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O 58.1 Wed 18:00 P4
Fully Atomistic Modelling of Tip-enhanced Raman Spectra
from First Principles — eYAIrR LiTMAN, FRANCO BONAFE, ALAA
AkkousH, HEiko ApPPEL, and MARIANA Rossi — MPI for the Struc-
ture and Dynamics of Matter, Hamburg, Germany.

Tip-enhanced Raman scattering (TERS) has emerged as a powerful
tool to study surfaces with subnanometer spatial resolution [1]. In
particular, single-molecule TERS studies have shown the capability to
visualize high-resolution images of individual molecular normal modes
in real space [2]. Theoretical simulations that can provide an unam-
biguous interpretation and atomic description of obtained TERS im-
ages often rely on crude approximations of the local electric field [3].
In this work, we present a novel method to compute TERS images
by combining Time Dependent Density Functional Theory (TDDFT)
and Density Functional Perturbation Theory (DFPT) to calculate Ra-
man cross sections with realistic local fields. The new approach allows
for a fully ab initio atomistic description of the tip-molecule-surface
system, and naturally incorporates chemical effects arising from the
molecule-surface interaction. We show results for benzene and pyri-
dine and discuss the importance of a realistic description of the local
field, and self consistent evaluation of the electronic density response.
Finally, we evaluate the use of 2D TERS imaging as an identification
tool for defects in 2D materials. [1] M. Richard-Lacroix, et al., Chem.
Rev. 56, 3922 (2017) [2] L. Joonhee, et al., Nature 568, 78 (2019) (3]
P. Liu, X. Chen, H, Ye, and L. Jensen, ACS Nano 13, 9342 (2019)

O 58.2 Wed 18:00 P4
Deep learning based signal processing for touch-sensitive sur-
faces — eJakoB ELSNER, VIKTOR FAIrRUscHIN, and THORSTEN Up-
HUES — Institute for Sensor and Actuator Technology, Coburg, Ger-
many

Touch-sensitive surfaces enable intuitive and efficient operation of elec-
tronic devices and eliminate the need for external peripherals and me-
chanical components, making touch technology increasingly important
in the modern society. However, conventional touch technologies, i.e.
capacitive, resistive or optical, are usually limited to non-metallic ma-
terials that hardly meet the stringent requirements for robustness and
hygiene in a medical environment. Stainless steel is one of the most
commonly used materials in medical fields due to its high strength,
chemical resistance and excellent hygienic properties. In this work, we
present a novel approach based on Lamb wave technology and deep
learning analytics, and apply this new principle to design a stainless
steel touch-sensitive surface. Compared to Rayleigh wave-based touch
technology, our approach requires no additional reflective structures
and involves only a single piezoelectric transducer used to monitor the
entire surface, while position-sensitive information is extracted from
raw Lamb wave signals using a trained deep neural network.

O 58.3 Wed 18:00 P4
Enhanced Sampling of Surface Reactions Using Boltzmann
Generators — eDaviD HEeriNng, Jonannes T. MARGRAF, and
KARrsTEN REUTER — FHI Theory Department, Berlin, DE

Computational surface science and catalysis research is still mainly
conducted with static density functional theory (DFT) calculations.
This approach is computationally convenient, but misses important
aspects of surface chemistry, such as anharmonic free energy contribu-
tions. In principle, DFT-based molecular dynamics (MD) simulations
(ideally combined with enhanced sampling algorithms) would allow
a much more accurate description of these processes. Unfortunately,
these are far too expensive to be routinely applied to complex sur-
face/adsorbate systems. This is due to the fact that configurations in
MD are generated sequentially. As a consequence, MD configurations
are not statistically independent so that a very large number of sam-
ples is required to obtain converged ensemble properties. To overcome
this limitation, Noé and co-workers recently proposed a generative ma-
chine learning model called the Boltzmann Generator, which was used
to generate independent configurations of biomolecules. In this con-
tribution, we explore how Boltzmann Generators can also be used to
sample the free energy surface of surface/adsorbate systems relevant
for heterogeneous catalysis. In particular, training protocols and vali-
dation metrics of generated ensembles will be discussed.

