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Overview of Invited Talks and Sessions
(Lecture halls H44, H45, and H46; Poster P2)

Invited Talks

MM 1.1 Mon 9:30–10:00 H44 A novel mechanism to generate metallic single crystals — ∙Carolin
Körner, Julian Pistor, Johannes Bäreis, Matthias Markl

MM 11.1 Tue 9:30–10:00 H44 Fast calorimetry: studying phase transitions in slow motion — ∙Jörg
F. Löffler

MM 19.1 Wed 9:30–10:00 H44 High-Entropy Alloys: Materials design in high dimensional chemical
space from ab initio thermodynamics — ∙Fritz Körmann

MM 27.1 Thu 9:30–10:00 H44 Crystal rotation kinematics during the tribological loading of high-
purity copper — ∙Christian Greiner

Invited Talks of the joint Symposium SKM Dissertation Prize 2022 (SYSD)
See SYSD for the full program of the symposium.

SYSD 1.1 Mon 10:15–10:45 H2 Charge localisation in halide perovskites from bulk to nano for efficient
optoelectronic applications — ∙Sascha Feldmann

SYSD 1.2 Mon 10:45–11:15 H2 Nonequilibrium Transport and Dynamics in Conventional and Topolog-
ical Superconducting Junctions — ∙Raffael L. Klees

SYSD 1.3 Mon 11:15–11:45 H2 Probing magnetostatic and magnetotransport properties of the antifer-
romagnetic iron oxide hematite — ∙Andrew Ross

SYSD 1.4 Mon 11:45–12:15 H2 Quantum dot optomechanics with surface acoustic waves — ∙Matthias
Weiss

Invited Talks of the joint Symposium From Physics and Big Data to the Design of Novel Materials
(SYNM)
See SYNM for the full program of the symposium.

SYNM 1.1 Mon 15:00–15:30 H1 How to tackle the ”I” in FAIR? — ∙Claudia Draxl
SYNM 1.2 Mon 15:30–16:00 H1 Beyond the average error: machine learning for the discovery of novel

materials — ∙Mario Boley, Simon Teshuva, Felix Luong, Lucas Foppa,
Matthias Scheffler

SYNM 1.3 Mon 16:00–16:30 H1 The Phase Diagram of All Inorganic Materials — ∙Chris Wolverton
SYNM 1.4 Mon 16:45–17:15 H1 Automated data-driven upscaling of transport properties in materials

— ∙Danny Perez, Thomas Swinburne
SYNM 1.5 Mon 17:15–17:45 H1 Data-driven understanding of concentrated electrolytes — ∙Alpha Lee

Invited Talks of the joint Symposium United Kingdom as Guest of Honor (SYUK)
See SYUK for the full program of the symposium.

SYUK 1.1 Wed 9:30–10:00 H2 Structure and Dynamics of Interfacial Water — ∙Angelos Michaelides
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SYUK 1.2 Wed 10:00–10:30 H2 A molecular view of the water interface — ∙Mischa Bonn
SYUK 1.3 Wed 10:30–11:00 H2 Motile cilia waves: creating and responding to flow — ∙Pietro Cicuta
SYUK 1.4 Wed 11:00–11:30 H2 Cilia and flagella: Building blocks of life and a physicist’s playground

— ∙Oliver Bäumchen
SYUK 1.5 Wed 11:45–12:15 H2 Computational modelling of the physics of rare earth - transition metal

permanent magnets from SmCo5 to Nd2Fe14B — ∙Julie Staunton
SYUK 2.1 Wed 15:00–15:30 H2 Hysteresis Design of Magnetic Materials for Efficient Energy Conver-

sion — ∙Oliver Gutfleisch
SYUK 2.2 Wed 15:30–16:00 H2 Non-equilibrium dynamics of many-body quantum systems versus

quantum technologies — ∙Irene D’Amico
SYUK 2.3 Wed 16:00–16:30 H2 Quantum computing with trapped ions — ∙Ferdinand Schmidt-Kaler
SYUK 2.4 Wed 16:45–17:15 H2 Breaking the millikelvin barrier in cooling nanoelectronic devices —

∙Richard Haley
SYUK 2.5 Wed 17:15–17:45 H2 Superconducting Quantum Interference Devices for applications at mK

temperatures — ∙Sebastian Kempf

Invited Talks of the joint Symposium Frontiers of Electronic-Structure Theory: Focus on Artificial
Intelligence Applied to Real Materials (SYES)
See SYES for the full program of the symposium.

SYES 1.1 Thu 15:00–15:30 H1 Machine-learning-driven advances in modelling inorganic materials —
∙Volker L. Deringer

SYES 1.2 Thu 15:30–16:00 H1 Machine-Learning Discovery of Descriptors for Square-Net Topological
Semimetals — ∙Eun-Ah Kim

SYES 1.3 Thu 16:00–16:30 H1 Four Generations of Neural Network Potentials — ∙Jörg Behler
SYES 1.4 Thu 16:30–17:00 H1 Using machine learning to find density functionals — ∙Kieron Burke
SYES 1.5 Thu 17:00–17:30 H1 Coarse graining for classical and quantum systems — ∙Cecilia Clementi

Sessions

MM 1.1–1.1 Mon 9:30–10:00 H44 Invited Talk Carolin Körner
MM 2.1–2.10 Mon 10:15–13:00 H44 Computational Materials Modelling: Energy Materials
MM 3.1–3.9 Mon 10:15–12:45 H45 Microstructures and Phase Transformations: Metals & Alloys
MM 4.1–4.10 Mon 10:15–13:00 H46 Structural Materials
MM 5.1–5.1 Mon 15:00–15:30 H44 Non-equilibrium Phenomena in Materials Induced by Electrical

and Magnetic Fields 1
MM 6.1–6.10 Mon 15:45–18:30 H44 Computational Materials Modelling: Defects / Alloys
MM 7.1–7.5 Mon 15:45–17:00 H45 Microstructures and Phase Transformations: Oxides & Per-

ovskites
MM 8.1–8.10 Mon 15:45–18:30 H46 Materials for Storage and Conversion of Energy
MM 9.1–9.4 Mon 17:15–18:30 H45 Non-equilibrium Phenomena in Materials Induced by Electrical

and Magnetic Fields 2
MM 10.1–10.30 Mon 18:00–20:00 P2 Poster Session 1
MM 11.1–11.1 Tue 9:30–10:00 H44 Invited Talk Jörg F. Löffler
MM 12.1–12.10 Tue 10:15–13:00 H44 Computational Materials Modelling: Physics of Ensembles 1
MM 13.1–13.7 Tue 10:15–13:00 H45 Non-equilibrium Phenomena in Materials Induced by Electrical

and Magnetic Fields 3
MM 14.1–14.5 Tue 10:15–11:30 H46 Materials for Storage and Conversion of Energy (joint session

MM/KFM)
MM 15.1–15.5 Tue 11:45–13:00 H46 Hydrogen in Materials: Hydrogen Effects
MM 16.1–16.4 Tue 14:00–15:00 H44 Mechanical Properties
MM 17.1–17.5 Tue 14:00–15:15 H46 Hydrogen in Materials: Hydrogen Storage
MM 18.1–18.43 Tue 17:30–20:00 P2 Poster Session 2
MM 19.1–19.1 Wed 9:30–10:00 H44 Invited Talk Fritz Körmann
MM 20.1–20.10 Wed 10:15–13:00 H44 Computational Materials Modelling: HEA, Alloys & Nanostruc-

tures
MM 21.1–21.10 Wed 10:15–13:00 H45 Transport in Materials: Thermal transport
MM 22.1–22.8 Wed 10:15–13:00 H46 Data Driven Materials Science: Experimental Data Treatment

and Machine Learning
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MM 23.1–23.10 Wed 15:45–18:30 H44 Computational Materials Modelling: Magnetic & Electrical Prop-
erties

MM 24.1–24.7 Wed 15:45–18:30 H45 Non-equilibrium Phenomena in Materials Induced by Electrical
and Magnetic Fields 4

MM 25.1–25.8 Wed 15:45–18:30 H46 Data Driven Materials Science: Computational Frameworks /
Chemical Complexity

MM 26 Wed 18:45–20:15 H44 Members’ Assembly
MM 27.1–27.1 Thu 9:30–10:00 H44 Invited Talk Christian Greiner
MM 28.1–28.5 Thu 10:15–11:30 H44 Transport in Materials: Diffusion / Electrical Transport & Mag-

netism
MM 29.1–29.5 Thu 10:15–11:30 H45 Data Driven Materials Science: Design of Functional Materials
MM 30.1–30.10 Thu 10:15–13:00 H46 Liquid and Amorphous Metals
MM 31.1–31.5 Thu 11:45–13:00 H44 Computational Materials Modelling: Physics of Ensembles 2
MM 32.1–32.5 Thu 11:45–13:00 H45 Nanomaterials: Surface Effects
MM 33.1–33.10 Thu 15:45–18:30 H44 Computational Materials Modelling: Process Schemes / Oxides
MM 34.1–34.10 Thu 15:45–18:30 H45 Data Driven Materials Science: Interatomic Potentials / Reduced

Dimensions
MM 35.1–35.10 Thu 15:45–18:30 H46 Nanomaterials: Structure & Properties

Members’ Assembly of the Metal and Material Physics Division

Wednesday 18:45–20:15 H44
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MM 1: Invited Talk Carolin Körner

Time: Monday 9:30–10:00 Location: H44

Invited Talk MM 1.1 Mon 9:30 H44
A novel mechanism to generate metallic single crystals
— ∙Carolin Körner, Julian Pistor, Johannes Bäreis, and
Matthias Markl — Friedrich-Alexander Universität Erlangen-
Nürnberg, Germany
Single crystals are used for high strength materials with high creep re-
sistance such as turbine blades from nickel-base superalloys. The fabri-
cation techniques applied to produce single crystals involve highly con-
trolled and therefore relatively slow crystallization. For turbine blades,
the Bridgman technique, i.e. investment casting combined with direc-
tion solidification, is the standard. The single crystal either develops
starting from a single crystalline seed or by a geometric grain selection
process. Microstructure evolution is determined by the solidification

conditions resulting in a dendrite arm spacing of several hundreds of
microns. This contribution shows how single crystals from nickel-base
superalloys develop without seed during layer by layer metal additive
manufacturing (AM) in the powder bed. These AM single crystals
develop under rapid and directional solidification conditions with so-
lidification microstructures one or two orders of magnitude finer than in
the conventional Bridgman process. In addition, the underlying mech-
anism to generate the single crystal is based on thermo-mechanical
provoked texture formation. The latter allows a very precise orienta-
tion of the single crystal. A manipulation of the orientation is possible
by applying adequate process strategies. The basis mechanisms leading
to the single crystal and the implications on the resulting properties
are discussed.

MM 2: Computational Materials Modelling: Energy Materials

Time: Monday 10:15–13:00 Location: H44

MM 2.1 Mon 10:15 H44
Importance of electronic correlations in exploring the ex-
otic phase diagram of Li ion battery cathodes — ∙Hrishit
Banerjee1,2, Clare P. Grey1, and Andrew J. Morris2 —
1Department of Chemistry, University of Cambridge, UK — 2School
of Metallurgy and Materials, University of Birmingham, UK.
We explore electronic and magnetic states of layered Li𝑥MnO2, a well
known cathode material for Li ion batteries, as a function of states
of charge 𝑥, using ab-initio dynamical mean-field theory. Projecting
onto low-energy subspace of Mn 3𝑑 states, and solving a multi-impurity
problem, we find that an antiferromagnetic insulating state appears in
LiMnO2, with a moderate Néel temperature in agreement with exper-
imental studies. As the system is delithiated we find various exotic
states emerge such as ferrimagnetic correlated metals, charge ordered
ferromagnetic correlated metals with large quasiparticle weight, fer-
romagnetic metals with small quasiparticle weight, as a function of
various states of delithiation of LiMnO2 and finally an antiferromag-
netic insulator for the fully delithiated state, which is albeit unstable.
At moderate states of charge, x=0.67-0.33, a mix of +3/+4 formal
oxidation states of Mn is observed, while its overall nominal oxidation
state changes from +3 in LiMnO2 to +4 in MnO2. In all these cases
the high-spin state emerges as the most likely state. The quasiparticle
peaks in the correlated metallic states could be attributed to polaronic
states. We explore the temperature vs. state of charge phase dia-
gram and conclude that the state of charge is a key ingredient for the
emergence of the exotic correlated phase transitions in this material.

MM 2.2 Mon 10:30 H44
Quantum-mechanical characterization of sulfur/carbon co-
polymer cathodes for Li-S batteries — ∙Pouya Partovi-Azar
— MLU Halle-Wittenberg, Germany
Lithium-sulfur (Li-S) batteries are among the candidates for next-
generation energy-storage systems thanks to their high energy density
which arises from a high lithium capacity of elemental sulfur. How-
ever, cycling performance of Li-S batteries is drastically declined by
a reversible capacity fade which is brought about by the diffusion of
soluble Li-polysulfides through the electrolyte.[1,2]

It has been recently shown that polymeric sulfur cathodes exhibit
a promising performance in limiting the shuttle effect during the
discharge.[2] However, a clear atomistic picture on the favorable struc-
tures and their lithiation mechanism is still not fully established.

Here, we report our recent works on structural and electronic
properties as well as finite-temperature vibrational spectra of poly-
meric sulfur cathodes, namely sulfur/1,3-diisopropenylbenzene[3]
and sulfur/polyacrylonitrile-based nanofiber[4] co-polymers obtained
through quantum-mechanical calculations.

[1] Qing Zhang et al., Adv. Sci. 2103798 (2021); [2] G. Bieker et al.,
Commun. Mater. 2, 37 (2021); [3] R. Kiani et al., ChemPhysChem,
doi: 10.1002/cphc.202100519; [4] P. Partovi-Azar et al., Phys. Rev.
Applied 1, 014012 (2018); P. Partovi-Azar, under review (2022)

MM 2.3 Mon 10:45 H44
Si nanostructure formation in quenched AlSi 𝜇-droplets for
application as anode material in lithium-ion-batteries —
∙David Tucholski and Karl-Heinz Heinig — Helmholtz-Center
Dresden-Rossendorf, Dresden, Germany
We report on 3D lattice kinetic Monte Carlo (3DlkMC) simulation
of nanostructure formation during rapid quenching in gas-atomization
(up to 108K/s) of droplets of AlSi alloy melt. The nanostructured Si
particles (with the Al selectively etched away) promise to enable about
10x the capacity of the current state-of-the-art graphite in lithium-ion
batteries by mitigating Si pulverization.

This work reproduces the experimentally found nanosponge and
core-shell particles and reveals heteronucleation at Al2O3 sites result-
ing from trace oxygen at the surface as the formation mechanism for
core-shell particles.

The computer simulation uses a memory-efficient bit-encoded lat-
tice, enabling large scale atomistic calculations, while kinetics is im-
plemented via CPU-efficient bit-manipulation for atom jumps between
lattice sites. The jump probabilities are described by the metropolis
algorithm with a look-up-table of energies calculated with an angular
dependent potential for the Si-Al-Au system in LAMMPS.

This work is supported by the federal ministry for economic affairs
and climate protection under grant number 01221755/1.

MM 2.4 Mon 11:00 H44
Tackling structural complexity in Li2S-P2S5 solid-state elec-
trolytes using Machine Learning — ∙Tabea Huss, Carsten
Staacke, Johannes Margraf, Karsten Reuter, and Christoph
Scheurer — Fritz-Haber-Institut der MPG
The lithium thiophosphate (LPS) material class provides promising
candidates for solid-state electrolytes (SSE) in lithium ion batteries
due to high lithium ion conductivities, non-critical elements, and low
material cost. LPS materials are characterized by complex thiophos-
phate microchemistry and structural disorder influencing the material
performance. Ab-initio studies probing lithium ion conductivity are
constrained in system size and simulated time scales. This limits the
transferability of computational results to industrial applicable LPS
materials. Therefore, we present the development of a data efficient
training protocol for the LPS material class using the Gaussian Ap-
proximation Potential (GAP). The GAP model can likewise describe
crystal and glassy materials and different P-S connectivities P𝑚S𝑛.
We apply the GAP model to probe lithium ion conductivity and dis-
cuss the influence of poly-anions on the latter. The sampling approach
allows for a variety of extension and transferability to other SSE.

MM 2.5 Mon 11:15 H44
Exploration of cathode-stable layered solid-state electrolytes
— ∙Sina Ziegler, Christoph Scheurer, and Karsten Reuter —
Fritz-Haber-Institut der MPG, Berlin, Germany
Promising higher safety and capacity, all-solid-state lithium batter-
ies are envisioned to replace standard lithium-ion batteries in the fu-
ture. Lithium thiophophates achieve the highest Li ion conductivities
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of SSEs to date exceeding liquid electrolytes at 10 mS/cm [1].
Until now, the instability of most SSEs towards high-performance

electrodes remains a critical challenge, with hardly any known SSE
withstanding the reducing/oxidizing conditions at the lithium metal
anode and/or high-voltage cathodes or forming electrochemically be-
nign interfaces with the electrode active materials.

To address this issue, we investigate the concept of rare earth lithium
halides as a material-efficient, nm thick cathode coating in contact with
thiophosphate electrolytes as they provide wide electrochemical stabil-
ity windows (0.36-6.71 V vs Li/Li+) as well as good chemical and
thermodynamic stability [2,3].

In order to validate this approach, the thermodynamic stabilities
of the emerging SSE / halide interfaces are examined by ab initio
thermodynamics to screen reaction free enthalpies of possible interface
reactions. Furthermore, (stable) products of selected material combi-
nations are surveyed for sufficient lithium ion mobility.

[1] C. Wang et al., Energy Environ. Sci., 2021, 14, 2577 [2] J. Liang
et al., Acc. Chem. Res. 2021, 54, 1023-1033 [3] K. Kim et al., Chem.
Mater. 2021, 33, 10, 3669-3677

15 min. break

MM 2.6 Mon 11:45 H44
Ab-initio core spectroscopy of LiCoO2 and CoO2 — Daniel
Duarte Ruiz and ∙Caterina Cocchi — Carl von Ossietzky Univer-
sität Oldenburg, Institut für Physik, Oldenburg, Deutschland
X-ray absorption spectroscopy (XAS) is one of the most widely used
technique to study the electronic structure of cathode active materials
in operando conditions. From a theoretical point of view, many-body
perturbation theory on top of density-functional theory [1] is the state
of the art in the prediction of XAS and in the interpretation of corre-
sponding experimental results. In this work, we investigate core spec-
troscopy in LiCoO2 and CoO2, considering excitations from the Co K-
and L23-edges as well as from the O K-edge. Our results, in agreement
with experimental data, indicate that excitonic effects are negligible for
the absorption spectra. The spectral fingerprints are well reproduced
already by the independent particle approximation and, on a quali-
tative level, by the atomic, orbital features in the projected density
states. These findings suggest that monitoring the electronic struc-
ture of LiCoO2 during the delithiation process is sufficient to capture
the evolution of XAS signatures even in a possible high-throughput
fashion.

[1] C. Vorwerk et al. Electron. Struc. 1, 037001 (2019)

MM 2.7 Mon 12:00 H44
High-throughput computational screening of fast Li-ion con-
ductors — ∙Tushar Thakur, Loris Ercole, and Nicola Marzari
— THEOS, EPFL, Switzerland
We present a high-throughput computational screening to find fast
Li-ion conductors to identify promising candidate materials for appli-
cation in solid-state electrolytes. Starting with ~30,000 experimen-
tal structures sourced from COD, ICSD and MPDS repositories, we
performed highly automated calculations using AiiDA at the level of
Density Functional Theory (DFT) to identify electronic insulators and
to estimate lithium ion diffusivity using the pinball model [1] which
describes the potential energy landscape of diffusing lithium at near
DFT level accuracy while being orders of magnitude faster. We present
the workflow where the accuracy of the pinball model is improved self-
consistently and which is necessary in automatically running the thou-
sands of required calculations and analysing their results. Promising
conductors are further studied with first principles Molecular Dynam-
ics simulations.

[1] Kahle, L. et al Modeling lithium-ion solid-state electrolytes with
a pinball model. Phys. Rev. Mater. 2, 65405 (2018)

MM 2.8 Mon 12:15 H44
Adaptive kinetic Monte Carlo driven by local environment
recognition — ∙King Chun Lai, Sebastian Matera, Christoph
Scheurer, and Karsten Reuter — Fritz Haber Institute of the Max
Planck Society, Berlin, Germany

Efficient lattice kinetic Monte Carlo (kMC) simulation generally relies
on a complete prior-understanding of the possible elementary processes
and their corresponding energy barriers. Adaptive kMC (akMC) over-
comes this limitation by searching for those kinetics during the simu-
lation, but the transition state searches (TSSs) become a bottleneck.
To address this, we augment akMC with machine learning on local
atomistic environments. Assigning a Smooth Overlap of Atomic Po-
sitions vector to each found process, we build up a database during
simulation. This database is used to propose initial guesses for TSSs
on basis of the proximity of the current local environments and the
database entries. This proximity measure is self-adjusted based on
statistics from TSSs on-the-fly. As the database fills, the proposed
guesses from the database become close to the true transition states.
These high quality TSS guesses improve simulation efficiency in two
ways. First, the number of TSSs per kMC step gets significantly re-
duced by avoiding unsuccessful or repeating random TSSs. Second,
damped Newton-Raphson becomes practical, which completes a pro-
posed TSS in only a handful iterations. Taking a Pd surface as an
illustrative example, we demonstrate the performance of the approach
and also discuss how clustering and proximity learning can improve
the TSS guesses further.

MM 2.9 Mon 12:30 H44
Atomistic Simulation Study of Li-Aluminosilicate Glass Scin-
tillators — ∙El Mehdi Ghardi, Prince Rautiyal, Fiona Pearce,
Anita Crompton, Lee Evits, Simon Middleburgh, William Lee,
and Michael Rushton — Nuclear Futures Institute, Bangor Univer-
sity, Gwynedd, LL57 2DG, United Kingdom
Radiation sensors are an important enabling technology in a num-
ber of fields, such as medicine, research, energy, military and home-
land security. Glass base scintillators have been in use for more
than 50 years and offer some benefits including their ability to re-
spond to different types of radiation, and to be formed into vari-
ous shapes. There is, however the possibility to discover and im-
prove glass scintillators. With this in mind, this work provides insight
from atomic scale simulations on the cerium doped Li-Aluminosilicate
(𝑆𝑖𝑂2 − 𝐴𝑙2𝑂3 − 𝑀𝑔𝑂 − 𝐿𝑖2𝑂 − 𝐶𝑒2𝑂3) glass scintillators. Three
glass compositions were studied using Molecular Dynamics (MD) and
Density functional Theory (DFT) to investigate the effect of the ra-
tio 𝑅 = ([𝐴𝑙2𝑂3])/([𝑀𝑔𝑂] + [𝐿𝑖2𝑂]) (with 𝑅 = [0.3, 0.8 and 2]) on
structural, electronic and optical properties. The effect of R on the
complex structure of the system of interest was mainly associated to
the increase of 𝑄4 population that replaced 𝑄3’s within the network,
while electronic mid gap defects were found to be present when R < 1.
The optical properties including absorption coefficients and energy loss
spectra are calculated and analysed based on the electronic structures.

