene (NPG) through the lateral fusion of graphene nanoribbons
(GNRs). Besides being a semiconductor, this novel 2D material exhibits a highly
anisotropic electronic structure, which makes it appealing for electronic, optical,
and sensing applications, and has thus generated great interest [Science 360, 199
(2018); Nano Lett. 19, 576 (2019); J. Am. Chem. Soc. 141, 13081 (2019)]. In this
work, by means of Density Functional Theory (DFT) calculations, we determine
the electronic anisotropy of a new family of NPG, in which atomic scale modifi-
cation of lateral linkers leads to three different inter-ribbon coupling configura-
tions. Our calculations predict different anisotropic behaviour for each coupling
configuration. Additionally, we find that the rotation angle of phenyl rings in the
linkers works as a continuos knob to manipulate the electronic crosstalk between
adjacent GNRs. Supported by on-surface synthesis of this new nanostructure,
we present a proof-of-concept study showing that engineering the linkers is an
efficient way to tune the electronic anisotropy of NPG.

0108.6 Thul3:30 P
Topological semimetallic phase in PbO, promoted by temperature — <Bo
PENGI, Ivona BRAVICI, JupIiTH MACMANUS-DRISCOLLZ, and BARTOMEU
MonserraT > — Cavendish Laboratory, University of Cambridge, . J. Thom-
son Avenue, Cambridge CB3 OHE, United Kingdom — 2Department of Materi-
als Science and Metallurgy, University of Cambridge, 27 Charles Babbage Road,
Cambridge CB3 OFS, United Kingdom
The past decade has witnessed multiple experimental realization and thousands
of predictions of topological materials. However, it has been determined that
increasing temperature destroys topological order, restricting many topological
materials to very low temperatures and thus hampering practical applications.
Here, we propose the first material realization of temperature promoted topo-
logical order. We show that a semiconducting oxide that has been widely used
in lead-acid batteries, 8-PbO,, hosts a topological semimetallic phase driven by
both thermal expansion and electron-phonon coupling upon increasing temper-
ature. We identify the interplay between the quasi-two-dimensional nature of the
charge distribution of the valence band with the three-dimensional nature of the
charge distribution of the conduction band as the microscopic mechanism driv-
ing this unconventional temperature dependence. Thus, we propose a general
principle to search for and design novel topological materials whose topological
order is stabilized by increasing temperature. This provides a clear roadmap for
taking topological materials from the laboratory to technological devices.
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0109.1 Thul13:30 P
Development of a Neural Network Potential for Metal-Organic Frameworks
— eMar1us HERBOLD and JORG BEHLER — Georg-August Universitit Gottin-
gen, Institut fiir Physikalische Chemie, Theoretische Chemie, Tammannstrafle
6, 37077 Goéttingen, Germany
Metal-organic frameworks (MOFs) are crystalline porous materials with many
applications in chemistry and materials science, from gas separation to hetero-
geneous catalysis. Computer simulations of chemical processes in MOFs are
severely limited by the use of classical force fields (FFs), because most FFs are
unable to describe bond formation and breaking. In principle, electronic struc-
ture methods, like density-functional theory (DFT), can overcome this problem,
but often the required systems are too large for routine applications of DFT. A
high-dimensional neural network potential (NNP) combines the advantages of
both worlds - the accuracy of first principle methods with the efficiency of simple
empirical potentials. Here we present a method to construct a NNP for MOFs
using size-converged fragments only.