Location: P4

O 584 Wed 18:00 P4
theoretical and experimental investigation of Fe and Ni-
TCNQ on graphene — eAZIN SHAHSAVAR, ZDENEK JAKUB, ANNA
KUROWSKA, JAKUB PLANER, ONDREJ HERICH, LENKA CERNA, LUKAS
KORMOS, PAVEL PROCHAZKA, and JAN ¢ECHAL — CEITEC Brno Uni-
versity of Technology Purkyhova 656,/123 612 00 Brno, Czech Republic.

Due to the outstanding properties of the 2D metal-organic frame-
works (MOF), intensive computational and experimental studies have
been done. However, the lack of fundamental studies of MOFs on the
graphene backbone is observed. This work studies Fe and Ni as metal
and tetracyanoquinodimethane (TCNQ) with a high electron affinity
as an organic linker functionalized on graphene. Here we present DFT
calculations results to unveil the electronic and magnetic properties
of iron and nickel-TCNQ physisorbed on graphene. Adsorption and
Fermi energies, structural, and magnetic properties will be reported.
Our experimental observations prove Fe- and NiTCNQ@Gr/Ir(111)
are thermally highly stable up to 500 and 250 °C, respectively, mak-
ing them promising materials for single-atom catalysts or high-density
storage media [1]. [1] Z. Jakub et al., Nanoscale., 1-9 (2022). DOI:
10.1039,/d2nr02017c

0O 58.5 Wed 18:00 P4
Assessment of Structural Descriptors for the Construc-
tion of High-Dimensional Neural Network Potentials —
eMoRrITz R. SCcHAFER!, JoNas FINKLER?, STEFAN GOEDECKER?, and
JorG BEHLER! — 1Georg-August-Universitat Gottingen, Institut fiir
Physikalische Chemie, Theoretische Chemie, Tammannstrafe 6, 37077
Gottingen, Germany — 2Basel University, Department of Physics and
Astronomy, Klingelbergstrasse 82, 4056 Basel, Switzerland

High-dimensional neural network potentials (HDNNPs) can be used
to efficiently compute close-to ab initio quality energies and forces
for performing large-scale molecular dynamics simulations of complex
systems. In this method, the total energy is constructed as a sum
of environment-dependent atomic energy contributions. Also electro-
static interactions based on environment-dependent charges can be
included. Hence, a set of reliable structural descriptors for the atomic
local environments is crucial to develop accurate potentials. Often,
atom-centered symmetry functions (ACSFs) are used for this purpose
in HDNNPs. In this work, we benchmark the accuracy and trans-
ferability of HDNNPs with respect to alternative descriptors like the
recently proposed overlap matrix descriptor.

O 58.6 Wed 18:00 P4
Fortnet, a software package for training Behler-Parrinello
neural networks — eTamMmo vaN DER HEDE!, JoLLa KULLGREN?,
PeTER BroQvisT?, VLADIMIR Bacié®, THomas FrauenHEmM®5 1,
and BALINT ArRADI! — 'BCCMS, University of Bremen, Bremen, Ger-
many — 2Dept. of Chemistry - Angstrém Laboratory, Uppsala Univer-
sity, Uppsala, Sweden — 3Dept. of Physics and Earth Sciences, Jacobs
University Bremen, Bremen, Germany — #Beijing CSRC, 100193 Bei-
jing, P. R. China — ®Shenzhen JL CSAR Institute, Shenzhen 518110,
P. R. China

A new, open source, parallel, stand-alone software package (Fortnet)
has been developed, which implements Behler-Parrinello neural net-
works. It covers the entire workflow from feature generation to the
evaluation of generated potentials, coupled with higher-level analysis
such as the analytic calculation of atomic forces. The functionality
is demonstrated by driving the training for the fitted correction func-
tions of the density functional tight binding (DFTB) method, which
are commonly used to compensate the inaccuracies resulting from the
DFTB approximations to the Kohn-Sham Hamiltonian. Their usual
two-body form limits the transferability of parameterizations between
very different structural environments. After investigating various ap-
proaches, we have found the combination of DFTB with a near-sighted
artificial neural network, acting on-top of baseline correction functions,
the most promising one. It allows to introduce many-body corrections
on top of two-body parametrizations, while excellent transferability to
deviating chemical environments could be demonstrated.