MM 2.10 Mon 12:45 H44
Bonding descriptor based approach for analysing and finding
new Photovoltaic absorbers — ∙Jakob Johannes Lötfering and
Matthias Wuttig — RWTH Aachen University, Aachen, Germany
The discovery of Halide Perovskites as good Photovoltaic absorbers
and their rapid optimization lead to the question whether there are
other materials yet undiscovered for Photovoltaic applications. In or-
der to find new Photovoltaic absorbers, many approaches focus on
structural data. We propose a bonding descriptor based approach
using two quantities called electrons shared (ES) and electrons trans-
ferred (ET), which can be calculated using Density Functional Theory
(DFT) calculations. ES and ET are derived from the Quantum The-
ory of Atoms in Molecules (QTAIM). The first quantity we employ is
twice the delocalization index (𝛿(Ω′,Ω)) between neighboring atoms.
The second one is the number of electrons transferred to/from an atom
compared to the unbonded atom. 𝛿(Ω′,Ω) is a measure for the num-
ber of electron pairs shared between two atoms. It can be obtained
by integrating the exchange-correlation pair density over two domains
Ω and Ω′, which correspond to the two atoms. ES and ET have al-
ready shown to be good bonding descriptors and property predictors,
e.g. for Halide Perovskites and Phase Change Materials. We propose
that these quantities can also be used to analyse chemical bonding in
Photovoltaic absorbers and predict novel materials in this category.
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MM 3: Microstructures and Phase Transformations: Metals & Alloys

Time: Monday 10:15–12:45 Location: H45

MM 3.1 Mon 10:15 H45
Analysis of the precipitates in rapidly quenched Al-Cu al-
loys obtained in a magnetic pulse weld and through a melt
spinning process — ∙David Stein, Maximilian Gnedel, and Fer-
dinand Haider — Universität Augsburg, Institut für Physik, Univer-
sitätsstraße 1, 86159 Augsburg, Germany
Magnetic pulse welding (MPW) is a collision welding technique, where
a flyer is accelerated towards a target using induced magnetic fields.
This technique enables the welding of dissimilar metals. The mi-
crostructure of the interface is well described in the literature and
typically displays a wave like structure. In the eye and wake of these
waves an area of intermetallic phases can be found, depending on the
materials and welding parameters. In this case an Al 1050 flyer and
Cu DHP target were used. The structure of the interface has given
strong indications of melting. Atomic resolution HAADF STEM was
performed on this part and GP I and GP II Zones and disc shaped
Θ’ phases were found in the same area. The latter typically only form
after longer heat treatments at elevated temperature. Albeit the the-
oretically predicted shape of Θ’ Phases is disc shaped with very large
diameter to thickness ratio, in the case studied here, they are much
more compact and have a far smaller diameter to thickness ratio. The
current working hypothesis is, that in the MPW process rapid solid-
ification of the melt occurs, which leads to a high density of excess
vacancies in the crystal structure, allowing for higher atom mobility.
In an ongoing study we follow the precipitation process in rapidly
quenched Al-Cu alloys obtained through a melt spinning process.

MM 3.2 Mon 10:30 H45
Crystal nucleation in undercooled Cu-Ge melts — ∙Manoel
W. da Silva Pinto, Martin Peterlechner, and Gerhard Wilde
— Institut für Materialphysik, WWU Münster
Experimental calorimetric data obtained by differential thermal analy-
sis on the nucleation of undercooled Cu-Ge melts are presented. Deep
undercooling levels have been reached throughout the entire compo-
sition range of this binary alloy in an experimental setup using an
inorganic glass as an embedding medium. The heating and cooling cy-
cles are statistically analyzed and lead to quantitatively determining
nucleation rates independent of a specific nucleation kinetics model.
Parameters of the classical nucleation theory, such as the kinetic pre-
factor and nucleation work, are extracted. We further discuss the data
using different solution models for the alloy melts and consider their
impact on nucleation kinetics. Thus, the nucleation kinetics parame-
ters for the binary alloy system have been determined as a function of
composition throughout the entire composition range and allow com-
parison with simplified models for concentration-dependent nucleation
kinetics.

MM 3.3 Mon 10:45 H45
Experimental investigation of the early stage precipita-
tion reactions in Al-Cu alloys — ∙Johannes Berlin, Tobias
Stegmüller, and Ferdinand Haider — Chair for Experimental
Physics I, University of Augsburg, Universitätsstraße 1, 86159 Augs-
burg
Due to their superior strength to weight ratio heat treatable Al-Cu al-
loys (2XXX-Series) are widely used particularly in aerospace industry.
Although the hardening precipitates in these alloys are well-known,
the very early stages of decomposition are still topic of ongoing re-
search. Based on state-of-the-art scanning transmission electron mi-
croscopy, single Cu atoms can be imaged and natural ageing in form of
Guinier*Preston zone formation accelerated by excess vacancies can be
investigated, which was possible before only by diffraction experiments.
Scanning transmission electron microscopy is used to investigate the in-
fluence of different parameters, such as thermal history, on early-stage
precipitation in Al. The growth of GP I Zones is followed by ex-situ
recording of a detailed time series during natural aging. In addition,
resistivity and hardness measurements are performed to evaluate the
temper state of the specimens. The results are compared to numer-
ical simulations. A better understanding of the mechanisms leading
to precipitate formation in these alloys for light-weight construction
could be tuned more precisely regarding their intended use.

MM 3.4 Mon 11:00 H45

2D precipitate growth in a 3D matrix – Revealing the kinet-
ics of Guinier–Preston zone formation in Al–Cu from atomic
Monte Carlo — ∙Tobias Stegmüller and Ferdinand Haider —
University of Augsburg, Universitätsstr. 1, 86159 Augsburg, Germany
Guinier–Preston zones (GPZ) in Al–Cu, constituting the precipitate
phase that was already responsible for the hardness increase in the first
age-hardenable Al-alloy about 115 years go, still attract attention first
because of their special atomic mono- up to multilayer structure of Cu
atoms and second due to their even at room temperature occurring
formation, requiring an unexpected fast Cu diffusion.

To understand the origin of the GPZ structure, we performed Monte
Carlo (MC) simulations mimicking precipitate growth by applying a
Cluster Expansion (CE) for Al–Cu. From this we were able to identify
an energy barrier above and below the layers of GPZ that is hardly
overcome by migrating Cu. With this barrier we are able to explain
the morphology of GPZ from a perspective focussing on the growth
kinetics. On the one hand, the barrier guides migrating Cu to the
layers’ edges, supporting 2D growth. On the other hand, Cu atoms
moving towards the layers’ faces are stopped by the barrier, leading to
nucleation of further Cu layers and explaining the multilayer shape.

To study the origin of the high Cu mobility, we recently included
vacancies into simulations by switching from the CE based rigid lattice
MC to a MC method allowing lattice relaxations by using a neural net-
work interatomic potential. We present first results from this approach
with regard to the interaction of vacancies with GPZ.

MM 3.5 Mon 11:15 H45
Atomic-scale observation of silver segregation in a high angle
grain boundary in copper — ∙Lena Frommeyer, Tobias Brink,
Gerhard Dehm, and Christian Liebscher — Max-Planck-Str. 1,
40213 Düsseldorf
Although it is well recognized that segregation to grain boundaries
(GBs) influences mechanical and electrical properties of materials, the
impact of segregation on individual GB phases is poorly understood
on the atomic level. Thermodynamic models are established to de-
scribe equilibrium segregation, but the atomistic origins and direct
observation of solute segregation inside the GB core structure are sel-
domly investigated since high resolution imaging and spectroscopy are
required.

Lately, we were able to resolve the atomic structure of a symmetric
Σ 37c <111> {3 4 7} tilt GB in a Cu thin film using aberration-
corrected high angle annular dark field scanning transmission electron
microscopy (HAADF-STEM). By depositing a 100 nm thin Ag layer
on top of our 2 𝜇m-thick Cu thin film and subsequent annealing at
600∘C, we could investigate the effect of Ag segregation on these GBs.
Interestingly, the structure of the GB remains unchanged. Ag atoms
solely substitute specific sites in the GB. If the Ag content in the GB
is increased, one atomic column in the GB structure is filled up first,
followed by four other columns. A combination of atomic resolution en-
ergy dispersive X-ray spectrometry, HAADF-STEM experiments and
atomistic simulations were used to explore the underlying mechanisms
leading to the observed Ag segregation pattern.

15 min. break

MM 3.6 Mon 11:45 H45
Grain boundary phase transitions and patterning in a copper
tilt grain boundary — ∙Tobias Brink1, Lena Frommeyer1, Ro-
drigo Freitas2, Timofey Frolov3, Christian H. Liebscher1, and
Gerhard Dehm1 — 1Max-Planck-Institut für Eisenforschung GmbH,
Germany — 2MIT, USA — 3LLNL, USA
The atomic structure of grain boundaries (GBs) can exhibit differ-
ent “phases” (also called complexions), which undergo thermodynamic
phase transitions, but which have been observed in just a few simula-
tion studies. Experimental confirmation often remains indirect. Here,
we report on such a transition investigated by molecular dynamics
computer simulations and supported by direct evidence from STEM
imaging [1]. Two distinct atomistic structures could be found in a
Σ37c [111] tilt GB by a search with an evolutionary algorithm. Free
energy calculations using the quasi-harmonic approximation predict
a GB phase transition at 460K. In the experiment, both phases also
occur, but exhibit a pattern at room temperature in which the two

6



Regensburg 2022 – MM Monday

phases alternate. We present a hypothesis to explain this thermody-
namically unexpected phenomenon by elastic interactions of the phase
junctions, which are line defects with partial dislocation character.

Acknowledgment: This result is part of a project that has received
funding from the ERC under the European Union’s Horizon 2020 re-
search and innovation programme (Grant agreement No. 787446).

[1] Frommeyer, Brink et al., “Dual phase patterning during a congru-
ent grain boundary phase transition in elemental copper” Nat. Com-
mun. (accepted, 2022)

MM 3.7 Mon 12:00 H45
Structural and thermal characterisation of a AuGe alloy via
electron microscopy and fast differential scanning calorimetry
— ∙Štefan Stanko1, Jürgen Schawe1,2, and Jörg Löffler1 —
1Laboratory of Metal Physics and Technology, Department of Materi-
als, ETH Zurich, 8093 Zurich, Switzerland — 2Mettler-Toledo GmbH,
Analytical, 8606 Nänikon, Switzerland
A device combining scanning electron microscopy (SEM) and fast dif-
ferential scanning calorimetry (FDSC) was developed to perform in
situ characterisation of metastable phase transformations. The poten-
tial of this device is demonstrated on the example of a AuGe eutectic
alloy. Upon rapid cooling, the alloy forms the metastable crystalline
phases 𝛽 and 𝛾 and an amorphous phase. A thin lamella for transmis-
sion electron microscopy (TEM) was produced from a sample prepared
in FDSC to further characterise the microstructure of the alloy beyond
the capabilities of the in situ device. Ex situ FDSC experiments were
performed using cooling and heating rates of several 1000 K/s to char-
acterise the thermal behaviour of the 𝛽 and 𝛾 phase. The transfor-
mation kinetics of the metastable phases was investigated. Finally, we
show that we can prepare the glassy phase in FDSC and determine its
thermophysical properties.

MM 3.8 Mon 12:15 H45
Phase decomposition in nanoporous Au-Pt — ∙Maowen Liu1,2

and Jörg Weissmüller1,2 — 1Institute of Materials Mechanics,
Helmholtz-Zentrum Hereon — 2Institute of Materials Physics and
Technology, Hamburg University of Technology
Nanostructured Au-Pt system has attracted great attention for its
broad applications in catalysis. Due to the miscibility gap for a large

range of composition and temperature in bulk Au-Pt system, a com-
prehensive understanding of the structure transformation at various
temperatures is necessitated. In the present work, nanoporous Au-
Pt prepared by dealloying is selected for the investigation of the mi-
crostructure evolution during annealing. Dealloying transforms the
homogeneous, ternary bulk solid solution Ag-Au-Pt into a nanoporous
Au-Pt solution that would be immiscible at thermodynamic equilib-
rium. Remarkably, in view of the substantial atomic-scale rearrange-
ment at the dissolution front, our experiments confirm a homogeneous
Au-Pt solid solution. Upon annealing-induced coarsening, the phase
structure evolves to semicoherent two-phase by way of an intermediate,
coherent two-phase state.

MM 3.9 Mon 12:30 H45
Microstructural characteristics of lean magnesium alloys —
∙Tatiana Akhmetshina, Leopold Berger, Samuel Montibeller,
Robin E. Schäublin, and Jörg F. Löffler — Laboratory of Metal
Physics and Technology, Department of Materials, ETH Zurich, 8093
Zurich, Switzerland
Lean magnesium alloys with less than 1 at.% of alloying elements are
of high interest for biodegradable implant applications, where the im-
plant remains only temporarily in the body, but degrades after it has
fulfilled its task. With a specific combination of requirements, such as
biocompatibility, appropriate mechanical properties and low degrada-
tion rate, such alloy development is still challenging. Here, we tailored
the mechanical properties of lean Mg-Ca alloys by hot extrusion. The
optimal alloying range was obtained via thermodynamic calculations
using Pandat. The alloys were cast and extruded at the same ra-
tio with different speeds and temperatures. A tensile toughness of
up to 76 MJ/m3 was obtained, indicating a superior combination of
strength and ductility. Depending on the extrusion parameters, the al-
loys exhibit a tensile strength of more than 420 MPa or, alternatively,
a high ductility of up to 35% elongation at fracture. To obtain a clear
understanding of the relationship between mechanical properties and
microstructure, the latter was investigated by SEM, TEM and EBSD,
focusing on precipitation, grain morphology, and dislocation structure.
The grain size varied from submicrometer to several tens of microme-
ters. Apart from weak texture, the most ductile materials revealed an
intriguing activation of <c+a> pyramidal slip.

MM 4: Structural Materials

Time: Monday 10:15–13:00 Location: H46

MM 4.1 Mon 10:15 H46
Nanoscale analysis of Ti-modified Mo-Si-B alloy to eluci-
date solid solution and particle strengthening — ∙Reshma
Sonkusare1, Torben Boll1, Julia Becker2, Martin Heilmaier1,
and Manja Krüger2 — 1Institute of Applied Materials and Karl-
sruhe Nano Micro Facility, Karlsruhe Institute of Technology, Ger-
many — 2Institut für Werkstoff- und Fügetechnik, Otto-von-Guericke-
Universität Magdeburg, Germany
Mo-Si-B alloys are attractive high-temperature structural materials
due to their high melting point (>2000C), high-temperature strength
and good oxidation resistance. We found that small additions of Ti to
multi-phase Mo-Si-B lead to strengthening of alloy at intermediate and
high temperatures. To understand the effect of Ti on microstructure
and thus mechanical properties, we investigated powder metallurgi-
cally processed Mo-7.2Si-9.7B-1.7Ti. The microstructure consists of
Mo solid solution phase, intermetallic silicide phases, nanoscale oxide
and silicide particles. To analyze the composition of these nanoscopic
particles, atom probe tomography is required. APT reveals Ti to cause
an unexpected compositional change of Mo(SS) phase. This change
and an analysis of the composition and distribution of other phases
combined with an investigation of the particles and elemental segrega-
tions at the grain boundaries and inside the grains improve the under-
standing of the solid solution and particle strengthening in the alloy
and hence the mechanical behavior.

MM 4.2 Mon 10:30 H46
Intrinsic room temperature ductilisation of lean rare-earth
free ternary Mg alloys — ∙Wassilios Delis1, Pia Huckfeldt1,
Bengt Hallstedt2, Pei-Ling Sun1, Dierk Raabe3, Sandra
Korte-Kerzel1, and Stefanie Sandlöbes-Haut1 — 1Institute for

Physical Metallurgy and Materials Physics, RWTH Aachen, 52074
Aachen, Germany — 2Institute for Materials Applications in Mechan-
ical Engineering, RWTH Aachen, 52062 Aachen, Germany — 3Max-
Planck Institut für Eisenforschung, Max-Planck-Straße 1, 40237 Düs-
seldorf, Germany
Mg is a lightweight structural material with a good specific strength.
Unfortunately, it lacks good room temperature formability and there-
fore a wider commercial use of Mg is hindered. The preferred basal slip
and strong basal-type texture were found to be the main reasons for
the poor room temperature formability. For basal slip the von Mises’
criterion is not fulfilled. Recent experimental and simulative studies
tried to activate more slip systems without changing the mechanical
properties with alloying approaches. Alloys containing Y and rare-
earth elements showed a highly increased room-temperature ductility.
Since Y and rare-earth elements are costly further research has been
carried out to identify similar acting alloy systems. For this purpose,
the parameter I1 SFE has been used and the system Mg-Al-Ca was
identified to have a similar I1 SFE. In experiments the system indeed
showed the expected increased room temperature ductility. Further
research of the effects of the chemical composition on the ductilisation
has now been performed.

MM 4.3 Mon 10:45 H46
PT phase transitions and spectral structure of the interact-
ing Hatano-Nelson model — ∙Songbo Zhang — Stetthachrrain
20, Zurich, Switzerland
In this talk, I will discuss the Hatano-Nelson model, i.e., a one-
dimensional non-Hermitian chain of spinless fermions with nearest-
neighbour nonreciprocal hopping, in the presence of repulsive nearest-
neighbour interactions. At half-filling, I will show two PT transitions,
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as the interaction strength increases. The first transition is marked by
an exceptional point between the first and the second excited state in
a finite-size system and is a first-order symmetry-breaking transition
into a charge density wave regime. Persistent currents characteristic
of the Hatano-Nelson model abruptly vanish at the transition. The
second transition happens at a critical interaction strength that scales
with the system size and can thus only be observed in finite-size sys-
tems. It is characterized by a collapse of all energy eigenvalues onto
the real axis. I will also show that in a strong interaction regime, but
away from half-filling, the many-body spectrum shows point gaps with
nontrivial winding numbers, akin to the topological properties of the
single-particle spectrum of the Hatano-Nelson chain.

MM 4.4 Mon 11:00 H46
Novel CDB Data Processing and Evaluation Software —
∙Leon Chryssos, Vassily Vadimovitch Burwitz, Lucian Mathes,
and Christoph Hugenschmidt — Heinz Maier-Leibnitz Zentrum
(MLZ), Technical University of Munich, Lichtenbergstr. 1, 85748
Garching, Germany
The Coincidence Doppler-Broadening (CDB) spectrometer at NEPO-
MUC has recently been upgraded with six additional HPGe Detectors,
bringing the total number of detectors to ten. To take full advan-
tage of the even more capable instrument a novel data evaluation soft-
ware package (STACS) is currently under development. The software
can already handle and visualize the data generated by Coincidence
Doppler-Broadening Spectroscopy (CDBS) and provides a wide range
of tools to analyze such data. Some of the main functions include the
extraction of the electron-positron annihilation photo peak from CDB
spectra as well as a simple background subtraction algorithm that is
able to increase the peak-to-noise ratio of the extracted photo peak fur-
ther. This combined with a new multi detector CDB function, which
enables the combination of the data from all 10 detectors, provides
detailed information about the chemical environment of the positron
annihilation site. The software capabilities were tested on W samples,
to demonstrate the sensitivity for high Doppler shifts. Measurements
on the precipitation hardening properties of Al alloy samples were sub-
sequently performed and will be shown.

MM 4.5 Mon 11:15 H46
Plasticity of the Ca(Al,Mg)2 phase with variable tempera-
ture and composition — ∙Martina Freund1, Doreen Andre1,
Pei-Ling Sun1, Nicolas J. Peter2, and Sandra Kort-Kerzel1

— 1Institut für Metallkunde und Materialphysik, RWTH Aachen Uni-
versity — 2Max-Planck-Institut für Eisenforschung GmbH, Düsseldorf
Magnesium is a promising lightweight material, but its application as
cast alloys at elevated temperature is limited because of its low creep
resistance. By alloying with Al and Ca different Laves phases form,
which improve creep strength. While investigating largely unknown
properties with respect to composition and temperature changes, a
challenge is to physically relate and represent such results. Here, we
explore - in addition to the specific findings - how this may be done in
terms of defect phase diagrams. Due to their complex packing, Laves
phases are brittle at low temperatures. In order to overcome this re-
striction and to study their mechanical properties and mechanisms of
plasticity, we used nanomechanical testing. For the cubic CaAl2 phase,
nanoindentation tests revealed a constant hardness of 5.9 +- 1.2 GPa
and indentation modulus of 120.3 +- 17.9 GPa. Slip traces and cracks
in the vicinity of indents were correlated with the crystal orientation
and mostly corresponded to the {111} and {112} planes. Microcom-
pression revealed deformation on {111} and {112} planes in <1-10>
direction and the CRSS has been calculated as 0.97 +- 0.03 GPa and
0.96 +- 0.03 GPa, respectively. These planes and Burgers vectors were
also confirmed by TEM using the g*b criterion.

15 min. break

MM 4.6 Mon 11:45 H46
Ab initio study of magneto-chemo-structural coupling at
FeMn grain boundaries — ∙Omkar Hegde, Jörg Neugebauer,
and Tilmann Hickel — Max-Planck-Institut für Eisenforschung,
Max-Planck-Strasse 1, 40227 Düsseldorf, Germany
Mn segregation at Fe grain boundaries is known to be a precursor for
a variety of phenomena such as embrittlement, spinodal decomposi-
tion, phase transformation, etc [1,2]. Therefore, various heat treat-
ments are performed in experiments to control Mn decoration at grain
boundaries for *segregation engineering* [1], which could alter the lo-

cal magnetic state. In this direction, a thorough understanding of the
connection between the local magnetic state and segregation remains
elusive. In the present work, we tackle this issue by studying segre-
gation in both the ferromagnetic state (low-temperature) and param-
agnetic state (high-temperature) using ab initio-based approaches [3].
We demonstrate that the Mn segregation profile is mainly modulated
by local magnetic interactions, providing new opportunities for grain
boundary segregation engineering. Finally, we show that the forma-
tion of grain boundary and Mn segregation can, in turn, tune the local
magnetic transition temperature, thereby revealing a complex coupling
of structure, chemistry, and magnetism.