0109.2 Thul3:30 P
Predicting hydration layers on surfaces using deep learning — «YASHASVI
S RANAWATI, YGor M ]AQUESI, and Apam S FosTer'? — 1Department of
Applied Physics, Aalto Uiversity, Finland — *WPI Nano Life Science Institute
(WPI-NanoLSI), Kanazawa University, Kakuma-machi, Kanazawa 920-1192,
Japan
Surface characterisation at the nano-scale of a mineral-water interface has appli-
cations in understanding many technological and natural processes dominated
by the mineral-water interactions, for example biominerelisation, corrosion etc.
Atomic Force Microscopy (AFM) has the potential to characterise such surfaces.
The image mechanism is governed by the complex interplay of the tip with the
hydration layers over the surface and hence high resolution requirements pose a
challenge. A direct link between the AFM images and water density over a sur-
face has paved the way for theoretical molecular dynamics methods to simulate
the density over a given surface, and therefore the AFM image. The computa-
tionally intense theoretical approaches have helped with the surface characteri-
sation. However the search space, given a hydration layer image, is wide and the
approach is prohibitively expensive. Here we introduce deep learning methods
to swiftly and reliably predict the hydration layer over a given surface. These
methods are tested on the polymorphs of calcium carbonate.

0109.3 Thul3:30 P
In Silico prediction of antibacterial activity of sesquiterpene lactones us-
ing density-functional theory and quantitative structure-activity relationship
methods — <FABIAN PUGAI, ALicjA MIKOLA]CZYKZ, Paora ORDONEZI, and
Henry Pinto! — 1Yachay Tech University, Ecuador — 2University of Gdansk,
Poland
Antibiotic resistance is a problem that involves every humanity. Therefore, the
development of new and effective anti-bacterial components is of vital impor-
tance. Organic molecules called Sesquiterpene Lactones (STL) have shown a
wide spectrum of biological activities especially antibacterial activity against
methicillin-resistant staphylococcus aureus (MRSA). Unfortunately, the experi-
mental methods to study the effectiveness of plant-based antibiotics are expen-
sive and time-consuming. In order to tackle these limitations in silico studies
can be applied to accelerate the development of more efficient antibiotics. In this
study, electronic structure calculations on 21 STL were performed to develop a
model capable to predicting the antibacterial activity of new STL molecules. By
using an optimal combination of density-functional tight-binding method and
ab initio density-functional theory calculations, we were able to calculate the
most energetically favorable conformers, their atomic structure and physical-
chemical properties. Then using these values QSAR models considering exper-
imental antibacterial activity were developed. Preliminary results suggest that
models that includes the HOMO and electronic energy correlates better the an-
tibacterial activity. These results could allow reliable prediction of antibacterial
activity for new STL.

01094 Thul3:30 P
Excitonic Wave Function Reconstruction from Near-Field Spectra Using
Machine Learning Techniques — FULU ZHENG', SIDHARTHA NAYAK?, and
ALEXANDER EIsreLp’ — !Bremen Center for Computational Materials Sci-
ence, University of Bremen, Bremen, Germany — “Max Planck Institute for the
Physics of Complex Systems, Dresden, Germany
A general problem in quantum mechanics is the reconstruction of eigenstate
wave functions from measured data. In the case of molecular aggregates, infor-
mation about excitonic eigenstates is vitally important to understand their opti-
cal and transport properties. Strong interactions between the transition dipoles
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of the molecules lead to delocalized excitonic eigenstates where an electronic ex-
citation is coherently shared by many molecules [1]. Here we show that from
spatially resolved near field spectra it is possible to reconstruct the underly-
ing delocalized aggregate eigenfunctions [2, 3]. Although this high-dimensional
nonlinear problem defies standard numerical or analytical approaches, we have
found that it can be solved using a convolutional neural network. For both one-
dimensional and two-dimensional aggregates the reconstruction is robust to var-
ious types of disorder and noise. The methodology can be easily applied to more
complicated cases, promoting information extraction from experimental data in
a wide variaty of applications.

[1] A. Eisfeld, C. Marquardt, A. Paulheim, and M. Sokolowski, Phys. Rev. Lett.
119, 097402 (2017).

[2] X. Gao and A. Eisfeld, J. Phys. Chem. Lett. 9, 6003 (2018).