O 58.7 Wed 18:00 P4
Machine learning enhanced DFTB method for periodic sys-



Regensburg 2022 — O

Wednesday

tems — eWENBO SuN, GUuozHENG FaN, TAMMO VAN DER HEIDE,
ApaMm McSroy, THomas FRAUENHEIM, and BALINT ARADI — Bre-
men Center for Computational Materials Science, University of Bre-
men, Am Fallturm 1, Bremen 28359, Germany.

The Density Functional based Tight Binding (DFTB) is an approxi-
mative density functional based quantum chemical simulation method
with low computational costs. In order to increase its accuracy, we
have introduced a machine learning algorithm to optimize several pa-
rameters of the DFTB method, concentrating on solids with defects.
The backpropagation algorithm was used to reduce the error between
DFTB and DFT results w.r.t. the training dataset and to obtain ad-
justed DFTB Hamiltonian and overlap matrix elements. Afterwards,
the generalization capability of the trained model was tested for ge-
ometries not being part of the training set. In the current work, we
have focused on defective periodic silicon and silicon carbide systems
as target materials and the density of states (DOS) as target property
to demonstrate the feasibility of our approach. The trained model was
able to reduce the differences between the DFTB and the DFT DOS
significantly, while other derived properties (e.g. charge distribution,
partial DOS) remained physically sound. Also, the transferability of
the obtained model could be verified. Our method allows to carry
out relatively fast simulations with high accuracy and only moderate
training efforts, and represents a good compromise for cases, where
long range effects make direct machine learning predictions difficult.

O 58.8 Wed 18:00 P4
Electronic properties of Density Functional Tight Binding by
Machine Learning — eGuozueNc Fan!, Apam McSroy!, BALINT
Arapt!, CHI-YunG Yam?, and THOMAS FRAUENHEIM!'2 — 1Bremen
Center for Computational Materials Science (BCCMS), University of
Bremen, Bremen, Germany — 2Beijing Computational Science Re-
search Center (CSRC), Beijing, China

We have introduced a machine learning workflow, which could opti-
mize electronic properties in density functional tight binding method.
With this workflow, we can train and predict electronic properties in
a cheap, accurate and transferable way. The implementation features
of batch calculations greatly improve the calculation efficiency, espe-
cially for high throughput calculations. This workflow could optimize
electronic properties by train basis functions or train a spline model to
generate two center integrals for off-diagonal and onsite for diagonal
Hamiltonian and overlap. The results show that compared with previ-
ous Slater-Koster parameters, the dipole moments, charges, the ratios
of the on-site populations and the atomic numbers in charge population
analysis method can be improved by both tuning basis function pa-
rameters or optimizing integrals in spline model directly. The training
on basis functions could prevent the two center integrals go randomly
and keep Hamiltonian and overlap in reasonable range. Besides, the
multiple electronic properties could be improved simultaneously.

0 589 Wed 18:00 P4

Unsupervised regression-based measures for applications

on atomistic features — oALEXANDER Goscinskil, GuUIL-
LAUME Fraux!, GruLio ImBaLzano!, FELix MusiL!2, SERGEY
Pozpnyakow!, and MicHeLE CerioTTi! — !Laboratory of Compu-

tational Science and Modeling, Institute of Materials, Ecole Polytech-
nique Fédérale de Lausanne, 1015 Lausanne, Switzerland — 2National
Center for Computational Design and Discovery of Novel Materials
(MARVEL), Lausanne, Switzerland

The quality of the features as input for a machine learning model
is a crucial factor for the prediction quality and the computational
efficiency. Commonly, to assess the quality of features, they are com-
pared by benchmarking the regression performance on several proper-
ties. Complementary to such a quality assessment, this work presents
certain measures for direct feature-to-feature comparisons without the
need of a target property. These measures are used to quantify the
capacity of features representing geometrical space in atomistic ap-
plications and derive an understanding of the information encoded in
features.