[1] D Raabe et al., Current Opinion in Solid State and Materials
Science, 18, 253-261 (2014).

[2] AK Da Silva et al., Nature communications, 9, 1-11 (2018).
[3] O Hegde et al., Physical Review B, 102, 144101 (2020).

MM 4.7 Mon 12:00 H46
Sulphation kinetics of chloride particles, corrosion potential
and effect of reactive additives — ∙Sebastian Pentz and Fer-
dinand Haider — Universität Augsburg, Institut für Physik, 86135
Augsburg
Chlorine induced high temperature corrosion leads to massive prob-
lems especially in waste-to-energy-plants, but also in biomass combus-
tion. During the combustion process chloride containing particles are
released and deposited on heat exchanger surfaces. There chlorides
get converted into sulphates with a release of chlorine species which
then lead to severe corrosion. In laboratory experiments we study the
conversion kinetics under various conditions like temperature, particle
size or gas composition. Both the sulphation reaction and the rate of
subsequent corrosion show an Arrhenius dependency on temperature,
a linear dependence on time, on particle surface and on partial pressure
of SO2. The addition of reactive additives can strongly influence this
reaction and consequently the release of chlorine species: Adding iron
oxide (e.g. Fe2O3) results in a strong acceleration of the sulphation
process due to catalysis of the reaction from SO2 to SO3. On the other
hand, a reduction of the sulphur content in the reaction atmosphere by
desulphurising species like calcium oxide slows down the sulphation re-
action and reduces the amount of released chlorine compounds.In lab
experiments, chlorides (mixed with additives) are applied to 16Mo3
steel samples and exposed to a flowing reaction atmosphere in a tube
furnace.Support by Federal Ministry for Economic Affairs and Climate
Action on the basis of a decision by the German Bundestag.

MM 4.8 Mon 12:15 H46
Influence of oxygen and carbon on the chemistry at the
niobium/alumina interface in a refractory composite ma-
terial — ∙Michael Eusterholz1, Torben Boll1, Alexan-
der Kauffmann1, Reshma Sonkusare1, Vincent Ott1, Julian
Gebauer1, Bastian Kraft1, Anja Weidner2, Michael Stüber1,
Sven Ulrich1, and Martin Heilmaier1 — 1Karlsruhe Institute of
Technology (KIT) — 2TU Bergakademie Freiberg (TUBAF)
High-temperature processes such as steel casting impose harsh condi-
tions on materials, which thus require excellent properties, including
creep strength and resistance to thermal shock. Composites based on
coarse-grained refractory metals and refractory ceramics promise su-
perior performances due to adjustable mechanical and electrical prop-
erties.

Conventionally sintered composites from technical grade raw mate-
rials of 𝛼-Al2O3 and Nb include impurity elements that form carbides
alongside oxides during synthesis. To understand the principles of for-
mation, we investigate 𝛼-Al2O3 substrates sputter-coated with Nb as
model materials beside the technical grade material. As the latter is
subjected to carbon and oxygen containing gases during sintering, we
compare the effect of oxygen and carbon overexposure on the ceramic-
metal interface and contrast these results with a heat treatment with
unaffected interface. Electron microscopy techniques elucidate the mi-
crostructure, while atom probe tomography advances the understand-
ing of nano-scale phase formation at the phase boundary which are
decisive for the material properties and corrosion resistance.

MM 4.9 Mon 12:30 H46
Oxidation mechanisms of SMART alloys and MAX
phases — ∙Anicha Reuban1,2, Jesus Gonzalez-Julian1,2, Ivan
Povstugar1, Andrey Litnovsky1,3, and Christian Linsmeier1

— 1Forschungszentrum Jülich GmbH, 52425 Jülich, Germany —
2Institute of Mineral Engineering, RWTH Aachen University, 52064
Aachen, Germany — 3Moscow
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Concentrated Solar Power (CSP) is a sustainable energy technology
where sunlight is focused on a solar receiver and the thermal energy
is used to generate electricity. The receiver must withstand temper-
atures greater than 1000 ∘C, be resistant to oxidation by air and/or
corrosion by molten salts and and maintain its properties over time.
Self-passivating SMART alloys, originally designed for the fusion re-
actor, are resistant to plasma sputtering and can suppress oxidation
in case of an accident with air ingress, up to 1000 ∘C. MAX phases,
a bridge between metals and ceramics, are lightweight, easily machin-
able materials, oxidation- and corrosion-resistant up to 1400 ∘C. To
understand the oxidation mechanisms in these materials, it is impor-
tant to obtain nanoscale information using advanced characterization
techniques such as Atom Probe Tomography (APT). According to the
APT analysis of the SMART alloy W-Cr-Y, Y segregates at oxide grain
boundaries while in the alloy it forms Y-O precipitates. Further anal-
yses are being performed to get more information about the role of Y
in the oxidation process. Electron microscopy is used along with APT
for a correlative approach to nanoscale characterization.

MM 4.10 Mon 12:45 H46
Development of Tungsten fiber reinforced tungsten (Wf/W)
using yarn based textile preforms — ∙Alexander Lau1,

Jan Willem Coenen1, Daniel Schwalenberg1, Yiran Mao1,
Alexis Terra1, Leonard Raumann1,2, Michael Treitz1,4, Jo-
hann Riesch3, Hanns Gietl3,4, Beatrix Göhts1, Christian
Linsmeier1, Katharina Theis-Bröhl2, Till Höschen3, and
Phillip Huber5 — 1Forschungszentrum Jülich GmbH, Institut für
Plasmaphysik, 52425 Jülich — 2Hochschule Bremerhaven, 27568 Bre-
merhaven — 3Max-Planck-Institute for Plasma Physics, 85748 Garch-
ing b. München — 4Technische Universität München, 85748 Garching
— 5RWTH Aachen University, 52062 Aachen, Germany
The focus of this work is the development of a new composite material,
that has to withstand the immense heat and particle fluxes in future
fusion reactors. The wall material is based on the element tungsten,
which already shows a very high compliance with the requirement pro-
file in its pure form. Pure tungsten is inherently brittle below the
DBTT and cracks could lead to a complete failure of the wall ma-
terial. To counter this problem, extrinsic strengthening mechanisms
were tested with new fabric types, based on radially braided yarns with
seven core- and 16 sleeve filaments. These yarns were coated with an
Yttriumoxide interface by Magnetron-sputtering and then further pro-
cessed with chemically vapor deposited tungsten in a six-layer structure
to form a solid composite material. This sample was analysed optically
and got mechanically tested in a three-point bending test.

MM 5: Non-equilibrium Phenomena in Materials Induced by Electrical and Magnetic Fields 1

Time: Monday 15:00–15:30 Location: H44

Topical Talk MM 5.1 Mon 15:00 H44
Vacancy transport in oxides exposed to high electric fields —
∙Reiner Kirchheim — University of Goettingen, Goettingen, Ger-
many — Max-Planck-Institute for Iron Research, Duesseldorf, Ger-
many — I2CNER, Fukuoka, Japan
Internal electrochemical redox reactions and accumulation of charge
in oxides are treated. Internal reactions shall lead to electronic con-
duction in the reduced and oxidized regions near cathode and anode
respectively. Several scenarios for the generation and transport of
charged oxygen vacancies and the attainment of steady state are dis-
cussed. It will be shown that at high cell voltages the characteristic

time for reaching steady state, also called incubation time, is smaller
than the characteristic time for the growth of reacted regions. Then
the incubation time is inverse proportional to the squared cell voltages
or the voltage drop across the oxide, respectively. Examples were this
relation is fulfilled are given for electromigration in integrated circuits,
formation of memristors, flash sintering of ceramics and degradation of
high-k materials. In addition, diffusion coefficients for vacancies eval-
uated from incubation times of yttria stabilized zirconia (YSZ) agree
with extrapolated measured values. Internal reactions will also play
a role in solid oxide fuel cell (SOFC) and solid oxide electrolysis cells
(SOEC), where current densities may exceed the reaction rates with
gases at the porous electrodes.

MM 6: Computational Materials Modelling: Defects / Alloys

Time: Monday 15:45–18:30 Location: H44

MM 6.1 Mon 15:45 H44
Unveiling the mechanisms of motion of synchro-Shockley
dislocations in Laves phases — ∙Zhuocheng Xie1, Dimitri
Chauraud2,3, Achraf Atila2,3, Erik Bitzek2,3, Sandra Korte-
Kerzel1, and Julien Guénolé4 — 1Institute of Physical Metal-
lurgy and Materials Physics, RWTH Aachen University, 52056 Aachen,
Germany — 2Max-Planck-Institut für Eisenforschung GmbH, Max-
Planck-Str. 1, 40237 Düsseldorf, Germany — 3Institute I: Gen-
eral Materials Properties, Friedrich-Alexander-Universität Erlangen-
Nürnberg, 91058 Erlangen, Germany — 4Université de Lorraine,
CNRS, Arts et Métiers ParisTech, LEM3, 57070 Metz, France
In Laves phases, synchroshear is the dominant basal slip mechanism.
It is accomplished by the glide of synchro-Shockley dislocations. How-
ever, the atomic-scale mechanisms of motion of such zonal dislocations
are still not well understood. In this work, using atomistic simulations,
two 30∘ synchro-Shockley dislocations with different Burgers vectors
and core structures and energies are identified. We demonstrate that
nucleation and propagation of kink pairs is the energetically favor-
able mechanism for the motion of the synchro-Shockley dislocation.
Vacancy hopping and interstitial shuffling are identified as two key
mechanisms related to kink propagation and we investigated how va-
cancies and antisite defects assist kink nucleation and propagation,
which is crucial for kink mobility. These findings provide insights into
the dependency on temperature and chemical composition of plastic
deformation induced by zonal dislocations in topologically close-packed
phases.

MM 6.2 Mon 16:00 H44

Macroscopic characteristics of plastic deformation described
through dislocation mobility properties — ∙Sergei Starikov,
Antoine Kraych, and Matous Mrovec — Ruhr University
Bochum, ICAMS, Germany
Plastic deformation of bcc metals is a complicated phenomenon that
links a behaviour of crystal defects with the macroscopic change of a
sample shape. It is known that one of the basic mechanisms of plas-
ticity is a motion of dislocations under applied stress. In this work,
on the example of Mo and Nb, the study of plastic deformation in
bcc metals was carried out with large-scale atomistic modelling. The
temperature-dependent mobility functions of screw and edge disloca-
tions were calculated from molecular dynamics simulation. The sim-
ulations of screw dislocation movement under applied shear stress re-
vealed that the process can proceed in two different regimes: through
thermally activated motion and athermal motion. Hence, the dislo-
cation velocity depends on the shear stress in a non-trivial way. The
calculated data provide a way to evaluate the basic macroscopic char-
acteristics of plastic deformation at various temperatures and strain
rates.

MM 6.3 Mon 16:15 H44
Analytic description of grain boundary segregation, tension,
and formation energy in the copper–nickel system — Tamara
Krauß, Felix Fischer, and ∙Sebastian Eich — Institut für Mate-
rialwissenschaft — Lehrstuhl für Materialphysik, Universität Stuttgart
In this atomistic study, a recently proposed segregation model [1] is
applied to segregation data of an exemplary Σ5 grain boundary (GB),
which is investigated using a copper–nickel embedded-atom method
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potential. Segregation in the semi-grandcanonical ensemble is system-
atically studied by varying the chemical potential in order to explore
the full composition range for temperatures from 500K to 1000K.
As a major thermodynamic feature, the mentioned segregation model
avoids the usage of interface compositions, for which an arbitrary vol-
ume must be defined, but rather models the thermodynamically un-
ambiguous solute excess. It was shown that the solute excess and the
interface formation energy could be described very accurately over a
wide range of temperatures and over the entire composition. Since the
model was initially derived for systems without lattice mismatch, the
copper–nickel system with a mismatch of roughly 2.7% is chosen in
this study to further extend the segregation model by a linear-elastic
theory to also account for the interface tensions. Using this extended
model, it will be shown that the solute excess, GB tensions, and GB
formation energies can be derived from an effective energy of segrega-
tion for all temperatures and over the whole composition range [2].

[1] T. Krauß, S. M. Eich, Acta Mater. 187, 73 (2020)
[2] F. Fischer, S. M. Eich, Acta Mater. 201, 364 (2020)

MM 6.4 Mon 16:30 H44
Impurity segregation at grain boundaries in bcc iron: large
scale models based on machine learned interatomic poten-
tials — ∙Petr Šesták1, Monika Všianská1,2, Pavel Lejček1,3,
and Miroslav Černý1 — 1Central European Institute of Technol-
ogy, CEITEC BUT, Brno University of Technology, Purkyňova 123,
CZ-616 69 Brno, Czech Republic — 2Department of Chemistry, Fac-
ulty of Science, Masaryk University, Kotlářská 2, CZ-611 37 Brno,
Czech Republic — 3Institute of Physics of the Czech Academy of Sci-
ences, Na Slovance 2, CZ-182 21 Prague 8, Czech Republic
In this work, we employed on the fly machine learning (ML) as it
is implemented in the current version of the VASP to study segrega-
tion of Sn, P and Ge atoms at selected GBs (e.g. Σ3(112), Σ3(111),
Σ5(310), Σ5(210), Σ13(510), Σ13(320), etc.) in bcc iron. Segregation
energies were obtained using small supercells (<100 atoms), medium
cells (∼400 atoms) and also larger cells (>1000 atoms). Data obtained
from the small and medium cells were compared with results of ab
initio calculations as well as with available experimental data and pre-
dictions. This comparison serves as a benchmark of the interatomic
potentials received from ML. The comparison shows that the segrega-
tion energies and some other GBs characteristics obtained for small
cells are very consistent with ab initio simulations which bring a proof
of reliability of interatomic potentials. The obtained results revealed
that using small simulation cells (leading to high concentrations of im-
purity atoms), typical for ab initio simulations, might not be sufficient
to predict correct segregation energies.

MM 6.5 Mon 16:45 H44
An efficient method to access the grain boundary parameter
space with atomistic simulations — ∙Timo Schmalofski1, Mar-
tin Kroll2, Rebecca Janisch1, and Holger Dette2 — 1ICAMS,
Ruhr-University Bochum, 44780 Bochum, Germany — 2Department
of Mathematics, Ruhr-University Bochum, 44780 Bochum, Germany
A grain boundary (GB) is a two dimensional defect in solids with signif-
icant influence on different material properties. It describes the inter-
face between two grains with different orientations and is thus defined
by five macroscopic degrees of freedom (DOF), 2 from the rotation
axis, 1 from the misorientation angle and 2 from the grain boundary
normal vector. The GB energy as a function of the DOF can be ob-
tained e.g. by atomistic simulations. However, a systematic sampling
of the 5D grain boundary parameter space, or even lower-dimensional
subspaces of it, comes with several challenges. To overcome them, a
sampling method is needed, which only needs a small number of data
points and can automatically find the cusps (deep minima) in the en-
ergy while sampling. Recently we introduced a sequential sampling
technique which fulfills both [1] in the 1D subspace of symmetrical
tilt grain boundaries. Now this sequential sampling technique will be
evaluated for a 2D analysis of the energy as a function of GB plane
inclination for fixed misorientations. [1] Kroll, M., Schmalofski, T.,
Dette, H. and Janisch, R. (2022), Efficient Prediction of Grain Bound-
ary Energies from Atomistic Simulations via Sequential Design. Adv.
Theory Simul. 2100615.

15 min. break

MM 6.6 Mon 17:15 H44
Electronic band gap of Al𝑥Sc1−𝑥N: a comparison of CPA
and SQS — ∙Jan M. Waack1,2, Markus Kremer1,2, Michael

Czerner1,2, and Christian Heiliger1,2 — 1Institut für theoretis-
che Physik, Justus-Liebig-Universität Gießen, Germany — 2Center
for Materials Research (LaMa), Justus-Liebig-Universität Gießen, Ger-
many
Calculating physical properties of random substitutional solid solutions
such as Al𝑥Sc1−𝑥N requires specific methods such as the coherent po-
tential approximation (CPA)[1] and special quasi-random structures
(SQS)[2]. We compare the CPA in the framework of the atomic sphere
approximation (ASA) Korringa-Kohn-Rostoker (KKR) density func-
tional theory (DFT) with the SQS using the plane-wave pseudopoten-
tial DFT to calculate the lattice parameters and electronic band struc-
tures of the face-centered cubic phase of Al𝑥Sc1−𝑥N (with 0 ≤ 𝑥 ≤ 1).

Using the low-computational-cost LDA-1/2 quasiparticle method[3]
to calculate the electronic band structures within SQS and CPA, we
present the first implementation of LDA-1/2 within the KKR DFT.
We find that both the lattice parameter and the indirect band gap
satisfy Vegard’s law including a bowing parameter.

[1] C. Franz, M. Czerner, and C. Heiliger, Phys. Rev. B 88, 94421
(2013). https://doi.org/10.1103/PhysRevB.88.094421

[2] A. Zunger, S.-H. Wei, L. G. Ferreira, and J.
E. Bernard, Phys. Rev. Lett. 65, 353 (1990).
https://doi.org/10.1103/PhysRevLett.65.353

[3] L. G. Ferreira, M. Marques, and L. K. Teles, Phys. Rev. B 78,
125116 (2008). https://doi.org/10.1103/PhysRevB.78.125116

MM 6.7 Mon 17:30 H44
Using MD simulations to better understand and control self-
propagating reactions in Al-Ni multilayers — ∙Fabian Schwarz
and Ralph Spolenak — Laboratory for Nanometallurgy, Department
of Materials, ETH Zürich, CH-8093 Zürich, Switzerland
Reactive multilayers are capable of releasing large amounts of heat in
a short time, making them a possible tool for energy storage or joining
applications. Molecular Dynamics (MD) simulations can be used as
a tool to study the front propagation, while varying certain system
parameters. We study the influence of the crystal structure on the
reaction front propagation in Al-Ni multilayers by looking at various
microstructures, such as amorphous, single crystal or different grain
structures. We found that crystallinity has a significant impact on the
front propagation speed, which is likely related to different diffusion
mechanisms. The more disordered the individual layers become, e.g.,
by increasing the grain boundary density, the higher is the resulting
propagation speed. Furthermore, we study the influence of a premixed
interlayer at the interface on the reaction propagation. For this, pre-
mixed interlayers with different, namely homogeneous, gradient and
s-shaped profiles are studied and compared to existing experimental
results. Beyond better understanding of the premixed interlayer, we
show that it can be used to control the front propagation speed in
reactive multilayers. Furthermore, we show that the heat of crystal-
lization of amorphous AlNi to B2-AlNi alone is high enough for a
self-propagating reaction to occur.

MM 6.8 Mon 17:45 H44
strong impact of spin fluctuations on the antiphase bound-
ary energies of weak ferromagnetic Ni3Al — ∙Xiang Xu1,2, Xi
Zhang2, Andrei Ruban3,4, Siegfried Schmauder1, and Blazej
Grabowski2 — 1Institute for Materials Testing, Materials Science
and Strength of Materials, University of Stuttgart, Germany —
2Institute for Materials Science, University of Stuttgart, Germany —
3KTH Royal Institute of Technology, Stockholm, Sweden — 4Materials
Center Leoben Forschung GmbH, Leoben, Austria
The antiphase boundary (APB) was believed to be crucial for explain-
ing the anomalously increased yield stresses of L12 Ni3Al. However,
an accurate temperature-dependent APB energy is still missing and
the magnetic effect was often underestimated or even neglected. In
this work, the influence of longitudinal spin fluctuations (LSF) as
well as other thermal mechanisms were considered within the ab-initio
framework up till the melting point. We found that the calculated
𝑇 -dependent APB energies show a remarkable agreement with the ex-
perimental data despite the large discrepancy between different works.
The LSF effect was determined to crucially increase APB energies,
especially for (100)APB with a maximum of 50% over the nonmag-
netic data. This significant contribution prompts to take serious con-
sideration of LSFs when studying the paramagnetism, even for weak
itinerant ferromagnetic materials. The accurate APB energy acquired
in this work can be used to set up quantitative models for simulat-
ing dislocation motions and the elastic-plastic behavior for Ni-based
superalloys on the macro scale.
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MM 6.9 Mon 18:00 H44
Ab initio study on the phase stabilities of multi-component
carbides in high-Mn steels — Lekshmi Sreekala1, Jörg
Neugebauer1, and ∙Tilmann Hickel1,2 — 1Max-Planck-Institut für
Eisenforschung, Düsseldorf, Germany — 2BAM Bundesanstalt für Ma-
terialforschung und -prüfung, Berlin, Germany
The high strength and ductility of advanced high Mn steels makes
them suitable for lightweight applications in the transportation sec-
tor. A modification of their properties can be achieved by intentional
or unintentional addition of further alloying elements, which is often
connected with the formation of secondary phases. In particular, Cr
addition improves corrosion resistance and, at the same time, inadver-
tently yields a substantial increase in the number of carbides precipi-
tated, such as Fe3C and Fe23C6. Therefore, in the present work, we
use density functional theory to determine the thermodynamic driving
force for the formation of these multicomponent carbides by evalu-
ating their phase stabilities. We study the free energy of formation
at finite temperatures by considering the vibrational, electronic and
magnetic contributions. While both Cr and Mn stabilize Fe-carbides,
we found that the impact of Cr is higher than that of Mn for a typ-
ical host matrix composition of Fe, Cr and Mn. Further, we analyze
the critical role of magneto-structural coupling for the phase stabil-
ity of these compositionally complex carbides. Through this study,
we demonstrate the predictive capability of ab initio thermodynam-
ics to accurately describe the phase stabilities of chemically complex
secondary phases in metallic alloys.