[3] E. Zheng, X. Gao and A. Eisfeld, Phys. Rev. Lett. 123, 163202 (2019).

0109.5 Thul3:30 P
Prediction of energetics in nucleation and non-equilibrium growth using
machine learning — «THOMAS MARTYNECI, SABINE H. L. KLAPPI, and STE-
FAN Kowarik? — ' Technische Universitit Berlin — “Karl-Franzens-Universitit
Graz
Machine learning is playing an increasing role in the discovery of novel materials
and may also facilitate the search for optimum growth conditions of crystals and
thin films of these materials. We demonstrate that a convolutional neural net-
work that is trained on snapshots of surface configurations can predict the un-
derlying lateral binding energy and diffusion barrier. Specifically, a single KMC
image of the morphology is sufficient to determine the energy barriers with high
accuracy for energies in the range of 100 - 550 meV. The CNN can also make
correct predictions for images with noise and lower than atomic-scale resolu-
tion. We expect our machine learning method to be of use for both, fundamen-
tal studies of growth kinetics and for faster optimization of low defect materials
growth.

0109.6 Thul3:30 P
Predicting the activity and selectivity of bimetallic metal catalysts for ethanol
reforming using machine learning — «NoNGNUCH ARTRITH — Columbia Cen-
ter for Computational Electrochemistry, Columbia University, New York, NY,
10027 USA
Machine learning (ML) has proven a powerful tool for accelerating the com-
putational characterization of energy materials. There is a growing number of
case studies identifying descriptors of catalytic performance using ML instead
of physical intuition. ML is ideally suited for the pattern detection in large uni-
form data sets, but consistent experimental data sets on catalyst studies are of-
ten small. Here we demonstrate how a combination of machine learning and
first-principles calculations can be used to extract knowledge from a small set of
experimental data.! The approach is based on combining a complex ML model
trained on a computational library of transition-state energies with simple lin-
ear regression models of experimental catalytic activities and selectivities. Us-
ing the combined model, we identify the key C-C bond-scission reactions in-
volved in ethanol reforming and perform a computational screening for ethanol
reforming on monolayer bimetallic catalysts with architectures TM-Pt-Pt(111)
and Pt-TM-Pt(111) (TM = 3d transition metals). The model also predicts four
promising catalyst compositions for future experimental studies. The approach
is not limited to ethanol reforming but is of general use for the interpretation of
experimental observations as well as for the computational discovery of catalytic
materials.? [1] N. Artrith, Z. Lin, J.G. Chen, ACS Catal. 10 (2020) 9438-9444.
[2] N. Artrith, Matter 3 (2020) 985-986.

0109.7 Thul3:30 P
Using Neural Evolution algorithm to generate disordered High Entropy
Alloys structures — ¢CONRARD GIRESSE TETSASSI FEUGMOI, KEVIN
RYCZKOZ’S, ABU ANAND4, CHANDRA SINGH4, and Isaac TamBLYN'?? —
!National Research Council Canada — ?Department of Physics , University of
Ottawa — *Vector Institute for Artificial Intelligence, Toronto, Ontario, Canada
— “Department of Materials Science and Engineering , University of Toronto
A new inverse design approach using pair distribution functions and atomic
properties have been implemented. The generative model combines artificial
neural networks (ANNs) and genetic algorithms (GAs) to build high disordered
crystal structures. The method was introduced by Ryczko et. al. [J. Phys. Chem.
C 124, 26117 (2020).] to optimize the doping of graphene-based three-terminal
devices for valleytronic applications. Models have been optimized for multicom-
ponent alloy systems such as High Entropy Alloys (HEAs) and structures have
been compared to the Special quasi-random (SQSs). Unlike the SQSs, the av-
erage optimization time increase slow with the size of the system (ration 1.4).
Moreover, the model is able to generate structures with more than 8000 atoms
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in a few hundred seconds. Finally selected generated structures have been using
to compute properties such as the elastic constants, the bulk modulus, and the
Poisson ratio, and the results are similar to the SQSs.