O 58.10 Wed 18:00 P4
Accelerating plane-wave-based ab initio molecular dynam-
ics by optimization of Fast-Fourier transforms for modern
HPC architectures — oCHRISTIAN RITTERHOFF, ToBIAS KLOF-
FEL, SAGARMOY MANDAL, and BERND MEYER — Interdisciplinary
Center for Molecular Materials and Computer Chemistry Center, FAU
Erlangen-Nirnberg, Germany

The most important advantage of plane-wave basis sets is that wave
functions can be transformed efficiently from reciprocal to real space
and back by using the Fast-Fourier transform (FFT) algorithm. This
allows to evaluate the kinetic and potential energy in reciprocal and
real space, respectively, where both operators are diagonal. This re-
duces the computational cost for applying the Hamilton operator from
N? to Nlog N. However, the scalability of current FFT libraries is
rather limited on today’s HPC systems, which offer large numbers of
compute nodes, each of them with many cores. Here we present our
optimization of the FFTX library of the Quantum Espresso software
package. Data distribution and communication patterns have been re-
vised to make optimal use of combined MPI and OpenMP paralleliza-
tion. Scalability is further increased by combining FFTs into batches
and by introducing overlapping computation and communication. We
implemented the revised FFTX library in our optimized version of the
CPMD code [1], and we demonstrate the achieved acceleration by a
series of benchmark simulations.

[1] T. Klbffel, G. Mathias, B. Meyer, Comput. Phys. Commun. 260
(2021) 107745

O 58.11 Wed 18:00 P4
Surface tension measurement of pure water in vacuum —
ePauL T. P. RvaN, Jirl PAVELEC, JAN BAaLAJKA, MICHAEL SCHMID,
and ULRIKE DiEBOLD — Institute of Applied Physics, TU Wien, Aus-
tria
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 contaminants. This is surprising given that contami-
nants are known to greatly affect surface tensions values|[1l]. Recently
we have developed a method to dose liquid water onto pristine surfaces
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 chamber. A pendant drop is formed and
carefully photograph 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]
Yuki Uematsu, et. al., Current Opinion in Electrochemistry, Volume
13, (2019) [2] Jan Balajka, et. al. , Review of Scientific Instruments
89, (2018) [3] Jan Balajka, et. al., Science, 361, (2018) [4] Berry, J. D.
et. al., J. Coll. Interface Sci. 454, 226*237, (2015).

O 58.12 Wed 18:00 P4
Home-Built UHV Suitcase — eLuca Lezuo!, Lucie
DockaLovi?, GArReTH Parkinson!, ULrikeE DieBoLp!, and Jiri
PaveLec! — !Institute of Applied Physics, TU Wien, Wiedner Haupt-
strasse 8-10/134, Vienna, Austria — 2Institute of Physical Engineer-

ing, Brno University of Technology

Due to their extreme sensitivity to adsorbing molecules, most surface
experiments have to be carried out in ultra-high vacuum (UHV). Ide-
ally, multiple different techniques are used to explain and understand
the phenomena happening on an atomic scale. To this end, it is often
necessary to transfer a sample from one chamber to another.

As a showcase, we discuss the analysis of perovskite oxides, pro-
duced by pulsed laser deposition (PLD) as thin films, in another UHV
chamber that allows atomically resolved STM/AFM imaging with a
Q+-sensor at liquid No/He - temperatures. The home built UHV
suitcase consists of three stages divided by gate valves. It has a scroll
pump for rough vacuum, a turbo pump to reach high vacuum, a NEG
pump and a cryopump to ensure a clean transfer and an ION/NEG
combination to provide UHV conditions long term in the storage stage,
where the sample is transported.