MM 6.10 Mon 18:15 H44
Atomistic simulation of diffusion in 𝛾′-strengthened Co-based
superalloys — ∙Lin Qin1, Jutta Logal2,3, Dorota Kubacka4,
and Ralf Dratz1 — 1ICAMS, Ruhr University Bochum, Bochum,
Germany — 2Department of Chemistry, New York University, New
York, United States — 3Department of Physics, Free University of
Berlin, Berlin, Germany — 4Institute of Micro- and Nanostructure
Research, FAU, Erlangen, Germany
The suppressed diffusion of Al in the strengthening 𝛾′ precipitates in
Co-based superalloys is suspected to be one plausible reason to cause
the selective formation of alumina in the early stage of oxidation above
900∘C. In order to validate this assumption, the diffusion properties
of Al, Co and W in a prototype structure of 𝛾′ phase, i.e. L12-
Co3 (Al,W), are investigated with Density Functional Theory (DFT)
and Kinetic Monte Carlo (KMC) simulations. DFT calculations reveal
that the migration barrier of each element in Co sublattice is compa-
rable with its respective barrier in pure Co. However, the crossover
barriers of Al and W from their original positions to Co sublattice
are much higher than the barriers for the reverse process. This large
discrepancy in barriers constrains the site fraction of Al and W in
Co sublattice, and therefore significantly suppresses the long-distance
diffusion of Al and W in 𝛾′ phase. KMC results show that Al diffu-
sivity in 𝛾′ phase is over two order of magnitudes lower than that in a
solute 𝛾 phase (Co75Al12.5W12.5) at 900∘C, suggesting that the slug-
gish diffusion of Al in 𝛾′ can be a possible reason to cause the selective
formation of alumina in Co-based superalloys.

MM 7: Microstructures and Phase Transformations: Oxides & Perovskites

Time: Monday 15:45–17:00 Location: H45

MM 7.1 Mon 15:45 H45
Evolution of a particle in twisted bilayer optical potentials
— ∙Ganesh C. Paul1, Patrik Recher1,2, and Luis Santos3 —
1Institut für Mathematische Physik, Technische Universität Braun-
schweig, 38106 Braunschweig, Germany — 2Laboratory for Emerging
Nanometrology, 38106 Braunschweig, Germany — 3Institut für Theo-
retische Physik, Leibniz Universität Hannover, Germany
Very recently few theoretical proposals have been put forward to sim-
ulate twisted bilayers using cold atoms in state-dependent optical lat-
tices, which can be used as an alternative platform to investigate
twisted bilayers in solid-state experiments. We study the band struc-
ture of both square and hexagonal geometries in an optical lattice set-
up, where the band structure can be tuned to be almost flat by proper
implementation of interlayer Gaussian-type coupling. We examine the
evolution of a particle in the twisted bilayer square-like potential, and
find that the particle follows specific paths forming channels when
the interlayer hopping is much stronger than the intralayer hopping
strength. Due to the flexibility of controlling the inter- and intralayer
coupling in optical lattices, our proposals should be easy to be realised
in a cold atom set-up.

MM 7.2 Mon 16:00 H45
Phase transitions and phonon renormalization in CsPbBr3
via a machine learning interatomic potential — ∙Erik
Fransson1, Fredrik Eriksson1, Petter Rosander1, Terumasa
Tadano2, and Paul Erhart1 — 1Chalmers University of Technol-
ogy, Gothenburg, Sweden — 2National Institute for Materials Science,
Tsukuba, Japan
Here, we present a study on phase-transition and phonon renormaliza-
tion in the metal halide perovskite CsPbBr3 using a machine learning
(ML) interatomic potential. The ML potential is a neuroevolution-
potential constructed using the GPUMD software and is trained on
atomic forces, energies and stresses obtained from DFT calculations.
We find that the ML potential captures the correct phase-transition
from the orthorhombic phase to tetragonal phase and from tetrago-
nal to cubic phase. The phase transition temperatures obtained are
slightly underestimated compared to experimental studies, but in good
qualitative agreement. These phase-transitions are connected to the
so called tilt-modes at the R and M point in the brillouin zone, which
corresponds to tilting of the PbBr6 octahedra. The dynamics of these
modes are studied with MD simulations and mode projections, and
we find that they have are strongly anaharmonic and over-damped
character. Furthermore, we investigate and benchmark how different

self-consistent phonon methods work for these strongly anharmonic
modes.

MM 7.3 Mon 16:15 H45
A particular EFG temperature dependence for 181-Ta(TiO2):
An electron-gamma TDPAC study — ∙Ian Chang Jie Yap1,
Juliana Schell2,3, Thien Thanh Dang3, Cornelia Noll4,
Reinhard Beck4, Ulli Köster5, Ronaldo Mansano6, Peter
Blöchl1,7, and Hans Christian Hofsäss1 — 1Georg-August Uni-
versität Göttingen — 2European Organization for Nuclear Research
(CERN) — 3Institute for Materials Science and Center for Nanointe-
gration Duisburg-Essen (CENIDE), University of Duisburg-Essen —
4Helmholtz-Institut für Strahlen- und Kernphysik, University of Bonn
— 5Institut Laue-Langevin — 6Escola Politécnica, Universidade de
São Paulo — 7Technische Universität Clausthal, Institute of Theoret-
ical Physics
In this work, we report on the hyperfine parameters of the implanted
181Ta probe in the rutile structure of the single crystal TiO2 using the
e - 𝛾 time differential perturbed angular correlation (e - 𝛾 TDPAC)
technique. The experiments were performed under vacuum within the
temperature range of 50 K - 427 K. The hyperfine parameters that
are obtained from the e - 𝛾 TDPAC spectroscopy agrees with that
of the 𝛾 - 𝛾 TDPAC spectroscopy at room temperature, apart from
a calibration factor, both from our experiments and literature. Sur-
prisingly, we have detected a parabolic increase of Vzz with a concave
curvature at the low-temperature regime (50 K - 427 K), as opposed
to the linear increase at the high-temperature regime (600 K - 1200 K)
as found in the literature. Hence, we are performing DFT calculations
on Ta-doped TiO2 over a broad temperature range to obtain deeper
insights.

MM 7.4 Mon 16:30 H45
Hidden charge order in square-lattice Sr3Fe2O7 — ∙Darren C.
Peets1,2,3, Jung-Hwa Kim1, Manfred Reehuis4, Peter Adler5,
Andrey Maljuk1,6, Tobias Ritschel2, Morgan C. Allison2,
Jochen Geck2,7, Jose R. L. Mardegan8, Pablo J. Bereciar-
tua Perez8, Sonia Francoual8, Andrew C. Walters1,9, Thomas
Keller1,10, Paula M. Abdala11, Philip Pattison11,12, Pinder
Dosanjh13, and Bernhard Keimer1 — 1MPI-FKF, 70569 Stuttgart
— 2IFMP, TU Dresden, 01069 Dresden — 3NIMTE CAS, Ningbo,
315201 China — 4HZB, 14109 Berlin — 5MPI-CPfS, 01187 Dresden
— 6IFW, 01171 Dresden — 7ct.qmat, TU Dresden, 01062 Dresden
— 8DESY, Hamburg 22603 — 9Diamond, Didcot OX11 0DE, UK
— 10MPI Outstation at MLZ, 85748 Garching — 11SNBL at ESRF,
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38042 Grenoble, France — 12EPFL, BSP-Dorigny, CH-1015 Lausanne,
Switzerland — 13UBC, Vancouver, V6T 1Z1 Canada
Since the discovery of charge disproportionation in Sr3Fe2O7 by Möss-
bauer spectroscopy >50 years ago, the spatial ordering pattern of
the disproportionated charges has stayed “hidden” to conventional
diffraction, despite numerous x-ray and neutron studies. Our neutron
Larmor diffraction and Fe 𝐾-edge resonant x-ray scattering demon-
strate checkerboard charge order in the FeO2 planes that vanishes at a
sharp second-order phase transition at 332K. Stacking disorder of the
checkerboard pattern due to frustrated interlayer interactions broad-
ens their superstructure reflections, greatly reducing their amplitude,
explaining the difficulty to detect them. We discuss implications of
these findings for research on “hidden order” in other materials.

MM 7.5 Mon 16:45 H45
Band structure effects of a current-induced Mott-insulator
to metal transition in Ca2RuO4 — ∙D. Curcio1, C. E.
Sanders2, A. Chikina1, M. Bianchi1, H. E. Lund1, V.
Granata3, M. Cannavacciuolo3, P. Dudin4, J. Avila4, C.
Polley5, B. Thiagarajan5, A. Vecchione6, and P. Hofmann1 —

1Department of Physics and Astronomy, Aarhus University, Denmark
— 2STFC Central Laser Facility, Harwell Campus, United Kingdom
— 3Dipartimento di Fisica *E.R. Caianiello*, Università degli Studi
di Salerno, Italy — 4Synchrotron SOLEIL, Gif-sur-Yvette, France —
5MAX IV Laboratory, Lund University, Lund, Sweden — 6CNR-SPIN,
c/o Università degli Studi di Salerno, Italy
The Mott insulator Ca2RuO4 can be turned into a metal by the appli-
cation of a weak electric field and a corresponding transport current.
This transition affects the optical and magnetic properties of the ma-
terial. However, because of the electric field’s presence and the field-
induced energy broadening, it is challenging to determine the electronic
structure in the metallic state by angle-resolved photoemission spec-
troscopy (ARPES). Making use of the recently introduced approach
to enable ARPES measurements of current-carrying devices by using
a nano-scale light spot [1], we are able to measure ARPES data that
tracks the current-induced phase transition in Ca2RuO4 simultane-
ously with the electrical transport, revealing the spectral function of
the current-induced state along with a potential map of the sample’s
surface.
[1] D. Curcio et al. Phys. Rev. Lett. 125, 236403 (2020).

MM 8: Materials for Storage and Conversion of Energy

Time: Monday 15:45–18:30 Location: H46

MM 8.1 Mon 15:45 H46
Atomistic analysis of Li migration in Li1+𝑥Al𝑥Ti2−𝑥(PO4)3
(LATP) solid electrolytes — ∙Daniel Pfalzgraf1,2, Daniel
Mutter2, Daniel Urban1,2, and Christian Elsässer1,2 —
1Freiburg Materials Research Center (FMF), University of Freiburg,
Stefan-Meier-Straße 21, 79104 Freiburg, Germany — 2Fraunhofer
IWM, Wöhlerstraße 11, 79108 Freiburg, Germany
We present an examination of the ionic migration of Li in LATP
[Li1+𝑥Al𝑥Ti2−𝑥(PO4)3] solid electrolytes from an atomistic viewpoint
based on density functional theory calculations [1]. In our study, we
vary the Al content and investigate its effects on the crystal struc-
ture of LATP and on the migration energy landscape of interstitial Li
ions. The energy profiles governing the Li diffusion are found to be
systematically influenced by the position of Al ions in direct vicinity
of the migration path, and we derive a simplified classification scheme
of three universal energy profile shapes. The overall influence of the
Al/Ti-ratio on the Li migration is analyzed by a separation into chem-
ical and geometrical aspects. This work provides a solid basis for a
resource-efficient computational examination of the ionic conductivity
of Li in LATP with varying Al/Ti concentrations.

[1] D. Pfalzgraf, D. Mutter, and D.F. Urban, Solid State Ionics 359,
115521 (2021)

MM 8.2 Mon 16:00 H46
Diffraction tomography studies of lithium distribution in
18650-type Li-ion cells — ∙Anatoliy Senyshyn1, Vladislav
Kochetov2, Dominik Petz3, and Martin Mühlbauer4 —
1Forschungsneutronenquelle Heinz Maier-Leibnitz, Technische Univer-
siät Müncheng, Garching, Germany — 2Institut für Physik, Univer-
sität Rostock, Rostock, Germany — 3Physik Department, Technische
Universität München, Garching, Germany — 4Institute for Applied
Materials, Karlsruhe Institute of Technology, Karlsruhe, Germany
At the moment Li-ion batteries are dominating in the segment of en-
ergy storage for portable electronics and electric drivetrains. Despite
its overall popularity and widespread, the Li-ion technology has a high
improvement potential, especially in the aspects concerning power and
energy density, power fading, safety etc. Besides the variety of differ-
ent factors, the chemical, mechanical and morphological uniformity of
the cell components is one of the aspects crucial for optimization, es-
timation and prediction of cell parameters and cell behavior during
standard operation and misuse. In the current contribution a series
of diffraction-based methods (spatially resolved diffraction using ra-
dial oscillating collimators and\or conical slits as well as X-ray and
neutron diffraction tomography) applied to probe inner structure of of
samples (eithe on example of dedicated phantom sample or cylinder-
type Li-ion battery) will be briefly introduced and reviewed.

MM 8.3 Mon 16:15 H46
Li diffusion in perovskite materials for battery applications

— ∙Wei Wei1, Julian Gebhardt1,2, Daniel Urban2,3, and Chris-
tian Elsässer1,2,3 — 1Cluster of Excellence livMatS, University of
Freiburg, Germany — 2Fraunhofer Institute for Mechanics of Materi-
als IWM, Freiburg, Germany — 3Freiburg Materials Research Center
(FMF), University of Freiburg, Germany
Metal halide perovskites are promising photovoltaic (PV) absorber ma-
terials, with the highest power conversion efficiency values currently
exceeding 22%. Furthermore, unlike most of the traditional PV mate-
rials, hybrid perovskites have a strong ionic character. Therefore, these
materials have recently been reported to have good ionic conductivity
and lithium storage potential,[1] allowing in principle the combination
of a solar cell and a Li-ion battery in a single device. Here, we in-
vestigate this possibility by a Li-CsPbI3 model system. By means of
density-functional-theory calculations, we consider two scenarios: 1) Li
in the rigid cubic perovskite structure, and 2) Li in the perovskite struc-
ture with flexible tilted bonds, which is the more realistic scenario at
room temperature. The results of our simulations show that in the less
symmetric structure the interstitial Li sites become nondegenerate and
Li ions migrate along more complicated paths and have to overcome
higher barriers than in the cubic structure. Nevertheless, diffusing Li
ions have to overcome only moderate energy barriers of 0.16-0.33 eV,
corroborating the potential use of metal-halide perovskites as Li-ion
conducting PV materials.

[1] Zhen Li et al. Energy Environ. Sci.10 (2017) 1234

MM 8.4 Mon 16:30 H46
Analytical TEM studies of LiCoO2 thin film electrode for Li-
ion batteries — ∙Ardavan Makvandi1, Sandra Lobe2, Michael
Wolff2, Martin Peterlechner1, Christoph Gammer3, Sven
Uhlenbruck2, and Gerhard Wilde1 — 1Institute of Materials
Physics, University of Münster, Münster, Germany — 2Institute of
Energy and Climate Research, Materials Synthesis and Processing
(IEK-1), Forschungszentrum Jülich GmbH, Jülich, Germany — 3Erich
Schmid Institute of Materials Science, Austrian Academy of Sciences,
Leoben, Austria
LiCoO2 is the mostly used cathode material in commercial Li-ion bat-
teries. However, only half of its theoretical capacity can be used due to
the structural and chemical instability of its surface at charge voltages
higher than 4.2 V. In general, interfaces (e.g. active material/coating,
electrode surface/electrolyte) determine the local Li-ion transport ki-
netics and finally the electrochemical performance. Therefore, it is
necessary to study the structure and chemistry of electrodes and elec-
trode/electrolyte interfaces. In this work, the structure and chemistry
of the bulk and surface regions of LiCoO2 thin film before and after
cycling are studied using transmission electron microscopy (TEM). In
this case, the effect of an Al-doped ZnO-coating layer on the stability
of the electrode surface upon cycling at high charge voltage has been
studied.
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MM 8.5 Mon 16:45 H46
Investigation of volume changes in the colquiriite struc-
ture due to Li insertion from first principles — ∙Aljoscha
Baumann1,2, Daniel Mutter2, Daniel Urban1,2, and Christian
Elsässer1,2 — 1Freiburger Materialforschungszentrum, Stefan-Meier-
Straße 21, 79104 Freiburg — 2Fraunhofer IWM, Wöhlerstraße 11,
79108 Freiburg
The long-term stability of lithium-ion batteries (LIB) is often nega-
tively affected by mechanical stresses in the cathode material during
charge/discharge cycles. Materials that show a zero-strain (ZS) be-
havior, i.e. their volume changes hardly during insertion or extraction
of Li ions, are therefore of great interest. For individual compounds
of the material class of colquiriites, LiAIIMIIIF6, ZS behavior has al-
ready been predicted theoretically and observed experimentally, e.g.
for Li1+xCaFeF6, which exhibited a volume change of less than 0.5 %
upon insertion of lithium ions up to x=0.8.

In order to identify the mechanism responsible for the ZS behavior
we calculated the variation of the equilibrium volume due to varying Li
concentration using density-functional theory (DFT). The analysis of
the electronic and magnetic structure and local structure parameters
at equilibrium volumes indicates that the total volume is influenced by
a combination of expanding fluorine octahedra around the transition-
metal ions due to the changing oxidation state, the distortion of octa-
hedra around the Ca ions, and a decrease of repulsion between fluorine
anions due to the inserted Li ions.

15 min. break

MM 8.6 Mon 17:15 H46
Cu2+ Intercalated Vanadium Pentoxide Grown on Carbon
Cloth as Binder-Free Cathodes for Reversible Aqueous Zinc
Ion Batteries — ∙Ping Hong1,2, Yude Wang2, Huaping Zhao1,
and Yong Lei1 — 1Fachgebiet Angewandte Nanophysik, Institut für
Physik & IMN MacroNano, Technische Universität Ilmenau, 98693 Il-
menau, Germany — 2School of Materials Science and Engineering,
Yunnan University, Kunming, People’s Republic of China
Aqueous zinc batteries (ZIBs) with low cost, safety, environmentally
friendly, and high theoretical capacity are a promising electrochemi-
cal energy storage technology. Vanadium based materials have been
widely studied as cathode materials for ZIBs because of their safety,
diverse crystal structure, abundant resources, low cost and high theo-
retical capacity. In the reported cathode materials, the mass loading of
the cathode is usually less than 4 mg/cm2 is not sufficient enough for
practical applications. Herein, Cu2+ intercalated vanadium pentoxide
(CVOH@CC) with high loading (~7 mg/cm2) were directly grown on
carbon cloth via hydrothermal method. The as-prepared CVOH@CC
has a distinct 3D interconnected nested structure. When applying as
binder-free cathode for ZIBs, CVOH@CC electrodes exhibited a high
capacity of 223.4 mAh/g at 1.0 A/g and a long cycling performance
of over 2000 cycles. The intercalation resulted in a better capaci-
tive response and faster diffusion rate for the cathode compared to
pure vanadium pentoxide (VOH@CC), which means better rate per-
formance and cycling stability, providing a viable design proposal for
the production of industrial grade ZIBs.

MM 8.7 Mon 17:30 H46
Reversible hybrid Na-CO2 batteries with low charging volt-
age and long-life — ∙Changfan Xu — Fachgebiet Angewandte
Nanophysik, Institut für Physik & IMN MacroNano, Technische Uni-
versität Ilmenau, 98693 Ilmenau, Germany — School of Metallurgy
and Environment, Central South University, Changsha 410083, China
— Faculty of Metallurgical and Energy Engineering, Kunming Univer-
sity of Science and Technology, Kunming 650093, China
A reversible and long-life hybrid Na-CO2 battery was proposed by us-
ing Na3Zr2Si2PO12 solid electrolyte as a separator, the saturated NaCl
solution as an aqueous electrolyte, and nitrogen-rich graphitic carbon
framework with well-defined morphology and dense bimetallic Fe-Cu
sites (Fe-Cu-N-C) as cathodic catalyst. Besides having high Na+ ion
conductivity, Na3Zr2Si2PO12 solid electrolyte also can prevent poten-
tial contamination from H2O and CO2 to sodium anode and avoid
the internal short-circuit touch of Na dendrite with the cathode, thus
improving the battery safety. The aqueous electrolyte can facilitate
the dissolution of insulated discharge products, which overwhelmingly
improves the reaction kinetics. The Fe-Cu-N-C cathodic catalyst can
facilitate the fast evolution and degradation of flocculent discharge
products. Finally, the hybrid Na-CO2 battery exhibited an excellent

long-term cyclability with up to 1550 cycles (over 600 h). The reaction
mechanism of Na-CO2 battery was revealed by in-situ Raman, SEM
and XRD analyses.

MM 8.8 Mon 17:45 H46
Revisiting the storage capacity limit of graphite battery an-
odes: spontaneous lithium overintercalation at ambient pres-
sure — Cristina Grosu1,2, ∙Chiara Panosetti1, Steffen Merz2,
Peter Jakes2, Sebastian Matera1, Rüdiger-A. Eichel2, Josef
Granwehr2, and Christoph Scheurer1 — 1Fritz-Haber-Institut,
Berlin, Germany — 2IEK-9, Forschungszentrum Jülich, Germany
The market quest for fast-charging, safe, long-lasting, and performant
batteries drives the exploration of new energy storage materials, but
also promotes fundamental investigations of those already widely used.
Presently, revamped interest in anode materials is observed – primarily
graphite electrodes for Li-ion batteries. We focus on the upper interca-
lation limit in the morphologically quasi-ideal highly oriented pyrolytic
graphite (HOPG), with a LiC6 stoichiometry corresponding to 100%
state of charge (SOC). We prepared a sample by immersion in liquid
lithium at ambient pressure. Investigation by static 7Li nuclear mag-
netic resonance (NMR) resolves unexpected signatures of superdense
intercalation compounds, LiC6−𝑥. These were ruled out for decades,
since the highest geometrically accessible composition, LiC2, can only
be prepared under high pressure. We thus challenge the widespread
notion that any additional intercalation beyond LiC6 is not possible
under ambient conditions. We monitored the sample upon calendaric
aging and employed ab initio calculations to rationalise the NMR re-
sults. The computed relative stabilities of different superdense con-
figurations reveal that non-negligible overintercalation does proceed
spontaneously beyond the currently accepted capacity limit.

MM 8.9 Mon 18:00 H46
The dielectric behaviour of Lithium intercalated graphite an-
odes as a function of the state of charge — ∙Simon Anniés1,2,
Chiara Panosetti2, Maria Voronenko1, and Christoph
Scheurer2 — 1Theoretical Chemistry, Technical University Munich,
Germany — 2Fritz Haber Institut, Berlin, Germany
The dielectric behaviour of battery materials is a crucial piece of infor-
mation for understanding atomistic mechanics and modelling diffusion-
and charging processes. However, for the most common anode material
in today’s Lithium ion batteries (Lithium intercalated graphite), liter-
ature results regarding this property are sparse, conflicting and only
available for the empty state of charge (SOC).

Utilizing our recently developed DFTB parametrization (based on a
machine-learned repulsive potential), we are - for the first time - able to
compute the dielectric behaviour of Lithium intercalated graphite for
the entire range of charge from 0% to 100%. Our results agree with
experiments for ’empty’ graphite, as well as for (bilayer-) graphene,
which we use for an additional benchmark of our approach.