0109.8 Thul13:30 P
Automatic image evaluation of aberration-corrected HRTEM images of 2D
materials. — ¢CHRISTOPHER LEIST, HAOYUAN QI, and Utk Ka1ser — Cen-
tral Facility for Electron Microscopy,of Electron Microscopy Group of Materials
Science, Ulm University, 89081 Ulm, Germany
Aberration-corrected high-resolution transmission electron microscopy
(HRTEM) allows for unambiguous elucidation of atomic structures down to
sub-Angstrom scale. By determining the positions of each single atom, the
distribution and local variation of bond lengths and angles can be evaluated sta-
tistically. However, conventional image analysis methods, e.g., handcrafted filter

kernels, often requires heavy user supervision and tremendous time cost, posing
strong limitations on the data volume for statistical analysis. The incompetence
in handling big data volume also incurs the risk of user-induced selection bias,
leading to overestimation of low-probability phenomena. Here, we developed a
neural network of U-net architecture for automatic analysis of atomic positions
in HRTEM images. A combination of networks can be applied to automatically
evaluate image series, including automatic exclusion of image regions unusable
for evaluation. This method results in large statistics thus reducing the impact of
individual errors. The networks are trained with simulated data which reduces
user bias and gives a time inexpensive way of generating the required training
data. Its implementation on various 2D carbon materials is compared to one
another. The distribution of bond angles in CVD graphene, determined by this
method, shows excellent agreement with literature.

O 110: Poster Session VIII: Poster to Mini-Symposium: Dzyaloshinskii-Moriya Interaction (DMI) in
magnetic layered systems

Time: Thursday 13:30-15:30

0110.1 Thul13:30 P
Magnetic exchange interactions at proximity of a superconductor — «URIEL
ALLAN ACEVES RODRIGUEZ', SAscHA BRINKER', FILIPE Souza MENDES
GUIMARAESZ, and Samir Lounis™® — !Peter Griinberg Institut and Institute
for Advanced Simulation, Forschungszentrum Jiilich & JARA, 52425 Jiilich, Ger-
many — *Jiilich Supercomputing Centre, Forschungszentrum Jiilich & JARA,
52425 Jiilich, Germany — >Faculty of Physics, University of Duisburg-Essen,
47053 Duisburg, Germany
Magnetic impurities coupled to superconductors give rise to a plethora of
rich physics such as sub-gap states like Yu-Shiba-Rusinov states and Majorana
zero modes, which constitute key mechanisms on the road towards a topo-
logical quantum computer. The interplay of spin-orbit coupling and (non-
collinear) magnetism enrich the complexity and topological nature of the in-gap
states hosted in proximity-induced superconductors. However, little is known
about the impact of superconductivity on the different contributions to the
magnetic exchange interactions, like the bilinear isotropic exchange and the
Dzyaloshinskii-Moriya interaction — and in turn the impact on the magnetic
textures. In this work, we propose a method for the extraction of the tensor of
exchange interactions in the superconducting regime as described in the frame-
work of the Bogoliubov-de Gennes method. We investigate various 3d monolay-
ers deposited on the Nb(110) surface based on our multi-orbital tight-binding
code TITAN.
-Work funded by Horizon 2020-ERC (CoG 681405-DYNASORE).