O 58.13 Wed 18:00 P4
Wettability investigation of microscale water droplets on sili-
con substrate using atomic force microscopy — eMoHAMMADALI
Horwmozi!, MarvIN Horrer!2, PAULINE BRUMM?, and REGINE VON
Krrrzing! — 1Soft Matter at Interfaces, Department of Physics,
Technical University of Darmstadt, 64289 Darmstadt, Germany —
2Institute of Printing Science and Technology (IDD), Technische Uni-
versitdt Darmstadt, Magdalenenstrafe 2, 64289 Darmstadt, Germany

The wettability of a particular substrate by a liquid drop is of interest

in many scientific fields. This phenomenon is often described by the
contact angle between the considered liquid and substrate. This pa-
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rameter is an important boundary condition, especially for the wetting
of mixtures and solutions. This study shows a methodology for evaluat-
ing the contact angle of different droplets with a base diameter down to
0.5 micrometers. 3D topography of water droplets -generated through
condensation and Inkjet printing on a silicon substrate- has been de-
termined using Atomic Force Microscopy. Also, the topography of
printed mixture droplets including water-glycerol and water-glycerol-
isopropanol has been measured. Different curves have been fitted to
a 2D cross-section of each droplet, which provides information about
their contact angle. The contact angle of the mixtures deviates from
the macroscale contact angle at the vicinity of the three-phase contact
line; however, this phenomenon cannot be seen in pure water droplets.
While no effect of droplet diameter could be detected for diameters,
ranging from 0.5 to 30 micrometers, the macroscopic contact angle of
droplets is several degrees higher.

O 58.14 Wed 18:00 P4
High-frequency shot-noise STM to study correlated elec-
tron systems — eMAIALEN ORTEGO LARRAZABAL!, JiasEn NiuZ2,
KoeN M Bastiaans3, JiaNnrFENG GEZ2, TJERK BENscHopP2, MiLaN P
ArLLan?, and INeMAR SwART! — 1Debye Institute for Nanomateri-
als Science, Utrecht University, PO Box 80000, 3508 TA Utrecht, The
Netherlands — 2Leiden Institute of Physics, Leiden University, Niels
Bohrweg 2, 2333 CA Leiden, The Netherlands — 3Kavli Institute of
Nanoscience, Delft University of Technology, 2628 CJ Delft, Nether-
lands

The fluctuations in time of a measured signal provide information that
is not present in the time averaged value. For example, the discrete-
ness of the electric charge leads to fluctuations in the tunneling current
in an STM, known as shot-noise. Shot-noise measurements convey in-

formation about the correlations among the electrons in condensed
matter systems, such as the effective charge of the carrier or their dis-
tribution in the tunneling process. However, other contributions to
the measured noise, such as 1/f and thermal noise, make it difficult to
isolate the shot-noise component. For this reason, we use custom-built
electronics that allows us to read out the noise signal of the STM at
high frequencies and cryogenic temperatures and that does not inter-
fere with conventional STM measurements.

O 58.15 Wed 18:00 P4
Optimization of a Simple Electrospray Deposition Device
— oKEN Korar!, MiriaM MEYERZ, HENRIK SiBoNI!, CHRISTOPHE
Nacct!, GRANT SivpsoN!, and LEoNHARD GRriLL! — !Institute for
Chemistry, Department of Physical Chemistry, University of Graz,
Austria — 2Institute for Ion Physics and Applied Physics, University
of Innsbruck, Austria

A commercially available design of an electrospray deposition appa-
ratus was optimized for cleaner and more controllable deposition in
a high vacuum. The apparatus consists of a series of 5 differen-
tially pumped chambers separated by skimmer cones or apertures. An
angle-adjustable bellow was introduced between the second and third
pumping chamber for better control over the alignment and, conse-
quently, the ion beam flux reaching the final stage. Monitoring the
flux/alignment was done by current measurements around the aper-
tures and behind the last one with a conductive probe. Also, heating
of the transfer capillary and enclosing the emitter-transfer capillary
interface in a small transparent chamber (to allow different ambient
gas environments) were introduced. The first depositions were done
to test the performance of the improved design with some well-studied
molecules.