With increasing state of charge, we find a linear dependency of the
dielectric constant, growing from around 7 at 0% SOC to around 29
at 100% SOC. With this, we lay an important piece of foundation for
the understanding and multi-scale modelling of entire charging and
discharging processes of Li-ion batteries.

MM 8.10 Mon 18:15 H46
In-situ analysis of SEI formation and cycle behavior on Sn
by combined QCM-CV — ∙Ke Wang and Guido Schmitz —
Chair of Materials Physics, Institute for Materials Science, University
of Stuttgart, Heisenbergstr. 3, 70569 Stuttgart, Germany
Sn (Tin) could in principle be a promising candidate for a lithium-
ion battery anode since it offers larger capacity than commercially
graphite. But, researchers are still confused about the capacity fade
especially caused by the formation of solid electrolyte interface (SEI).
Here, we perform an in-situ characterization to clarify the mechanisms
of SEI formation. Cyclic voltammetry has been conducted in combina-
tion with a quartz crystal microbalance to measure the growth of the
SEI. Beside the overall mass increase, evaluating the mass change per
charge (MPE) even enables identification of the ab/desorbed species.
In advanced analysis, we combine three different characteristics includ-
ing mass spectra, real-time MPE and average MPE, for the different
stages of the long-term SEI formation. Except the SEI layer formed in
first cycle, the SEI is continuously affected by the formation of Li2O
during lithiation and the oxidation of Sn during de-lithiation. In ad-
dition, the influence of the voltage window and the thickness of the
electrodes on SEI formation are investigated. Remarkably, the SEI
thickness reveals a linear relation to the electrode thickness which is
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linked to continuous cracking and major oxidization of Sn bulk. Par-
ticularly, the inorganic part of the SEI formed during lithiation in the

specific voltage range of 0.36 - 0.27 V plays an important role on the
microstructure of electrode and stabilizing the electrode.

MM 9: Non-equilibrium Phenomena in Materials Induced by Electrical and Magnetic Fields 2
Material modification

Time: Monday 17:15–18:30 Location: H45

Topical Talk MM 9.1 Mon 17:15 H45
Design of corrosion-free and highly active electrocatalysts
and photocatalysts via combinations of ab initio calculations
and electrodynamics — ∙Heechae Choi — Institute of Inorganic
Chemistry, University of Cologne, Greinstr. 6, 50939, Cologne, Ger-
many
Long enough lifetime of a catalyst is a very important, and frequently
overlooked issue in catalyst design and development. For catalytic
materials used in extreme conditions, corrosion resistance is the key
factor to determine the lifetime and the steady performances over time.
However, the theoretical design principle for the corrosion resistance of
catalytic materials is lacking compared to the performance descriptor,
which can give accurate predictions of catalytic activities of metallic
materials. Recently, using the combinations of ab initio calculations
and electrodynamics model, we proposed a new theoretical scheme to
improve the catalytic activity and corrosion resistivity. Under the hy-
pothesis that the resistance of corrosion is a function of adsorption en-
ergy of corrosive ions in aqueous phases, we attempted to install built-
in electric fields on heterogeneous catalyst surfaces. As the results, the
performances of TiO2 photoanode, Co/graphene Zn-air battery, and
the water splitting by metal/carbon hetereojunctions were highly im-
proved. In this talk, I will introduce the procedures of such materials
design theory developments and the experimental verifications.

MM 9.2 Mon 17:45 H45
Understanding DC-induced abnormal grain growth in FeC-
thin films — ∙Thomas Brede, Michel Kuhfuss, Reiner Kirch-
heim, and Cynthia Volkert — Institut für Materialphysik, Univer-
sität Göttingen, Deutschland
The field of processing materials with magnetic or electric fields and
currents in steadily growing, since it opens the door to more efficient
ways of material treatment and former not achievable material mod-
ifications. In this scope, it was shown recently, that high DC electric
current densities up to 4 MA/cm2 can be used at elevated tempera-
tures of 550∘C to produce elongated ferrite grains with high aspect
ratios in an otherwise nanocrystalline iron-carbon thin film. To un-
derstand the underlying mechanism we will present experiments in a
wide range of process parameters. The samples were characterized by
SEM and EBSD in different stages of the experiment. The results
shown allow a detailed description of the underlying mechanism of the
evolution of the abnormal grown structures. In addition they reveal a
threshold linked to the electromigration-induced C-flux, below which
no changes occur. A purely kinetic model will be presented to describe
the observed behaviour and allow the prediction of similar effects at

different process parameters and material systems.

MM 9.3 Mon 18:00 H45
Cavity induced and influenced phases of matter — ∙Christian
J. Eckhardt1,2, Giacomo Passetti2, Marios Michael1, Frank
Schlawin1, Dante M. Kennes2,1, and Michael A. Sentef1 —
1Max Planck Institute for the Structure and Dynamics of Matter,
Hamburg, Germany — 2RWTH Aachen University, Aachen, Germany
An optical cavity may be used to influence or induce phases of matter.
We discuss how a charge-density wave phase in a 1-dimensional chain
of spinless fermions is enhanced through the coupling to the quantized
photon field. At the critical point between the Luttinger liquid and the
charge-density wave, we find strong light-matter entanglement. Addi-
tionally, we ask in what ways photons can be used as pairing glue for
superconductivity (SC). We show that a fingerprint feature of such
cavity-induced SC is the pickup of a k-dependence of the gap in the
electronic spectrum on the Fermi-surface.

MM 9.4 Mon 18:15 H45
Floquet engineering the band structure of materials with
optimal control theory — ∙Alberto Castro1,2, Umberto de
Giovannini3,4, Shunsuke Sato5,4, Hannes Hübener4, and An-
gel Rubio4,6 — 1ARAID Foundation, Zaragoza (Spain) — 2Institute
for Biocomputation and Physics of Complex Systems, University of
Zaragoza, Spain — 3Universitá degli Studi di Palermo, Dipartimento di
Fisica e Chimica - Emilio Segrè, Palermo, Italy — 4Max Planck Insti-
tute for the Structure and Dynamics of Matter, Hamburg, Germany —
5Center for Computational Sciences, University of Tsukuba, Tsukuba
, Japan — 6Center for Computational Quantum Physics (CCQ), The
Flatiron Institute, New York NY
We demonstrate that the electronic structure of a material can be de-
formed into Floquet pseudo-bands with tailored shapes. We achieve
this goal with a novel combination of quantum optimal control the-
ory and Floquet engineering. We illustrate this framework utilizing a
tight-binding description of graphene. We show several examples fo-
cusing on the region around the K (Dirac) point of the Brillouin zone:
creation of a gap with opposing flat valence and conduction bands,
creation of a gap with opposing concave symmetric valence and con-
duction bands, or closure of the gap when departing from a modified
graphene model with a non-zero gap. We employ time periodic drives
with several frequency components and polarizations, in contrast to
the usual monochromatic fields, and use control theory to find the op-
timal amplitudes of each component that optimize the shape of the
bands as desired.

MM 10: Poster Session 1

Time: Monday 18:00–20:00 Location: P2

MM 10.1 Mon 18:00 P2
Training Gaussian Approximation Potentials for Aqueous
Systems — ∙Nikhil Bapat, Martin Vondrák, Johannes T. Mar-
graf, Hendrik H. Heenen, and Karsten Reuter — Fritz-Haber-
Institut der MPG, Berlin, Germany
An accurate and efficient description of aqueous systems via atom-
istic computer simulations is of high relevance for many applications.
Machine learning potentials (MLPs) trained on first principles data
have demonstrated promising accuracy and computational efficiency
for the length and time scales critical to the description of water. But
even with the compelling advancements in MLPs, building a successful
data-efficient atomistic model for complex aqueous systems remains a
challenging task. The training of such MLPs can be notoriously diffi-
cult and so far required either negligence of chemical reactivity in the

MLP or excessive amounts of training data.
In this work we propose an efficient training procedure specifically

designed for aqueous systems. To that end, we employ the widely ap-
plicable Gaussian approximation potential MLP and leverage it with
a workflow for generating training data which ensures systematic in-
clusion of the bulk water configuration space. We calculate and com-
pare ensemble properties of bulk water like its equilibrium density and
diffusion coefficient to validate the MLP. The resulting model, when
coupled with an added stimuli from a solid surface, can provide in-
sights into many technologically important solid-liquid systems which
are difficult to simulate otherwise.

MM 10.2 Mon 18:00 P2
Transfer learning on organic/inorganic interfaces for different
substrates — ∙Elias Fösleitner, Johannes Cartus, Lukas Hör-
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mann, and Oliver T. Hofmann — Graz University of Technology,
Graz, Austria
Performing structure search of organic molecules on metallic surfaces
requires finding the structure with the lowest energy. Using conven-
tional density functional codes this proves to be a time-consuming task,
since the number of possible configurations is large and individual cal-
culations are expensive. For all-electron approaches, this becomes even
more problematic when calculating molecules on metal substrates of
higher nuclear charge number, e.g. on gold. To circumvent the compu-
tation of all possible configurations, machine learning techniques such
as Gaussian process regression proved to be a useful tool to reduce the
amount of calculated data.

In our work we further reduce the data requirements by using trans-
fer learning from one substrate to another. To this end, we first train
the system on substrate A, and use this information to accelerate the
learning process of the system on another substrate B. This is done by
using the energy predictions of substrate A as a prior for the machine
learning model imposed on system B. By doing so, we can reduce the
data requirements for the training of expensive systems to an extent
that makes the investigation computationally feasible.

MM 10.3 Mon 18:00 P2
Large-scale molecular dynamics simulations using fourth gen-
eration neural network potentials — ∙Emir Kocer1, Andreas
Singraber2, Tsz Wai Ko1, Jonas Finkler3, Philipp Misof2,
Christoph Dellago2, and Jörg Behler1 — 1Georg-August Uni-
versity, Göttingen, Germany — 2University of Wien, Vienna, Austria
— 3University of Basel, Basel, Switzerland
In the last decade, their proven success in bridging the gap between ab
initio and classical molecular dynamics made machine learning poten-
tials (MLP) very attractive. However, many MLPs are short-ranged
and unable to capture interactions beyond a certain cutoff, which leads
to inaccurate forces and energies in systems where long-range interac-
tions are important. While MLPs including long-range electrostatic
interactions based on local charges have been available for some years,
only recently fourth generation MLPs have emerged that can take also
global phenomena like non-local charge transfer into account. An ex-
ample is the fourth generation high dimensional neural network po-
tential (4G-HDNNP), which utilizes a global charge equilibration step.
This study presents a modified version of 4G-HDNNPs, in which the
matrix solution is replaced by a function minimization algorithm for
an enhanced scalability on multi-core systems. The new potential has
been implemented into the LAMMPS software and tested in large-scale
molecular dynamics simulations.

MM 10.4 Mon 18:00 P2
Interatomic Potential Fitting in pyiron — ∙Marvin Poul1,
Niklas Leimeroth2, Alexander Knoll3, Marius Herbold3, and
Joerg Neugebauer1 — 1Max-Planck-Institut fuer Eisenforschung —
2Universitaet Goettingen — 3TU Darmstadt
Interatomic potentials have a key role in computational materials sci-
ence bridging the gap between Ab-Initio methods and large-scale engi-
neering applications. pyiron[1] is an IDE for computational materials
science that allows for reproducible yet easy to write simulation proto-
cols. Within its framework we have developed tools that allow for semi-
automatic fitting and verifying of potentials. This includes wrappers
for AtomicRex[2] (for classical potentials) and as well the machine-
learned Moment Tensor Potentials (MTP[3]), high-dimensional neural
network potentials (HDNNP[4]), and ACE potentials. In this work
we introduce the facilities offered by our code on the examples of an
Magnesium MTP and an EAM potential for Copper.

[1]: https://doi.org/10.1016/j.commatsci.2018.07.043
[2]: https://doi.org/10.1088/1361-651X/aa6ecf
[3]: https://doi.org/10.1088/2632-2153/abc9fe
[4]: https://doi.org/10.1103/PhysRevLett.98.146401

MM 10.5 Mon 18:00 P2
Effect of temperature pre-treatments on atomic dynamics in
PdNiP studied with ECM — ∙Olivia Vaerst, Martin Peter-
lechner, and Gerhard Wilde — Institute of Material Physics, Uni-
versity of Münster, Germany
Pre-treatments on amorphous PdNiP, such as annealing and treat-
ments of thermo-mechanical kind, significantly influence the local
structure, kinetic stability, and mechanical properties of this bulk
metallic glass (BMG).

In the present work, Pd40Ni40P20 samples are pre-treated thermally

by annealing them at different temperatures below the glass transition
temperature. The resulting well-defined states are investigated via
transmission electron microscopy (TEM) with electron correlation mi-
croscopy (ECM) at room temperature. ECM is used to study atomic
rearrangements and dynamics in the material at nanometer spatial res-
olution [1,2]. The effect of thermal pre-treatments on ECM evaluation
parameters is discussed. Such investigations of the atomic mobility in
pre-treated PdNiP give further insight into underlying mechanisms and
properties of the amorphous phase as well as on the local relaxation
dynamics of a bulk metallic glass.

[1] L. He at al., Microsc. and Microanal. 21 (2015) 1026-1033.
[2] K. Spangenberg et al., Adv. Funct. Mater. 31 (2021) 2103742.

MM 10.6 Mon 18:00 P2
Investigating the short-range order of amorphous GeTe upon
structural relaxation obtained by TEM diffractometry and
RMC methods — ∙Christian Stenz1, Julian Pries1, T. Wes-
ley Surta2, Michael W. Gaultois2, and Matthias Wuttig1 —
1Institute of Physics IA, RWTH Aachen University, 52074 Aachen,
Germany. — 2Faculty of Chemistry, University of Liverpool, Liver-
pool L7 3NY, United Kingdom.
New experimental insights into the structural changes during resis-
tance drift in amorphous GeTe are presented. Selected area electron
diffraction is performed on a-GeTe in five different annealing states to
compute the pair distribution functions upon relaxation. Examination
of the short-range order based on the order parameters 𝑆(𝑞2)/𝑆(𝑞1)
and 𝑟2/𝑟1 implies a continuous increase in the most prominent average
bond angle by 1∘ towards 104.5∘. This is consistent with the analysis
of the bond angle distribution (RMC simulations) which reveals a shift
of the main contribution (∼ 103.5∘) towards larger angles. A concomi-
tant increase of intermediate geometries between tetrah. and octah.
(∼ 140∘) is observed. Applying three different techniques to estimate
the fraction of tetrahedral Ge atoms the three measures coherently
suggest a decrease in tetrahedicity. We conclude that an enhancement
of Peierls-like distorted/pyramidal motifs, 𝑖.𝑒. an increase in the 𝑃𝐷-
ratio 𝑟L/𝑟S, causes the increase of the average bond angle, resulting
in a widening of the band gap. This structural relaxation ultimately
leads to the resistance drift.

MM 10.7 Mon 18:00 P2
Influence of swift heavy ion irradiation on Pd-based metal-
lic glasses — ∙Saba Khademorezaian1, Maximillian Demming1,
Marilena Tomut1,2, Sergiy Divinski1, and Gerhard Wilde1

— 1Institute of Materials Physics, University of Münster, Wilhelm-
Klemm-Str. 10, 48149 Münster — 2GSI Helmholtzzentrum für Schw-
erionenforschung, 64291 Darmstadt, Germany
Bulk and ribbon samples of Pd40Ni40P20 in as-quenched and relaxed
states were room-temperature irradiated with 4.8 MeV/u 179Au ions
at the UNILAC accelerator. Ion beam-induced surface patterning as-
sociated with irradiation masks and smoothening of the surface were
studied by laser scanning microscope and profilometry. Irradiation
induces an out-of-plane swelling step of approximately 100 nm as mea-
sured at the boundary between the irradiated and non-irradiated ar-
eas and can be explained by additional free volume creation in the
solidified ion tracks. The swelling and plastic flow mechanisms are
analyzed. Changes in the relaxation enthalpy have been investigated
using differential scanning calorimetry. Low-temperature heat capac-
ity measurements substantiate prominent irradiation-induced changes
of the Boson peak. Furthermore, changes in diffusivity with increasing
fluence was found by post-irradiation tracer diffusion measurements.
The evolution of mechanical properties was probed by nanoindentation
measurements and the changes induced by irradiation are compared
with those caused by mechanical rejuvenation.

MM 10.8 Mon 18:00 P2
Investigations on the relaxation of metallic glasses using fast
scanning calorimetry — ∙Maximilian Demming, Mark Stringe,
Martin Peterlechner, and Gerhard Wilde — Institut für Mate-
rialphysik, Westfälische Wilhelms-Universität Münster, 48149 Münster
During isothermal annealing below the glass transition, all glasses, and
thus also metallic glasses, show relaxation effects that resemble the un-
derlying trajectory in phase space towards metastable equilibrium. Us-
ing fast scanning calorimetry (FSC) it becomes feasible to investigate
such phenomena over a wide range of rates and at very high controlled
heating or cooling rates. The tremendous advantage of FSC in com-
parison to a conventional differential scanning calorimeter (DSC) is,
that here one can reach cooling and heating rates up to several 10000
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K/s, which makes in-situ quenching possible. Another advantage is
that a large number of measurements can be performed in small time
intervals. This makes the FSC quite interesting for experiments in
thermic cycling with controlled heating and cooling rates. One special
method is the so-called cryogenic cycling, which means, that a sample
is periodically quenched and reheated between room and a cryogenic
temperature. According to literature, this treatment, that has been
termed as *cryogenic rejuvenation* could lead to markedly changed
properties of the metallic glass. The materials investigated here are
AuCuSiAg and PdNiS due to their low glass transition temperature
and melting point. In this work different relaxation states achieved by
in-situ quenching via FSC are examined and compared to the relax-
ation behavior observed at conventional rates.

MM 10.9 Mon 18:00 P2
Investigation of thermoelectric transport through infrared
spectroscopy of Heusler and Heusler-like compounds based
on Fe2VAl — ∙Sahra Black, Michael Parzer, Fabian Garm-
roudi, Ernst Bauer, Andrei Pimenov, and Evan Constable —
Institute of Solid State Physics, Vienna University of Technology, 1040
Vienna, Austria
Thermoelectric materials have attracted much interest in recent years
for their ability to convert a thermal gradient into an electric cur-
rent, thereby acting as an electric power generator. Full and half
Heusler compounds have attracted special interest in the growing field
of thermoelectricity for several members with a high thermoelectric
performance. One Heusler compound in particular Fe2VAl was under
investigation for its high power Factor 𝑃𝐹 and its high thermoelec-
tric figure of merit 𝑍𝑇 . And recently the element doped thin film
Fe2V0.8W0.2Al broke the world record for the highest thermoelectric
figure of merit of roughly 5 ever recorded.

The purpose of the project was to investigate the dielectric response of
the thermoelectric material class Fe2VAl under different manufactur-
ing methods with the usage of Fourier-transformed infrared (FTIR)
spectroscopy. This led to a better understanding of the different
contribution to the thermoelectric figure of merit 𝑍𝑇 .

MM 10.10 Mon 18:00 P2
Atom probe tomography study of diffusion in Al-TiB2 and
Al3Ta-TiB2 systems — ∙Evgeniia Volobueva, Patrick Sten-
der, Jiehua Li, and Guido Schmitz — University of Stuttgart, Insti-
tute of Material Science , Heisenbergstr. 3, 70569, Stuttgart, Germany
To improve the quality of castings, grain refinement is a technique
that can improve the overall qualities and properties of the material.
For grain refinement in aluminum casting processes, TiB2 and Ta are
added. It is well known, that Al and Ta form an Al3Ta phase inside
the Al-based alloy. In order to gain insight into the process of grain re-
finement, the diffusion of Al3Ta and Al in TiB2 crystals was analyzed
via Atom Probe Tomography (APT) in detail.

In this project, single crystals of TiB2 were used as raw material,
glued on top of tungsten posts. Both pure aluminum layers and stoi-
chiometric Al3Ta layers were deposited by sputter deposition on these
crystals with a layer thickness of 200 nm. Subsequent annealing treat-
ments were carried out to investigate segregation and diffusion phe-
nomena at the crystal interface. To use the high spatial and chemical
resolution of APT, the samples were sharpened to a final apex radius
of 50 nm by azimuthal milling using a Focused Ion Beam Instrument
(FIB). Observed segregation and determined diffusion coefficients will
be presented.

MM 10.11 Mon 18:00 P2
Highly conductive Graphite Intercalated Compounds —
∙Leonhard Niemann — Robert Bosch GmbH
Since its discovery, graphene has been a material of great research in-
terest due to its promising properties of high electron mobility and elec-
trical conductivity. However, the proposed applications have not yet
been realized due to the complexity of fabricating high-quality, defect-
free, large-area graphene films. Graphite, which consists of stacked
graphene layers, does not have the same promising properties but is
easier to fabricate. By intercalating Lewis acids between the graphene
layers of graphite, the layers decouple and graphene like behaviour is
achieved. The conductivity of these graphite intercalated compounds
(GIC) is increased. Here, we report a gas-phase intercalation method
for graphite films with AlCl3, resulting in GICs with 20 MS/m. These
films exhibit good long-term thermal stability. It is noted that the
final conductivity depends on the electrical conductivity of the un-

treated graphite films which is affected by defects in single graphene
flakes and the flake size. Studies to increase the conductivity of non-
intercalated graphite films are necessary to increase the conductivity
of GICs. Therefore, further studies on graphenization of graphite films
and defect healing are conducted and the results are presented.

MM 10.12 Mon 18:00 P2
Flatbands and Nonlinear Transport in Nodal Line Semimet-
als — ∙Thomas Bömerich, Jinhong Park, and Achim Rosch —
Institute for Theoretical Physics, University of Cologne, Germany
Ohm’s law describes the linear dependence of the current on the elec-
tric field. Although deviations from this relation are quite small for
usual metals we present a model of a semimetal with large non-ohmic
conductivity. Motivated by recent experiments on ZrTe5 we study a
low-energy Hamiltonian consisting of a single Dirac point which gets
deformed into a nodal line by mirror symmetry breaking. Upon Lan-
dau quantization a zero energy state for a wide range of momenta
emerges. For small densities the lowest Landau level can be reached at
feasible magnetic fields making it possible to investigate the properties
of the flatband.