01102 Thul3:30 P
Stabilizing Zero-Field Skyrmions with Cobalt-decorated Edges in Ultrathin
Films — ¢JoNAS SPETHMANN, ELENA VEDMEDENKO, ROLAND WIESENDANGER,
ANDRE KUBETZKA, and KIRSTEN VON BERGMANN — Department of Physics,
University of Hamburg, 20355 Hamburg, Germany
Magnetic skyrmions are promising candidates to serve as information carriers in
the emerging field of spintronic memory and logic devices. In such devices it is
quintessential to prevent the loss of information. One common pathway towards
skyrmion destruction is via the edge of the skyrmion material. This could prove
detrimental in any potential skyrmion racetrack device, due to the magnus force
driving the skyrmions towards the racetrack edge [1]. In our model system, a bi-
layer of Pd/Fe on the Ir(111) surface [2], skyrmion collapse at the edge becomes
the prevalent skyrmion destruction pathway for small external magnetic fields
[3]. We modify the Pd/Fe island edge by adding Co to the system and investigate
it using spin-polarized STM. The Co-decorated edges strongly affect the mag-
netic ground state of Pd/Fe, by changing the spin spiral propagation direction.
Surprisingly, we also observe single skyrmions and occasionally 277 skyrmions in
the magnetic virgin state. Additionally, we find that at fields above 1 T skyrmions
can pin to the Co edge without collapsing and utilize spin dynamics simulations
to investigate this phenomenon.
[1] W. Jiang et al., Nature Physics 13, 162-169 (2018).
[2] N. Romming et al., Science 341, 636-639 (2013).
[3] P. F. Bessarab et al., Sci. Rep. 8, 3433 (2018).

01103 Thul3:30 P
First-principles study of exchange frustration and DMI in Rh/Co/Fe/Ir mul-
tilayers — *FELIX NICKEL, SEBASTIAN MEYER, and STEFAN HEINZE — Institute
of Theoretical Physics and Astrophysics, University of Kiel
Magnetic skyrmions are promising for data storage, logic devices, and neu-
romorphic computing. Materials, which can host nanoscale skyrmions in zero
magnetic field at room temperature, are desirable for such applications. Recently,
it has been shown that ultrathin Rh/Co films on Ir(111) exhibit skyrmions with
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diameters below 10 nm at zero magnetic field [1]. In magnetic multilayers, room
temperature skyrmion with diameters of 30 nm - 90 nm have been reported [2].
The Dzyaloshinskii-Moriya interaction (DMI), the exchange interaction, and
the magnetocrystalline anisotropy are the main characteristics that make mate-
rials capable of hosting such complex spin structures. Here, we present density
functional theory calculations for transition-metal multilayers consisting of Co,
Fe, Ir, and Rh layers. We varied the thickness and material for the magnetic
layer (Co and Fe) and the spacer layer (Ir and Rh), as well as the stacking of the
individual layers. We present how the magnetic interactions depend on those
structural conditions. We demonstrate that it is possible to transfer the proper-
ties of the ultrathin film system Rh/Co/Ir(111) [1] to a multilayer system.

[1] Meyer et al., Nat. Commun. 10, 3823 (2019)

[2] Moreau-Luchaire et al., Nat. Nanotechnol. 11, 444 (2016)

01104 Thul3:30 P

Emergence of Magnetic Skyrmions in Ultrathin Films of Manganese on
W(001) at High Magnetic Fields — <REINER BRUNING, KIRSTEN VON
BERGMANN, ANDRE KUBETZKA, and ROLAND WIESENDANGER — Festkorper-
und Nanostrukturphysik, Hamburg, Deutschland
Topological spin textures like skyrmions with diameters on the order of a few
nanometers are promising objects for the application in the field of spintronics.
Whereas typical skyrmion systems like Pd/Fe bilayers on Ir(111) [1] have hexag-
onal symmetry, here, we investigate a monolayer of Mn on the square lattice of
W(001) using spin-polarized scanning tunneling microscopyat4.2K. AtB =0T,
the known magnetic ground state of a spin spiral with two rotational domains
[2] is observed. The measurements at 9 T show that the external magnetic field
initializes the transition from the spin spiral to small skyrmion areas and leads to
a coexisting state of the spin spiral phase and the skyrmion phase. Thereby, the
skyrmions arrange themselves in small areas in a hexagonal like order, accord-
ing to the recent simulations of the sample system [3]. At high bias voltages of
1-2 V we observe square magnetic patterns, even in zero magnetic fields. We in-
terpret these square patterns as time-averaged superpositions of rotational spiral
domains, driven by excitations by the tunneling electrons.