While flatbands have generated growing interest because of their
large density of states and the importance of interactions, we instead
focus on their impact on nonlinear transport. Using the Boltzmann
equation we obtain higher order conductivities and compare our re-
sults to a Dirac semimetal. We show that in the quantum limit, the
nonlinear signal of the nodal line semimetal is five orders of magnitude
larger than the Dirac semimetal. This enhancement of the nonlinear
properties orginates from the emergence of the flat bands in the nodal
line semimetal. Additionally we investigate the influence of disorder
on the linear conductivity.

MM 10.13 Mon 18:00 P2
Towards an efficient formalism to calculate Electron-Phonon-
coupling Self Energies and Transport properties from
MD Simulation — ∙Markus Kremer1,2, Michael Czerner1,2,
and Christian Heiliger1,2 — 1Institut für Theoretische Physik,
Heinrich-Buff-Ring 16, 35392 Gießen, Germany — 2Zentrum für Mate-
rialforschung Justus-Liebig-Universität Gießen, Heinrich-Buff-Ring 16,
35392 Gießen, Germany
Calculating transport properties for finite temperature systems has
been a concern of research for a long time, with the semiclassi-
cal Lowest-order-variational approximation to the Boltzmann-equation
(LOVA) being the most commonly used. Recently it was presented
that within the KKR formalism more accurate results can be obtained
for some materials by using a quantum mechanical Landauer-Büttiker
approach incorporating phase-breaking scattering.

Here we want to investigate the possibility of obtaining transport
properties at finite temperatures by using a classical MD Simulation
and carrying out a transport calculation in the KKR formalism of a
certain amount of randomly picked MD screenshots. This procedure is
repeated for different lengths of the device to verify that the cell shows
ohmic behaviour and obtain its specific resistance. Afterwards we can
map this specific resistance to a self-energy.

MM 10.14 Mon 18:00 P2
Determination of interdiffusion coefficients for Pt-Pd bi-
nary system by Atom Probe Tomography and DFT calcula-
tions — ∙Yoonhee Lee1, Xi Zhang2, Sebastian Manuel Eich1,
Patrick Stender1, Blazej Grabowski2, and Guido Schmitz1 —
1Department for Materials Physics, Institute for Materials Science,
University of Stuttgart, Heisenbergstr. 3, 70569 Stuttgart, Germany
— 2Department of Materials Design, Institute for Materials Science,
University of Stuttgart, Pfaffenwaldring 55, 70569 Stuttgart, Germany
Understanding the diffusion behavior of different alloy components is
fundamental and many systems are well evaluated with distinct diffu-
sivities. However, despite its significant usage as a catalyst for many
applications, the interdiffusion behavior of the Pt-Pd binary system
has not yet been fully uncovered due to the remarkably slow atomic
migration. In this work, interdiffusion coefficients have been deter-
mined from experimental data and compared with the results of DFT
simulations. For the temperature range between 400 and 700∘C, nano-
sized multilayer samples were created by Ion-Beam Sputtering(IBS).
After heat treatment, the samples are analyzed by Atom Probe To-
mography (APT). Obtained composition profiles are fitted by a Fourier
series approach and the respective interdiffusion coefficients are deter-
mined. For the temperature range between 800 and 970 ∘C, micron-
sized Pt/Pd diffusion couples are used and analyzed using EDX. The
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respective interdiffusion coefficients are determined by the Boltzmann-
Matano method. All interdiffusion coefficients are compared with DFT
simulations.

MM 10.15 Mon 18:00 P2
Imbibition- and Drying-Induced deformation of Nanoporous
Solids — ∙Juan Sanchez1, Patrick Huber1, Howard Stone2,
Lars Dammann1, and Zhuoquing Li1 — 1Hamburg University of
Technology (TUHH), Hamburg, Germany — 2Princeton University,
NJ, USA
We present time-dependent macroscopic dilatometry experiments on
the deformation of nanoporous monoliths (Vycor glass) upon sponta-
neous, capillarity-driven infiltration of water as well as drying. We
find two distinct dynamical regimes. One of them can be quanti-
tatively traced to deformation originating in changes in the surface
stress at the inner pore walls (dynamic Bangham’s regime), whereas
the second results from Laplace pressure effects. The interplay of both
strain-inducing regimes allows to infer the water content in the pore
space.

The theoretical framework used to describe our experimental data
combines simple continuum mechanics and fluid dynamics on the
macroscopic porous-solid scale, supported by molecular dynamics sim-
ulations on the single-nanopore scale. Our study demonstrates that
it is possible to monitor imbibition and drying dynamics by simple
dilatometry measurements, offering multiple potential applications.

MM 10.16 Mon 18:00 P2
The Interplay of Spreading, Imbibition and Evaporation of
Droplets at Nanoporous Surfaces — ∙Laura Gallardo1,2,3,
Juan Sánchez1,2,3, Olivier Vincent4, and Patrick Huber1,2,3 —
1Insttitute for Materials and X-Ray Physics, Hamburg University of
Technology, 21073 Hamburg, Germany — 2Center for X-Ray and Nano
Science CXNS, Deutsches Elektronen-Synchrotron DESY, 22607 Ham-
burg, Germany — 3Center for Hybrid Nanostructures CHyN, Univer-
sity of Hamburg, 22607 Hamburg, Germany — 4CNRS & Univ. Lyon
1, Institute for Light and Matter (ILM), Villeurbanne, France
The dynamics of a droplet deposited on a porous substrate is a com-
bination of three phenomena: spreading, imbibition and evaporation.
Here we present a study on the interactions of droplets on nanoporous
silicon prepared by electrochemical etching as a function of time. The
evolution of the droplet volume is analyzed theoretically and experi-
mentally considering the evaporation and the imbibition of the liquid
into the porous substrate. Water is employed to illustrate the case
of an evaporation-dominated regime [1]. For an imbibition-dominated
regime squalane is employed. The very low vapor pressure of this fluid
allows for the analysis of the imbibition process of a droplet into a
porous substrate without the contribution of evaporation. The agree-
ment between the experimental data and the theoretical predictions
deepens the understanding of the structure of HF-etched porous sili-
con substrates and provides new insights into the fundamentals of fluid
transport in nanoporous media.

[1] Seker, Erkin, et al. APL 92.1 (2008): 013128

MM 10.17 Mon 18:00 P2
Kinetic trapping in brittle crack opening — ∙Tobias Müller
and Bernd Meyer — Interdisciplinary Center for Molecular Materials
and Computer Chemistry Center, FAU Erlangen-Nürnberg, Germany
In the 1920s, Griffith introduced his continuum approach for fracture.
Since then great efforts were made to describe crack propagation more
precisely within continuum mechanics. Nevertheless, it is evident that
the atomic structure of the crack tip itself plays a major role in crack
advancement, thus making it necessary to extend the concept of Grif-
fith to the discrete atomic level. This enables the possibility to investi-
gate essential and material-specific processes, such as local bond rear-
rangements and path-dependent activation barriers. In general, crack
opening is a complex chemical process on a multi-dimensional potential
energy surface with many local minima and saddle points. The com-
plexity even increases if parameters such as temperature, pressure or
chemical environments are included. Here we discuss first DFT-based
geometry optimizations for silicon to study brittle fracture mechanics.
We show that cracks can propagate via a multitude of local energy
minimum configurations connected by a variety of energy barriers. We
highlight the complex nature of crack advancement and the complex-
ity of modelling and finding the correct fracture pathway even for a
material with a simple crystal structure such as silicon.

MM 10.18 Mon 18:00 P2

Comparison of Crack - Dislocation Interactions in fcc and
bcc Metals — ∙Benedikt Eggle-Sievers and Erik Bitzek —
Max-Planck-Institut für Eisenforschung GmbH, Max-Planck-Straße 1,
40237 Düsseldorf
The Interactions between Cracks and Dislocations are investigated by
means of large scale atomistic simulations with EAM-potentials. Dis-
locations of different character and Burgers vector are placed in the
vicinity of a strain-controlled crack, resulting either in an attraction
or repulsion of the dislocation. In the former case further interations
can be observed in the course of the simulation, e.g. dislocation emis-
sion or crossslipping of screw parts. Depencies on the stress state, the
crack system, dislocation character and distance between dislocation
and crack tip are investigated in fcc and bcc crystals. The results are
discussed in the framework of resolved shear stresses acting on the dis-
locations in the near field of the crack tip and for different dislocations
characteristics in fcc and bcc.

MM 10.19 Mon 18:00 P2
Molecular dynamics analysis of point defects in ferroelectrics
— ∙Takahiro Tsuzuki1, Dilshod Durdiev2, Frank Wendler2,
Ryo Kobayashi1, Masayuki Uranagase1, Hikaru Azuma1, and
Shuji Ogata1 — 1Nagoya Institute of Technology, Nagoya, Japan
— 2Friedrich-Alexander University of Erlangen-Nürnberg, Fürth, Ger-
many
Ferroelectrics are used in many devices such as capacitors. Pb(Zr,
Ti)O3 is the most used material in piezoelectric devices but it con-
tains lead which is gradually prohibited using these days because lead
is poisonous to human health. BaTiO3, which is a very famous classical
ferroelectric and lead-free, is newly focused on because its characteris-
tics improve treated by containing defects. But the mechanism of the
effects of the defects is not well understood.

We investigated the effects of point defects, monovacancies, and first
and second neighbor divacancies on the domain growth of BaTiO3 with
an applied electric field by molecular dynamics simulation using core-
shell inter-atomic potential. We found that the first neighbor Ba-O
divacancy is the most effective on the domain growth [1]. The sum of
the electric field from the divacancy dipole and applied electric field,
when they are in the same direction, strongly assist the domain growth.

Phase-field models are powerful tools to investigate ferroelectrics in
mesoscale simulation. We obtained parameters, which contain the ef-
fect of vacancies mentioned above, for a phase-field model from the
molecular dynamics simulation.

[1] Tsuzuki T. et al., J. Appl. Phys. 131, 194101(2022).

MM 10.20 Mon 18:00 P2
Effect of increasing Mn content on generalized planar fault
energies of Ni-Mn-Ga alloys — ∙Martin Heczko1, Petr
Šesták2, and Martin Zelený1 — 1Institute of Materials Science
and Engineering, Faculty of Mechanical Engineering, Brno University
of Technology, Brno, Czech Republic — 2Institute of Physical Engi-
neering, Faculty of Mechanical Engineering, Brno University of Tech-
nology, Brno, Czech Republic
Giant magnetic field induced strain (MFIS) in martensitic phase of Ni-
Mn-Ga ferromagnetic shape memory alloy makes this alloy promising
for various applications. The reasons for existence of MFIS are the high
mobility of twin boundaries combined with large magneto-crystalline
anisotropy. We performed our calculations using the spin-polarized
DFT method implemented in the Vienna Ab Initio Simulation Pack-
age (VASP) to reveal the effect of increasing concentration of excess
Mn on formation and propagation of twin boundaries, which can be
characterized by changes in generalized planar fault energy (GPFE)
curves. Effects of excess Mn local arrangement in Ga sublattice on
GPFE curves has been considered as well.

Our results show that the barriers for nucleation and grow of a twin
rise with increasing content of Mn. It results in more difficult twin for-
mation and propagation in compositions far from stoichiometry. This
effect is even more enhanced if excess Mn atom in Ga sublattice is
located exactly in the planar fault.

MM 10.21 Mon 18:00 P2
Influence of Twin Boundaries on the Mechanical Behavior of
Nanowires Subjected to Bending — ∙Saba Khadivianazar1,2,
Jonas Schickel1, and Erik Bitzek1,2 — 1Friedrich-Alexander-
Universität Erlangen-Nürnberg , Chair of General Materials Proper-
ties, Institute I, Martensstr. 5, Erlangen 91058, Germany — 2Max-
Planck-Institut für Eisenforschung GmbH, Max-Planck-Straße 1 , Düs-
seldorf 40237, Germany
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Metallic nanowires (NWs) display superior mechanical properties com-
pared to their bulk counterparts and are regarded as promising building
blocks for a variety of application such as touchscreen displays, flexible
and stretchable electronic devices. Recently it has been observed that
the multi twinned nanowires show higher yield stress and enhanced lo-
calized deformation compared to the single crystalline nanowires. De-
spite the importance of characterizing the deformation behavior under
bending loads, most studies of metallic twinned NWs to date have been
performed under tensile testing conditions.

Here we present recent results of atomistic simulations on bi-
crystalline twinned nanowires under bending. Atomistic simulations
allow for controlled variation of the material, size, morphology, the
location of the twin boundary (TB), and loading conditions. We show
that the presence of a TB not only influences the plastic deformation
but also affects the stress state of nanowires. The critical resolved
shear stress for dislocation nucleation was determined and the inter-
actions of dislocations with TBs was studied in detail for varying twin
boundary location and bending directions.

MM 10.22 Mon 18:00 P2
Benchmarking a Machine-Learning Enhanced Dimer Method
for Transition State Search — ∙Nils Gönnheimer, King Chun
Lai, Karsten Reuter, and Johannes T. Margraf — Fritz-Haber-
Institut der Max-Planck-Gesellschaft, Berlin, Germany
The implementation of Machine-Learning (ML) surrogate models into
established atomistic simulation types (e.g. molecular dynamics or
geometry optimizations) offers the opportunity of significantly lower-
ing their computational cost. The Dimer method for finding saddle
points on high-dimensional potential surfaces is a prime example of
this. This method is an important tool for locating transition states
and exploring reaction mechanisms in heterogeneous catalysis, but ap-
plications are limited by its large computational cost. Jacobsen et al.
recently showed that this can be overcome by combining Dimer search
with a Gaussian Process Regression surrogate model in the Artificial
Intelligence-Driven dimer (AID-TS) algorithm. To better understand
the role of the ML surrogate in this method, we compare accuracy, ef-
ficiency and diversity of the found states, for AID-TS and conventional
dimer search, using surface self-diffusion of Pd(100) as an example.

MM 10.23 Mon 18:00 P2
Al-Ge solid solubility prediction using machine-learned force-
field potentials and phonon calculations — ∙Ondřej Fikar and
Martin Zelený — Institute of Materials Science and Engineering,
Faculty of Mechanical Engineering, Brno University of Technology,
Brno, Czech Republic
This work is focused on a theoretical study of the phase stability of
Al rich solid solution in Al-Ge alloy. The solubilities of the solid solu-
tion were first determined using temperature-dependent free energies
of pure elements and solid solutions of various chemical compositions
obtained from ab initio calculations based on density functional the-
ory. All total energy calculations were performed by Vienna Ab initio
Simulation Package (VASP) with the help of Projector Augmented-
wave potentials. Contributions of vibrational free energy and electron
free energy were obtained from Phonopy package. Subsequently, a
forcefield potential for Al-Ge alloy using machine learning routines as
implemented in the VASP package was created. The trained forcefield
potential was then used to again carry out phonon calculations. The
results were compared to the previous phonon calculations carried out
without machine learning.

MM 10.24 Mon 18:00 P2
Simulation of long-term diffusion-based processes in Al and
Ni — ∙Daria Smirnova1 and Erik Bitzek1,2 — 1Max-Planck-
Institut für Eisenforschung GmbH, Düsseldorf, Germany — 2Friedrich-
Alexander-Universität Erlangen-Nürnberg, Erlangen, Germany
The study of coupled diffusive-displacive processes like dislocation
climb at the atomic scale is inherently challenging due to the vastly
different time scales involved in the individual processes. One way to
address this challenge is to extend the possible simulation timescales
while keeping proper atomistic description of a system by using diffu-
sive molecular dynamics (DMD). The method combines classical atom-
istic interaction potentials in the variational Gaussian method with a
numerical solver for the diffusion equation on a variable grid given by
the atom positions. Recently, various computational implementations
of DMD were presented. Here we describe in detail the different imple-
mentations of DMD and provide benchmarks for their efficiency using
vacancy diffusion at defects in Al and Ni as model systems.

MM 10.25 Mon 18:00 P2
Ab initio study on novel precipitate-matrix interfaces in Al-
Sc based alloys — ∙Ujjal Saikia1, Tilmann Hickel1,2, Sankaran
Shanmugam3, Sergiy V. Divinski4, and Gerhard Wilde4 —
1Department of Computational Materials Design, Max-Planck-Institut
für Eisenforschung GmbH — 2BAM Bundesanstalt für Material-
forschung und -prüfung — 3Indian Institute of Technology Madras
— 4Institute of Materials Physics, University of Münster
The cube-on-cube orientation relationship (OR) with the Al matrix
has been accepted as the orientation relationship for the coherent nano-
scaled Al3Sc-based particles in Al. Recently, in a severely cold-rolled
and subsequently annealed Al-Sc-Zr-Ti alloy, atomic-scale investiga-
tions using high resolution scanning transmission electron microscopy
(HRSTEM) reveals a novel type of precipitate/matrix coherency.

We performed density functional theory (DFT) based total energy
calculations to understand the mechanism of formation of this new
type of precipitate/matrix coherency between Al3Sc and Al matrix
and to compare it with the established interfaces. Our DFT results re-
veal that the newly observed interface corresponds to a local minimum
of energy and there is an energy penalty for the interface boundary to
‘escape’ the particle. We also studied segregation behavior of Sc atoms
to probe the initial stage of formation of the observed novel Al3Sc/Al
interface.

MM 10.26 Mon 18:00 P2
Ab initio study of point defects in disordered systems —
∙Pavel Papez1, Martin Friák2, and Martin Zelený1 — 1Institute
of Materials Science and Engineering, Faculty of Mechanical Engineer-
ing, Brno University of Technology, Brno, Czech Republic — 2Institute
of Physics of Materials, v.v.i., Czech Academy of Sciences, Brno, Czech
Republic
This work is focused on a theoretical study of the influence of N and
C interstitials in the equiatomic medium entropy alloy CoCrNi. These
interstitials can be found in the alloy as contamination after prepa-
ration by powder-metallurgy techniques. The study was done by em-
ploying ab initio calculations based on the density functional theory
and was performed by Vienna Ab initio Simulation Package (VASP)
using the projector-augmented-wave formalism. The calculations were
done on 6x6x2 supercells generated by using the special quasi-random
structures approach (SQS) consisting of 216 atoms. The supercell con-
sisted of 6 lattice planes {1 1 1} along the z-axis. The hcp structures
were made from the fcc cells by moving the planes to create the hcp
ABABAB stacking. Our results have shown which interstitial posi-
tions result in the lower enthalpy of formation. They are characterized
by a higher amount of Cr and lower amount of Ni in their nearest
neighbours (NN) shell with the most stable being the one with 2 Co,
3 Cr, and 1 Ni in its 1st NN shell. The stacking fault energy (SFE)
was calculated using the first-order axial Ising model and by explicit
stacking-fault calculations in two times larger fcc supercell. The results
shown that interstitials always increase the SFE.

MM 10.27 Mon 18:00 P2
Charge distribution and electronic structure of ZIF-8 and
its derivatives from first principles — ∙Joshua Edzards1,
Holger-Dietrich Saßnick1, Ana Maria Valencia1,2 und Cate-
rina Cocchi1,2 — 1nstitut für Physik, Carl von Ossietzky Universität
Oldenburg, 26129 Oldenburg — 2nstitut für Physik and IRIS Adlers-
hof, Humboldt-Universität zu Berlin, 12489 Berlin
Metal organic frameworks are novel materials with high potential in
many fields of applications, ranging from gas storage and catalysis
to optoelectronics. In spite of their growing popularity, there is still
a lack of fundamental understanding of the physico-chemical proper-
ties of these materials, even in the most established subgroups such
as the zeolitic imidazolate frameworks (ZIFs). To shed light into the
nature of the chemical bonds in these systems, we performed a first-
principles study based on density-functional theory investigating the
charge distribution in ZIF-8 and its derivatives with Br, Cl, and H
terminations replacing CH3. Our results indicate the presence of an
ionic bond connecting the Zn atom to the organic scaffold, which is
held together by covalent bonds. Control calculations performed on
the building blocks of ZIF-8 indicate that the aforementioned charac-
teristics are quantitatively influenced by the extended nature of the
framework. The presence of halogen substituents, carrying around an
excess of negative charge, leads only to a negligible redistribution of
the charge density. On the other hand, the electronic structures com-
puted for these systems indicate a reduction of about 0.5 eV of the
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band-gap in the Br- and Cl-terminated systems with respect to ZIF-8.

MM 10.28 Mon 18:00 P2
Recent progress in ICET — J. Magnus Rahm, ∙Erik Frans-
son, Pernilla Ekborg-Tanner, Joakim Brorsson, Mattias
Ångqvist, and Paul Erhart — Department of Physics, Chalmers
University of Technology, Gothenburg, Sweden
Alloy cluster expansions (CEs) provide an accurate and computa-
tionally efficient mapping of the potential energy surface of multi-
component systems that enables comprehensive sampling of the many-
dimensional configuration space. In this contribution, we provide an
update regarding recent developments and new features in the inte-
grated cluster expansion toolkit (ICET). We have implemented a ver-
sion of the constituent strain formalism in ICET, which enables treat-
ment of long-ranged strain contributions. This approach is demon-
strated for the Pd-H system in order to study coherent phase tran-
sitions via constrained Monte Carlo simulations. Furtermore, in CEs
of low-dimensional systems, lack of symmetry leads to large numbers
of independent effective cluster interactions (ECIs). We have made it
possible to merge orbits, i.e., reduce the number of independent ECIs
by considering local symmetries and merging parameters that are simi-
lar. This approach enables training of accurate models while requiring
significantly fewer DFT calculations. This approach is employed to
study surface segregation in AuPd and CuPd in environments ranging
from vacuum to high pressures of hydrogen. Finally, we have added a
number of additional features, including Wang-Landau sampling and
extraction of long-range order parameters, and the code has undergone
a thorough review that has resulted in a significant performance boost.

MM 10.29 Mon 18:00 P2
Molecular dynamics simulations of porous silica networks
— ∙Hemangi Patel1, Barbara Milow1,2, and Ameya Rege1 —
1Institut für Werkstoff-Forschung, Abteilung Aerogele und Aerogelver-
bundwerkstoffe, Deutsches Zentrum für Luft- und Raumfahrt e.V.
(DLR), Cologne, Germany — 2Nanostructured Cellular Materials, In-
stitut of Inorganic Chemistry, University of Cologne, Cologne, Ger-
many
Molecular dynamics (MD) simulations offer a significant advantage

over experimental procedures to investigate the nanoporous structure
in silica-based systems because they present a detailed insight into the
atomic-scale phenomena that underlie the formation of the materials*
network. In this work, porous silica networks are modelled using MD
simulations. 𝛼- quartz form of SiO2 is subjected to high temperature
and equilibration followed by quenching to obtain amorphous silica
structure 𝛼- quartz form of SiO2 is subjected to high temperature
and equilibration followed by quenching to obtain amorphous silica
structure. The negative pressure rupturing approach is then used to
obtain a fractal structure. Local minimum energy configuration is
obtained using the conjugate gradient scheme for the formation of a
stable porous network. The structural evolution of the silica backbone
in the network is investigated. This technique is used to obtain porous
networks of varying densities. The resulting model systems are inves-
tigated for their structural and mechanical properties. Uniaxial tensile
and compressive simulations will be presented, and properties such as
their Young’s modulus will be quantified.