[1] N. Romming et al., Science, 341, (2013)

[2] P. Ferriani et al., Phys. Rev. Lett. 101, 027201 (2008)

[3] A. K. Nandy et al., Phys. Rev. Lett. 116, 177202 (2016)

01105 Thul3:30 P
Dzyaloshinskii-Moriya interaction induced by an ultrashort electromagnetic
pulse: Application to coherent (anti)ferromagnetic skyrmion nucleation —
«LOUISE DESPLATI, SEBASTIAN MEYERZ, JuBa BOUAZIZ?’, PATRICK M. BUHL4,
Samir Lounis® , BERTRAND DUPéS’Z’l, and PAUL-ANTOINE HERVIEUX'
!Université de Strasbourg, CNRS, IPCMS, Strasbourg, France — *Nanomat/Q-
mat/CESAM, Université de Liége, Belgium — *Peter Griinberg Institut and Insti-
tute for Advanced Simulation, FZ Jiilich and JARA, Jiilich, Germany — Institute
of Physics, Johannes Gutenberg University Mainz, Germany — °FNRS, Brussels,
Belgium
‘We show how, at ultrashort timescales, a Dzyaloshinskii-Moriya interaction can
be generated in metallic thin films by an electromagnetic pulse. This interac-
tion originates from the spin-orbit coupling between the pulse-induced elec-
tric field and the spins of the delocalized electrons of the material'. We per-
form density functional theory calculations to estimate the strength of this field-
induced interaction in Fe, Co, Ni, and Mn monolayers, as well as FePt and
MnPt alloys. Last, using atomistic simulations, we demonstrate how an isolated
(anti)ferromagnetic skyrmion can be coherently nucleated from the collinear
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background by an electric field pulse at the 100-fs timescale’. These results pro-
vide a new handle for an ultrafast, coherent control of noncollinear magnetic
states.

[1] Imamura et al. PRB 69, 121303(R) (2014) ; Hinschberger et al., PRA 93,
042117 (2016) ; Bouaziz et al. New J. Phys. 19, 023010 (2017) [2] Desplat et al.
ArXiv:2011.12055 (2020)

O 111: Key Note VIII

Time: Thursday 15:30-16:00

Plenary Talk O111.1 Thul5:30 RI1
Light-matter interaction at the atomic scale — +Kraus KErn — MPI for Solid
State Research, Stuttgart, Germany — Institute of Physics, EPFL, Lausanne,
Switzerland

Light-matter interaction drives many different systems such as optoelectronic
devices like light-emitting diodes and solar cells, biological structures like pho-
tosystem II, and potential future quantum devices. The absorption or emission of
light is typically a local process occurring on the sub-nanometer scale. Concomi-
tantly, the involved processes are fast and take place on attosecond to picosecond
time scales. The interaction of electromagnetic radiation with matter at atomic

Location: R1

scales can be studied by using a scanning tunneling microscope, whereby the
two separate domains of spatial and temporal resolution at its atomic limits are
accessed by coupling light into or extracting light from the tunnel junction. Elec-
tromagnetic radiation couples with matter through the interaction with charge
carriers (electrons and holes), leading to excitations such as electronic transi-
tions, collective oscillations, excitons, and spin flips. New approaches in which
light interacts with the tunnel junction itself or with a quantum system in the
junction now allow studying these excitations with highest spatial and temporal
resolution. In this talk, I discuss the powerful union of photonics and scanning
probe techniques and highlight the frontiers of current research.

0 112: Announcement of Gerhard Ertl Young Investigator Award and Concluding Remarks

Time: Thursday 16:00-16:15

Ulrike Diebold, TU Vienna, Vice-Chair Surface Science Division
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