MM 10.30 Mon 18:00 P2
Magnetotransport properties of coupled nanowire arrays
in LAO/STO — ∙Ranjani Ramachandran1, Dengyu Yang1,
Muqing Yu1, Aditi Nethwewala1, Patrick Irvin1, Jeremy
Levy1, and Ki-Tae Eom2 — 1University of Pittsburgh, Pittsburgh,
USA — 2University of Wisconsin-Madison, Madison, WI, USA
The ability to create and characterise an array of coupled nanowires
is an important step towards understanding the physics of systems
like stripe phase superconductors, sliding Luttinger liquids, anisotropic
materials made up of quasi-1D chains, etc. Here, we create nanowire
arrays using Ultra Low voltage Electron beam lithography. ULVEBL
has been shown to create conducting nanostructures in the 2D electron
system at the LAO/STO interface. We study the transport properties
of this system at low temperatures and high magnetic fields. We show
that it is possible to reversibly tune the interwire coupling using a back
gate voltage and magnetic field. This can act as a tool to study the
dimensionality cross over from 1D to 2D. This can potentially be ex-
tended further to create more complicated structures using ULV-EBL
that can model the behaviour of other materials and lattice models.

MM 11: Invited Talk Jörg F. Löffler

Time: Tuesday 9:30–10:00 Location: H44

Invited Talk MM 11.1 Tue 9:30 H44
Fast calorimetry: studying phase transitions in slow motion
— ∙Jörg F. Löffler — Laboratory of Metal Physics and Technology,
Department of Materials, ETH Zurich, 8093 Zurich, Switzerland
Studying the details of phase transitions and metastable phase forma-
tion is generally difficult for metallic materials because of their rapid
nucleation and growth kinetics. Bulk metallic glasses (BMGs), on the
other hand, show very sluggish crystallization kinetics. By applying
fast calorimetry to slowly transforming BMG-forming systems at heat-
ing and cooling rates of several 10,000 K/s, we are able to determine
phase transitions more or less in slow motion. In this way, we can
explore novel glass states [1], determine their stochastics of nucleation,
and study metastable phase formation. During heating at low tem-

peratures, BMGs generally form metastable crystals that transform
into more stable modifications at higher temperatures. The classi-
cal interpretation is a direct solid-to-solid transformation, but by fast
calorimetry we can show that this transition occurs via metastable
melting [2]. Furthermore, while with classical calorimetry it is not
possible to sufficiently characterize metastable phases owing to their
structural changes upon slow heating, fast calorimetry allows for de-
tailed measurements of their heat capacity and melting temperatures
[3]. In this way, we are able to verify the existence of monotropic
polymorphism and validate Ostwald’s phase rule for many metastable
phases. [1] J. E. K. Schawe, J. F. Löffler, Nat. Commun. 10, 1337
(2019). [2] S. Pogatscher et al., Nat. Commun. 7, 11113 (2016). [3] J.
E. K. Schawe, J. F. Löffler, Acta Mater. 226, 117630 (2022).
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MM 12: Computational Materials Modelling: Physics of Ensembles 1

Time: Tuesday 10:15–13:00 Location: H44

MM 12.1 Tue 10:15 H44
Pinpointing Hubbard corrections to tackle inhomogenous nl
subshells: The DFT+U(m) method — ∙Eric Macke1, Iurii
Timrov2, Lucio Colombi Ciacchi1, and Nicola Marzari2 —
1Hybrid Materials Interfaces Group and Bremen Center for Computa-
tional Materials Science, MAPEX, University of Bremen, Am Fallturm
1, 28359 Bremen, Germany — 2Theory and Simulation of Materials
(THEOS) and National Centre for Computational Design and Discov-
ery of Novel Materials (MARVEL), Ecole Polytechnique Federale de
Lausanne (EPFL), CH-1015 Lausanne, Switzerland
DFT+𝑈 remains a key tool in computational material science as it mit-
igates the DFT self-interaction error. While this simplistic approach
often provides electronic and magnetic properties in fair agreement
with literature, recent investigations revealed that DFT+𝑈 massively
over-stabilizes high spin configurations of transition metal elements
surrounded by strong ligand fields. In such compounds, the projection
of occupied Kohn-Sham states onto the atomic basis frequently yields
occupation numbers 𝑛𝜎

𝑚 ≈ 0.5 for certain magnetic quantum numbers
𝑚, so that the penalizing Hubbard term 𝐸𝑈 =

∑︀
𝑚,𝜎

𝑈
2
[𝑛𝜎

𝑚(1− 𝑛𝜎
𝑚)]

is maximized. We argue that if the occupation of a magnetic (spin-
) orbital is dominated by the effect of hybridization with a ligand,
Hubbard corrections should not be applied in the same way as for un-
affected orbitals. To account for such inhomogeneous bonding regimes,
we propose a more flexible scheme that enables the use of distinct Hub-
bard parameters 𝑈(𝑚) for the same species, computable by means of
ab initio methods.

MM 12.2 Tue 10:30 H44
Efficient computation of optical properties of large-scale het-
erogeneous systems — ∙Joseph C. A. Prentice1 and Arash A.
Mostofi2 — 1Department of Materials, University of Oxford, UK —
2Departments of Physics and Materials, Imperial College London, UK
The optical properties of large-scale (>1000 atoms) heterogeneous sys-
tems are of interest in several fields, from photovoltaics to biological
systems. Computing such properties accurately from first principles,
however, is challenging; even if only a small region is optically active,
quantum mechanical environmental effects must often be included, and
the cost of applying a quantitatively accurate level of theory is pro-
hibitive. Here, I present recent work demonstrating how such calcula-
tions can be performed efficiently from first principles via two methods:
an extension of the spectral warping method of Ge et al., and a novel
combination of quantum embedding (specifically embedded mean-field
theory) and linear-scaling (time-dependent) density functional theory.
The accuracy and utility of these methods is demonstrated by applying
them to systems including the molecular crystal ROY, chromophores in
solution, and pentacene-doped p-terphenyl. The results pave the way
for quantitatively accurate calculations to be performed on previously
inaccessible large-scale systems.

MM 12.3 Tue 10:45 H44
Converging tetrahedron method calculations for non-
dissipative parts of spectral functions — ∙Minsu Ghim1,2,3 and
Cheol-Hwan Park1,2,3 — 1Center for Correlated Electron Systems,
Institute for Basic Science, Seoul 08826, Korea — 2Department of
Physics and Astronomy, Seoul National University, Seoul 08826, Korea
— 3Center for Theoretical Physics, Seoul National University, Seoul
08826, Korea
Integrations in 𝑘 space are used to calculate many of the physical
quantities in solid-state physics. Examples include various static or
dynamical conductivity, self-energy of an electron, and electric polar-
izability. The integral usually takes the form of a product of proper
matrix elements and 1/[~𝜔 − (𝜖𝑚k − 𝜖𝑛k) + 𝑖𝜂], which is decomposed
into the real part and the imaginary part, P{1/[~𝜔 − (𝜖𝑚k − 𝜖𝑛k)]}
and −𝑖𝜋𝛿[~𝜔 − (𝜖𝑚k − 𝜖𝑛k)], respectively. Here, 𝜔 is the frequency,
𝜖𝑚k and 𝜖𝑛k are the energies of the valence and conduction electronic
bands with Bloch wavevector k, respectively, and 𝜂 = 0+. Although
the delta-function part has been widely calculated by the tetrahedron
method, the non-dissipative principal value integral part has not. Tools
to obtain matrix elements and energy eigenvalues from first principles
have been actively developed, but there are technical difficulties in
the tetrahedron method for the non-dissipative part. In this talk, we
introduce an easy-to-implement, stable method to overcome those ob-

stacles. Furthermore, our method is tested by calculating the spin Hall
conductivity of fcc platinum.

MM 12.4 Tue 11:00 H44
Self-consistency in GWΓ formalism leading to quasiparticle-
quasiparticle couplings — ∙Carlos Mejuto-Zaera1 and Vo-
jtěch Vlček2 — 1Scoula Internazionale Superiore di Studi Avan-
zati SISSA, Trieste, Italy — 2University of California Santa Barbara
UCSB, USA
Many-body perturbation theory (MBPT) has become a tool of choice
for the description of materials. Traditionally tied to the weakly-
interacting limit, e.g. through the GW approximation, its expansion
towards higher interactions is a fundamental goal in the field. Existing
attempts can rely on selected diagram resummation or downfolding,
which involve some choice of expansion parameters typically reduc-
ing the approach’s generality and flexibility. Despite this apparently
intrinsic price, MBPT provides through Hedin’s equations a formally
exact path to describe any dynamically correlated system, regardless
of interaction strength. We revisit this framework to disentangle how
to systematically extend its practical validity beyond weak interac-
tions, focusing on the structure of the interaction vertex Γ within
self-consistent implementations. Using the Hubbard dimer at half-
filling, we unveil the role of Γ’s functional derivative with respect to the
Green’s function, hitherto typically neglected, in generating diagrams
that can extend the reliability of MBPT towards high interactions [1].

[1] arXiv:2203.05029

MM 12.5 Tue 11:15 H44
Automated Corrections for Materials Design of Ionic Sys-
tems: AFLOW-CCE — ∙Rico Friedrich1,2, Marco Esters1,
Corey Oses1, Stuart Ki1, Maxwell J. Brenner1, David Hicks1,
Michael J. Mehl1, Cormac Toher1, and Stefano Curtarolo1,3

— 1Center for Autonomous Materials Design, Duke University, USA
— 2Helmholtz-Zentrum Dresden-Rossendorf, Dresden — 3Materials
Science, Electrical Engineering, and Physics, Duke University, USA
Materials databases such as AFLOW [1] leverage ab initio calcula-
tions for autonomous materials design. The predictive power critically
relies on accurate formation enthalpies — quantifying the thermody-
namic stability of a system. For ionic materials such as oxides and
nitrides, standard DFT leads to errors of several hundred 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 [4] — our implementation of CCE into the
AFLOW framework. It provides a tool where users can input a struc-
ture file and receive the CCE corrections, or even the CCE formation
enthalpies if pre-calculated LDA, PBE or SCAN values are provided.
The implementation features a command line tool, a web interface,
and a Python environment.

[1] S. Curtarolo et al., Comput. Mater. Sci. 58, 218 (2012).
[2] V. Stevanović et al., Phys. Rev. B 85, 115104 (2012).
[3] R. Friedrich et al., npj Comput. Mater. 5, 59 (2019).
[4] R. Friedrich et al., Phys. Rev. Mater. 5, 043803 (2021).

15 min. break

MM 12.6 Tue 11:45 H44
Revealing the ambient and high-pressure phases of group IV
monochalcogenides and monoxides with an evolutionary algo-
rithm — ∙long nguyen and guy makov — Department of Materials
Engineering, Ben-Gurion University of the Negev, Beer-Sheva, Israel
Group IV chalcogenides and oxides are candidates for incorporation
into optoelectronic and thermoelectric conversion devices. These func-
tional materials are mostly p-type semiconductors that provide low-
cost, environmentally friendly, abundant, and high-efficiency. To ex-
pand the possible phases and study their stability upon compression,
a combination of DFT modelling with evolutionary algorithm (EA)
is applied to extensively investigate across the group IV monochalco-
genides and oxides. We will report our results from the implementa-
tion of the EA to search for stable phases. In group IV monoxides, our
results include multiple structural transitions of SnO and PbO upon
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compression. Two new high-pressure polymorphs are predicted, the
orthorhombic Pbcm SnO and the octahedral monoclinic C2/m PbO.
Weakening of the lone pairs and elastic instability are the main drivers
for the structural transitions. Among the monochalcogenides, SnS and
GeS phase families are examined together with their electronic and
optical properties. At ambient conditions, GeS and SnS can present
several polymorphs with bandgaps in the range from 0.3 to 1.6 eV,
which can be attractive for a variety of optoelectronics applications.
Upon compression, we found a similar convergence of SnS and GeS into
the Cmcm and later the Pm3m phase. The transition mechanism is
discussed through the lone pairs’ influence on the structural distortion.

MM 12.7 Tue 12:00 H44
An Open-source Interface to MP2 and Coupled-Cluster
Methods for Solids for Localized Basis Set Codes — ∙Evgeny
Moerman1, Felix Hummel2, Andreas Irmler2, Andreas Grün-
eis2, and Matthias Scheffler1 — 1The NOMAD Laboratory at the
FHI-MPG, Berlin — 2Inst. for Th. Phys., TU Wien, Vienna
Coupled cluster (CC) theory is often considered the gold standard
of quantum-chemistry. For solids, however, the available software is
scarce ([1] and references therein). We present CC-aims[2], which can
interface ab initio codes with localized atomic orbitals and the CC for
solids (CC4S) code by the group of A. Grüneis. CC4S features a con-
tinuously growing selection of wave function-based methods including
perturbation and CC theory. The CC-aims interface was developed
for the FHI-aims code[2] but is implemented such that other codes
may use it as a starting point for corresponding interfaces. As CC4S
offers treatment of both molecular and periodic systems, the CC-aims
interface is a valuable tool, where DFT is either too inaccurate or too
unreliable, in theoretical chemistry and materials science alike. In this
talk we describe the CC-aims interface, the CC4S code, and demon-
strate the application of CC and MP2 by investigating the relative
stability of boron nitride phases. - This work received support from
the European Union’s Horizon 2020 research and innovation program
under Grant Agreement No. 951786 (The NOMAD CoE).
[1] Q. Sun et al., J. Chem. Phys. 153:024109 (2020)
[2] E. Moerman et al. to be published, J. Open Source Software
[3] The FHI-aims web page: https://fhi-aims.org

MM 12.8 Tue 12:15 H44
Wannier function perturbation theory: localized representa-
tion and interpolation of wavefunction perturbation — ∙Jae-
Mo Lihm and Cheol-Hwan Park — Department of Physics, Seoul
National University, Seoul, Korea
Wannier functions provide a localized representation of the electronic
structure of solids and are thus finds wide application in condensed
matter physics. However, the Wanneier function method is limited in
that it cannot be used to represent the change of the wavefunctions due
to perturbations. In this work, we introduce Wannier function pertur-
bation theory (WFPT) [1], which overcomes this limitation by provid-
ing a localized representation of wavefunction perturbation which we
term “Wannier function perturbation.” Among the diverse possible ap-
plications of WFPT, we provide three examples. First, we calculate the
temperature dependence of the indirect optical absorption spectra of
silicon. Our calculation differentiates phonon-absorption and phonone-
mission processes and includes the band-gap renormalization without
arbitrary temperature-dependent shifts in energy at the same time,

which is beyond reach of existing methods. Second, we develop a the-
ory for calculating the shift spin current without any band-truncation
error and apply it to monolayer WTe2. Third, we apply WFPT to cal-
culate the spin Hall conductivity of the same material, again without
any band-truncation error. WFPT will open up a new way for studying
the response properties of the electron states in real materials.

[1] J.-M. Lihm and C.-H. Park, Phys. Rev. X, 11, 041053 (2021)

MM 12.9 Tue 12:30 H44
Boosting first-principles molecular dynamics with orbital-
free density functional theory — ∙Lenz Fiedler1, Zhan-
dos A. Moldabekov1, Xuecheng Shao2, Kaili Jiang2, To-
bias Dornheim1, Michele Pavanello2, and Attila Cangi1 —
1Helmholtz-Zentrum Dresden-Rossendorf / CASUS — 2Rutgers Uni-
versity Newark
Kohn-Sham density functional theory (KS-DFT) is one of the most im-
portant simulation methods in materials science and quantum chem-
istry. Yet, standard DFT codes exhibit scaling behaviors in terms of
system size and temperature that prohibit extended dynamical investi-
gations of materials using DFT driven molecular dynamics simulations
(MD), especially towards the warm dense matter regime (WDM). We
present a practical hybrid approach that combines orbital-free density
functional theory (DFT) with Kohn-Sham DFT for speeding up first-
principles molecular dynamics simulations. Equilibrated atomic con-
figurations are generated using orbital-free DFT for subsequent Kohn-
Sham DFT molecular dynamics. This leads to a massive reduction
of the simulation time without any sacrifice in accuracy. We show re-
sults across systems of different sizes and temperature, up to the warm
dense matter regime. To that end, we use the cosine distance between
the time series of radial distribution functions representing the ionic
configurations. Likewise, we show that the equilibrated ionic configu-
rations from this hybrid approach significantly enhance the accuracy
of machine-learning models that replace Kohn-Sham DFT.

MM 12.10 Tue 12:45 H44
First-principles calculations of plasma frequency in an all-
electron full-potential framework — ∙Maria K. Pogodaeva,
Sergey V. Levchenko, and Vladimir P. Drachev — Moscow,
Russia
We present a first-principles methodology to calculate plasma fre-
quency of using density-functional theory in an all-electron full-
potential framework implemented in FHI-aims. The results are com-
pared to the results obtained with pseudopotential approaches and ex-
perimental data from photo-emission, absorption, and electron energy
loss spectra. We test the approach on seven elemental metals: gold, sil-
ver, sodium, copper, palladium, platinum, and aluminum. Our results
reproduce experimental values for plasma frequency within 0.1-0.3 eV
accuracy compared to experiment for all metals except sodium. Calcu-
lated plasma frequency for sodium is consistently overestimated by 0.5
eV by VASP and FHI-aims. For other metals except gold FHI-aims
and VASP are in a perfect agreement with each other and with ex-
periment. For gold VASP underestimates plasma frequency by 0.6 eV
compared to experiment, but FHI-aims calculates the value within 0.2
eV. Overall, the agreement between the two codes and the experiment
is good. This validates our all-electron implementation and allows for
further applications of the methodology to more complex systems

MM 13: Non-equilibrium Phenomena in Materials Induced by Electrical and Magnetic Fields 3

Time: Tuesday 10:15–13:00 Location: H45

Topical Talk MM 13.1 Tue 10:15 H45
Supercompatibility in ceramic micropillars of lanthanum nio-
bate — ∙Olivia A. Graeve and Hamed Hosseini-Toudeshki —
University of California San Diego, La Jolla, CA, USA
Superelastic materials represent a distinct family of compounds with
the ability to manifest reversible deformation in response to an ap-
plied stress. Generally, superelastic materials are metallic in nature,
and only very few ceramics have been shown to fully or partially dis-
play this response. Here, we describe exceptional superelasticity and
enhanced reversibility on micropillars of LaNbO4 ceramic in response
to compressive stresses up to 1100 MPa without fracture. The mi-
cropillars were prepared by focused ion beam machining from speci-

mens consolidated by spark plasma sintering. The material response to
stress is consistent with the theory of supercompatibility (cofactor the-
ory) that has been reported to address the enhanced reversibility and
low-hysteresis behavior (i.e., improved superelasticity) of certain shape
memory metallic alloys. This makes LaNbO4 a unique addition to the
germane family of smart materials for applications as long-lived actu-
ators impacting the automotive, energy and aerospace sectors, among
many other technologically significant fields, especially in extreme con-
ditions (i.e., higher temperatures or pressures) under which ceramics
excel compared to metals.

Topical Talk MM 13.2 Tue 10:45 H45
X-Ray Spectro(micro)scopy as analytics for field assisted de-
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position processes — ∙David N. Mueller — Peter Grünberg In-
stitut, Forschungszentrum Jülich
X-Ray absorption spectroscopy (XAS) is element specific, sensitive to
the electronic structure around the Fermi level, and provides informa-
tion about the short-range order in a material, and can be tuned to be
surface sensitive. It therefore represents a versatile tool to assess the
impact of external fields during synthesis of functional materials on the
structure property relations required for optimizing functionalization.
Providing spatial resolution on the sub micrometer scale with X-Ray
photoemission electron microscopy (XPEEM) additionally allows iden-
tification of phase inhomogeneities and their peculiarities with respect
to chemistry and structure.

In this presentation, we will use 3d transition metal based oxides of
varying complexity to showcase how XAS and XPEEM can give valu-
able insights into the atomic and electronic structure and how those
can be improved towards use in e. g. catalysis by using external
fields during synthesis. It will furthermore be discussed how numeri-
cal methods such as principal component analysis can help analyzing
spectromicroscopic data to unambiguously identify subtle lateral in-
homogeneities in the spectroscopic signatures, providing information
about phase formation and decomposition processes.

MM 13.3 Tue 11:15 H45
Magnetic Field-assisted Chemical Vapor Deposition of
MgFe2O4 Films for Photoelectrochemical Water Splitting —
Hyenkwon Lee1, ∙Ziyaad Talha Aytuna1, Aman Bhadrwaj1,
Michael Wilhelm1, Khan Le1, Benjamin May2, David Müller2,
and Sanjay Mathur1 — 1Greinstraße 6, 50939 Köln — 2Wilhelm-
Johnen-Straße, 52438 Jülich
Single-phase magnesium ferrite films (MgFe2O4) were grown by mag-
netic field-assisted chemical vapor deposition (CVD) of mixed-metal
precursor [MgFe2(OtBu)8] as a function of the applied field strength
(B = 0.0, 0.5 and 1.0 T). The formation of monophase MgFe2O4
deposits was confirmed by X-ray diffraction and photoelectron spec-
troscopy. The cross-sectional analysis (FIB-SEM) of the film revealed
an increased densification and crystal growth, upon application of the
magnetic field when compared to zero-field deposition. The MgFe2O4
films deposited under zero-field and field-assisted conditions were used
as electrodes in a photoelectrochemical (PEC) water-splitting reaction.
All the three samples showed a stable performance and photocurrent
values, however, the photocurrent was found to gradually decrease
with increasing applied magnetic field (0 T: 5.74 𝜇A/cm2, 0.5 T 2.33
𝜇A/cm2, and 1 T: 1.33 𝜇A/cm2 at 1.23 V (vs. RHE)), which is pos-
sibly due to change in absorption properties and crystal orientation,
decreasing photo absorption intensity provided by the UV-vis results
and the latter being evident in the disappearance of (220) peak in
MgFe2O4 films grown under the influence of the external magnetic
field.

15 min. break

MM 13.4 Tue 11:45 H45
PECVD carbon-coated electrospun vanadium pentoxide
nanofibers as cathode material for photoresponsive batter-
ies — ∙Michael Wilhelm, Ruth Adam, Aman Bhardwaj, and
Sanjay Mathur — University of Cologne, Cologne, Germany
Harvesting and converting sunlight as the most sustainable energy
source on earth is still challenging. Photo-rechargeable batteries repre-
sent a synergistic concept that integrates both energy harvesting and
energy storage modalities based on dual-functional materials. Vana-
dium pentoxide nanofibers (VNF) as photoresponsive material was
synthesized by electric field-assisted spinning technique and used as
dual-action cathode material for photo-rechargeable lithium-ion bat-
teries. A high discharge capacity was delivered, which could be in-
creased under light illumination confirming the photoresponsive be-
havior. To minimize side reactions and to increase the stability of the
electrodes, the VNF were carbon-coated by plasma-enhanced chemi-
cal vapor deposition (PECVD). Long-term stability tests showed that
besides being a conductive shell, the carbon coating is also essential in
retaining the structural instability of VNF. Higher capacity retention
upon cycling compared to the non-carbon-coated VNF (after 300 cy-
cles: 43.85 % capacity retention VNF and 61.13 % capacity retention
for carbon-coated VNF). Further, the rechargeability of the material
by light was demonstrated by illuminating with a UV lamp and after-

ward discharging the electrode material in the dark which delivered a
photoconversion efficiency of 4.24 % for VNF and 5.07 % for carbon-
coated VNF.

MM 13.5 Tue 12:00 H45
Structure and Morphology Engineering of Hexagonal Boron
Nitride (h-BN) using Magnetic Field assisted CVD — ∙Anja
Sutorius, Michael Wilhelm, Khan Lê, Ziyaad Aytuna, and San-
jay Mathur — University of Cologne, Cologne, Germany
The aim for two dimensional materials namely graphene, MoS2 and
borophene has become a high interest due to their amazing properties
(e.g. conductivity, flexibility, dimensionality) and demand for inno-
vative electronic device applications. The large band gap material
h-BN catches the attention of latest research due to its non-toxicity,
environmentally friendly and chemical stability as well as its dielec-
tric properties. The commonly preparation of h-BN often requires a
gas phase deposition on catalytic metals at very high temperatures
and is despite intense research very challenging. A new opportunity
is provided using an external magnetic field during synthesis. Precur-
sor molecules like amino borane (NH3BH3) or dimethyl amino borane
(CH3)2NBH2 and h-BN itself exhibit a charge distribution and thus
can be influenced by an applied field. Here, we would like to report
about the thin film formation of h-BN with and without an external
magnetic field on a variety of substrates ranging from catalytic metal
substrates to non-catalytic dielectric silicon substrates. Results from
infrared and x-ray photoelectron spectroscopy, as well as transmission
and scanning microscopy.

MM 13.6 Tue 12:15 H45
Nanocrystalline CoCrFeNiGax (x = 0.5, 1.0) high entropy al-
loys: structural and magnetic features — ∙Natalia Shkodich,
Marina Spasova, and Michael Farle — Faculty of Physics and
Center of Nanointegration (CENIDE), University of Duisburg-Essen,
Duisburg, 47057 Germany
Nanocrystalline single fcc phase CoCrFeNiGax (x = 0.5, 1.0) high en-
tropy alloy (HEA) powder particles with good structural and com-
positional homogeneity were successfully fabricated by high energy
ball milling (HEBM). Characterization by XRD, SEM/EDX, and
TEM/EDX shows that the fcc phase with the refined microstructure of
nanosized grains (~10 nm) could be obtained after 190 min of HEBM at
900 rpm. We used HEBM powders to fabricate homogeneous nanocrys-
talline bulk HEAs by spark plasma sintering (SPS). SPS at 1073 K of
the CoCrFeNiGa0.5 HEA powder increases the crystallinity of the fcc
phase, while for the equiatomic CoCrFeNiGa powder a partial transfor-
mation of the fcc into the bcc phase is observed. The nanocrystalline
HEA CoCrFeNiGax (x = 0.5, 1.0) powders show a paramagnetic be-
havior at room temperature and a Curie temperature (Tc) is of 127K-
130K. After SPS, the CoCrFeNiGa bulk material is ferromagnetic up
to Tc =775K. Its saturation magnetization Ms (300K) increases by a
factor of 10 as compared to the HEA powder. The SPS of the CoCr-
FeNiGa0.5 HEA powder, however, does not change its paramagnetic
nature at ambient temperature. This work has been supported by
the Deutsche Forschungsgemeinschaft (DFG) within CRC/TRR 270,
project S01 (project ID 405553726).

Topical Talk MM 13.7 Tue 12:30 H45
Field-assisted processing of magnetic materials — ∙Fernando
Maccari and Oliver Gutfleisch — Technical University of Darm-
stadt, 64287 Darmstadt, Germany
Optimization of materials requires a precise control of processing pa-
rameters to achieve a desired combination of phases and microstruc-
tural features. The application of an external fields during synthesis,
going beyond the classical use of only temperature and time, can be
used as additional degree of freedom to promote densification, solid
state phase transformation, intermetallic compounds and precipitates
formation. This combination opens new possibilities to obtain highly
tailored microstructures and improved properties.

Focusing on magnetic materials, this talk will provide an overview on
how different length scales can be manipulated using external magnetic
and electric field assisted processing techniques to create materials with
enhanced functional properties. Aspects related to induced magnetic
anisotropy and phase formation in soft and hard magnetic materials
will be covered. Additionally, field driven coupled magnetic and phase
transition is going to be addressed and exemplified in ferromagnetic
shape memory Ni-Mn-Ga Heusler compound.
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MM 14: Materials for Storage and Conversion of Energy (joint session MM/KFM)

Time: Tuesday 10:15–11:30 Location: H46

MM 14.1 Tue 10:15 H46
How Important are Long-Range Electrostatics in Machine-
Learning Potentials for Battery Materials? — ∙Carsten
Staacke1, Hendrik Heenen1, Christoph Scheurer1, Gabor
Csanyi2, Karsten Reuter1, and Johannes Margraf1 — 1Fritz
Haber Institut, Berlin, Germany — 2Engineering Department, Cam-
bridge University, UK
All-solid-state Li-ion batteries promise gains in safety and durabil-
ity by combining high Li-ion conductivity and mechanical ductility.
In this respect, solid-state electrolytes (SSE) such as the Li7P3S11

glass-ceramic have gained much attention. Modern machine learning
(ML) potentials are increasingly being adopted as a tool for model-
ing SSEs at the atomistic level. However, the local nature of these
ML potentials typically means that long-range contributions arising,
e.g., from electrostatic interactions are neglected. To this end, we
have combined short-ranged machine-learning potentials based on the
Gaussian Approximation Potential (GAP) approach with a classical
electrostatic model in the long-range (ES-GAP). We will present a
first-principles validation of both, the pure GAP potential and the
new ES-GAP for the LPS SSE. In particular, the role of Coulomb
interactions in isotropic vs. non-isotropic system simulations will be
evaluated. In standard isotropic simulation tasks, such as determining
ionic conductivities, both GAP and ES-GAP yield similar results. In
contrast, simulations on non-isotropic systems show the importance of
ES contributions and provide new insights into interface stability of
Li7P3S11.

MM 14.2 Tue 10:30 H46
Oxygen Hole Formation Controls Stability in LiNiO2 Cath-
odes: DFT Studies of Oxygen Loss and Singlet Oxy-
gen Formation in Li-Ion Batteries — ∙Annalena Genreith-
Schriever1,3, Hrishit Banerjee1,2,3, Clare P. Grey1,3, and An-
drew J. Morris2,3 — 1Yusuf Hamied Department of Chemistry, Uni-
versity of Cambridge, Cambridge, United Kingdom — 2School of Met-
allurgy and Materials, University of Birmingham, Birmingham, United
Kingdom — 3The Faraday Institution, Harwell Science and Innovation
Campus, Didcot, United Kingdom
Ni-rich cathode materials achieve both high voltages and capacities in
Li-ion batteries but are prone to structural instabilities and oxygen
loss via the formation of singlet oxygen. Using ab initio molecular
dynamics simulations, we observe spontaneous O2 loss from the (012)
surface of delithiated LiNiO2, singlet oxygen forming in the process.
We find that the origin of the instability lies in the pronounced oxida-
tion of O during delithiation, i.e., O plays a central role in Ni-O redox
in LiNiO2, as analysed with density-functional theory and dynamical
mean-field theory calculations based on maximally localised Wannier
functions. The O2 loss route observed here consists of 2 surface O.−

radicals combining to form a peroxide ion, which is oxidised to O2,
leaving behind 2 O vacancies and 2 O2− ions: effectively 4 O.− radi-
cals disproportionate to O2 and 2 O2− ions. Singlet oxygen formation
is caused by the singlet ground state of the peroxide ion, with spin
conservation dictating the preferential release of 1O2.

MM 14.3 Tue 10:45 H46
Defects and Phase Formation in Non-Stoichiometric LaFeO3:
A Combined Theoretical and Experimental Study —
∙Daniel Mutter1, Roland Schierholz2, Daniel Urban1, Sab-
rina Heuer2,3, Thorsten Ohlerth2,3, Hans Kungl2, Chris-
tian Elsässer1,4, and Rüdiger-A. Eichel2,3 — 1Fraunhofer IWM,
Freiburg — 2Forschungszentrum Jülich, IEK-9 — 3RWTH Aachen,
Institute of Physical Chemistry — 4FMF, Universität Freiburg
Defect engineering of perovskite compounds has become increasingly
popular as it offers the possibility to influence their catalytic properties
for applications in energy storage and conversion devices such as solid-
oxide fuel- and electrolyser cells. We present results of a combined
theoretical and experimental study exploring the feasibility for an ac-

tive manipulation of the La stoichiometry, and thereby the valence
state of Fe, in LaFeO3, which can be regarded as a base compound of
the family of catalytically active La1−𝑥A𝑥Fe1−𝑦B𝑦O3−𝛿 compounds.
Concentrations of point defects are presened, derived from formation
energies which were calculated by first-principles DFT+U calculations
as a function of experimental processing conditions, resulting in pre-
dictions of achievable stoichiometry ranges. In the experimental part,
LFO was synthesized with a targeted La-site deficiency, and we an-
alyzed the phases in detail by X-ray diffraction and various electron
microscopy methods (STEM, EDS, EELS). Instead of a variation of the
La/Fe ratio, a mixture of two phases, Fe2O3/LaFeO3, was observed,
resulting in an invariant charge state of Fe, which is in line with the
theoretical results.

MM 14.4 Tue 11:00 H46
Can we improve thermoelectric properties by microstructural
manipulations? — ∙Leonie Gomell1, Tobias Haeger2, Moritz
Roscher1, Hanna Bishara1, Ralf Heiderhoff2, Thomas Riedl2,
Christina Scheu1, and Baptiste Gault1 — 1Max-Planck-Insitut
für Eisenforschung GmbH, Düsseldorf, Deutschland — 2Institute of
Electronic Devices, University of Wuppertal, Deutschland
Thermoelectric (TE) materials convert (waste) heat into electrical en-
ergy. Several material properties determine TE performance, with the
influence of microstructure being the least understood. However, the
microstructure plays a crucial role in the performance of TE materials.

We present microstructural investigations of Fe2VAl, synthesized via
laser surface remelting. Scanning electron microscopy and atom probe
tomography were used to bridge the scale from nanometer to microm-
eter. The local electrical resistivity was analyzed by an in-situ four-
probe technique and the thermal conductivity by scanning thermal
microscopy.

We observed a high dislocation density in the order of 1013 m−2 and
small grains separated by low-angle grain boundaries. Segregation of
V and N was found at grain boundaries and dislocations, observed by
atom probe tomography. These defects scatter electrons and phonons,
influencing their transport within the material.

We conclude that by manipulating the microstructure, we were able
to improve the properties of Fe2VAl. The combination of detailed mi-
crostructural analysis and local measurement of properties offers the
possibility of understanding the microstructure-property relationship.

MM 14.5 Tue 11:15 H46
Enhanced efficiency of graphene-silicon Schottky junction
solar cell through inverted pyramid arrays texturation —
∙Jiajia Qiu1,2, Huaping Zhao1, Wenhui Ma2, and Yong Lei1

— 1Fachgebiet Angewandte Nanophysik, Institut für Physik & IMN
MacroNano, Technische Universität Ilmenau, 98693 Ilmenau, Germany
— 2State Key Laboratory of Complex Nonferrous Metal Resources
Clean Utilization, Kunming University of Science and Technology,
Kunming 650093, China
Recently, a growing interest of incorporating graphene (Gr) with sil-
icon (Si) to develop Gr-Si Schottky junction solar cells is considered
as a potential low-cost alternative to the conventional p-n junction sil-
icon solar cells. In this work, silicon nanowries (SiNWs) and silicon
inverted pyramid arrays (SiIPs) were introduced on surface of Gr-Si
solar cell through silver and copper-catalyzed chemical etching, re-
spectively. The effects of SiNWs and SiIPs on carrier lifetime, optical
properties and efficiency of Gr-SiNWs/SiIPs solar cell were systemat-
ically analyzed. The results show that the inverted pyramid arrays
have ability of balance of antireflectance and surface area simultane-
ously. Compared to the Gr-SiNWs solar cells, power conversion effi-
ciency (PEC) and carrier lifetime of Gr-SiIPs devices increase by 62%
and 34%, respectively. Finally, the Gr-SiIPs cell with efficiency of
5.63% was successfully achieved through doping nitric acid. This work
proposes a new strategy to introduce the inverted pyramid arrays for
improving the performance of Gr-Si solar cells.
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MM 15: Hydrogen in Materials: Hydrogen Effects

Time: Tuesday 11:45–13:00 Location: H46

MM 15.1 Tue 11:45 H46
Atomistic study of hydrogen behavior in bcc and fcc Fe
in presence of crystal defects — ∙Daria Smirnova1, Sergei
Starikov2, Tapaswani Pradhan2, Ralf Drautz2, and Matous
Mrovec2 — 1Max-Planck-Institut für Eisenforschung GmbH, Düssel-
dorf, Germany — 2Ruhr University Bochum, ICAMS, Bochum, Ger-
many
We apply atomistic simulations to consider hydrogen behavior in Fe
in presence of the given lattice distortions, namely, crystal defects or
lattice expansion/compression due to applied stresses. Simulations
are based on a new interatomic potential developed by the authors of
current work. Firstly, we consider segregation of hydrogen on typi-
cal defects of different complexity: from vacancies to grain boundaries
(GBs). Estimated segregation energies obtained for different types
of GBs generally agree with the existing DFT data. Moreover, per-
formed classical atomistic simulations give information on several types
of GBs, which, due to their complex structure and considerable model
size, are inaccessible for ab initio modeling. High-temperature simula-
tions of H diffusion in the presence of GBs also show that for bcc Fe
hydrogen diffusion coefficient in the GB is much lower than in bulk.
The same type of study is carried out for fcc Fe. Also, we discuss vari-
ations in zero-temperature hydrogen migration barriers in bulk bcc Fe
with applied stress and compare them with the results of the finite-
temperature H diffusion simulations. We see that while the variations
in the lattice parameter change hydrogen migration barrier, they give
no significant impact on the finite-temperature hydrogen diffusion.

MM 15.2 Tue 12:00 H46
Interplay of hydrogen with defects in Al alloys — ∙Poulami
Chakraborty1, Huan Zhao1, Baptiste Gault1,2, Tilmann
Hickel1,3, and Jörg Neugebauer1 — 1Max-Planck-Institut für
Eisenforschung, Düsseldorf, Germany — 2Department of Materials,
Royal School of Mines, Imperial College London, United Kingdom —
3BAM Federal Institute for Materials Research and Testing, Berlin,
Germany
Al alloys are used as major structural material in the aviation and
more recently, automobile industries. This demands detail research
of microstructural defects generated while usage. We have performed
density functional theory calculations to study the competition of mi-
crostructural features including grain boundaries and second phase
particles. The results reveal second phases as better trapping sites
since H has a higher solubility compared to the GBs. However, it is
seen that certain solutes such as Mg enhances the chance of HE at
the forming surface during crack initiation. This is further supported
by experimental data where a high strength 7xxx Al alloy is charged
by deuterium using atom probe tomography (APT). Subsequently, we
have extended our study to several other alloying elements such as Sc,
Sn and Zr, at the GB which are inevitably present as impurities in
technical alloys. Interestingly, it is seen that Sn strongly binds with
H at the GB without increasing the embrittling tendency. Based on
these insights, effective alloying strategies can be developed to improve
the resistance to hydrogen embrittlement.

MM 15.3 Tue 12:15 H46
Impact of H on Fe and Cr diffusion in pure Fe and FeCr alloy
— ∙Olga Lukianova1, Anton Chyrkin2, Vladislav Kulitckii1,
Jan Froitzheim2, Sergei Starikov3, Gerhard Wilde1, Ralf
Drautz3, and Sergiy Divinski1 — 1Institute of Materials Physics,
University of Münster, Münster, Germany — 2Chalmers University
of Technology, Department of Chemistry and Chemical Engineering,
Division of Energy and Materials, Gothenburg, Sweden — 3ICAMS,

Ruhr-Universität Bochum, Bochum, Germany
The impact of hydrogen on the tracer diffusion of the Fe and Cr in
pure iron and Fe-18wt.%Cr alloy was measured at 873 K. The anneal-
ing treatments were performed in purified argon (H-free) and Ar+H2
atmospheres. Volume diffusion of Cr was found not to be affected by
the presence of H in both alpha-Fe and the FeCr alloy whereas volume
diffusion of Fe was enhanced by an order of magnitude. On the con-
trary, grain boundary diffusion of Cr in the FeCr alloy was retarded,
while it was not affected by hydrogen in pure iron. Grain boundary
diffusion of Fe remains practically unchanged in both materials. The
tracer data are compared with the predictions from atomistic simula-
tions.

MM 15.4 Tue 12:30 H46
Correlation of hydrogen diffusion behavior and in situ mi-
cromechanics during hydrogen charging of bcc Fe-Cr alloys —
∙Maria Jazmin Duarte Correa, Jing Rao, and Gerhard Dehm
— Max-Planck-Institut für Eisenforschung, Düsseldorf, Germany
Hydrogen (H) is a strong candidate as energy carrier but it might
cause material degradation through hydrogen embrittlement. Individ-
ual hydrogen-microstructure interactions, can be studied by targeting
analyses at the nano-/microscale during H exposure. We will present
our novel *back-side* electrochemical H charging approach for nanoin-
dentation related techniques. Hydrogen diffusion from the charged
back-side towards the testing (front) surface is quantified by Kelvin
probe permeation tests and unwanted corrosion is avoided. Our unique
method allows differentiating between the effects of trapped and mobile
H, and performing well controlled measurements with different H lev-
els monitored over time to consider H absorption, diffusion and release
through the metal. These aspects will be presented by nanoindentation
and micropillar compression tests during H charging of Fe-Cr alloys (8-
20 wt.%Cr). An enhanced dislocation nucleation is shown consistent
with the defactant theory, and a hardening effect while increasing the
Cr content and the H entry. The mechanical data is finally analyzed
in terms of the diffusion behavior and used to develop a nanohardness-
based H diffusion coefficient approach.

MM 15.5 Tue 12:45 H46
Role of hydrogen on the relative stability of the phases in
steels — ∙Ali Tehranchi, Tilmann Hickel, and Jörg Neuge-
bauer — Max Planck institute for Iron research, Max Planck Straße
1, 40237 Düsseldorf
Hydrogen embrittlement (HE) is a persistent mode of failure in high-
strength steels. During the service life of these steels phase transfor-
mations occur and are a key element that determines their response to
the service loads. Thus the investigation of the role of H atoms in the
relative stability of the phases present and forming in steels is of great
interest. In this work, we studied the role of H on the relative stability
of the fcc/bcc/hcp phases using the ab initio thermodynamics. The
results indicate that at low hydrogen chemical potentials the stabil-
ity of the fcc phase, which can be representative of retained austenite
(RA) in steels, is slightly enhanced by the presence of H atoms. In
contrast, at high hydrogen chemical potentials the bcc phase is stabi-
lized by H. Moreover, since the excess volume of the hydrogen-rich bcc
phase is significantly larger than that of the fcc phase, the presence of
a stress field can change the relative stability of these phases in the
coexistence regions of the phase diagram. This feature is particularly
important for cyclic loading conditions: during loading cycles forward
and reverse phase transformations occur and the H released by these
transformations can damage the material.
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MM 16: Mechanical Properties

Time: Tuesday 14:00–15:00 Location: H44

MM 16.1 Tue 14:00 H44
co-electrodeposition of compositionally complex co-cr-fe-mo-
ni alloy thin films — ∙hongshuai li, martin peterlechner, and
gerhard wilde — Institute of Materials Physics, University of Mün-
ster, Wilhelm-Klemm-Str. 10, 48149 Münster, Germany
Co-Cr-Fe-Mo-Ni, a compositionally complex alloy with a face-centered
cubic structure, was successfully obtained by electrochemical deposi-
tion. To achieve a smooth morphology, an aqueous electrolyte with
several additives was used as the solution for electrodeposition. Since
the characterization of the sample requires a certain thickness, the
electrodeposition time was set to 10 min. Characterization of the
film deposited under a constant current density reveals the deposit is
metallic with a face-centered cubic structure. The adhesion properties
as well as the effective mechanical performance have also been tested
by nano-scratch experiments, indicating a microscopically ductile be-
havior. The electrolytes developed in this study may be a promising
approach for the electrodeposition of Co-Cr-Fe-Mo-Ni medium entropy
alloys.

MM 16.2 Tue 14:15 H44
orientation dependence of the deformation mechanisms of
cocrfeni high entropy alloys — ∙haihong jiang, martin peter-
lechner, and gerhard wilde — Westfälische Wilhelms-Universität
Münster, Institut für Materialphysik, Wilhelm-Klemm-Str. 10, D-
48149 Münster, Germany
The mechanical behavior of CoCrFeNi high entropy alloys in different
deformation states have been analyzed by nanoindentation. Micro-
hardness and Young’s modulus values were determined at high accu-
racy as a function of the specified crystallographic orientations, which
were measured by electron backscatter diffraction (EBSD). Modulus
and Poisson’s ratio values of polycrystalline CoCrFeNi were calculated
from experimentally determined ultrasonic velocities for comparison.
This approach allows for in-depth analysis and comparison of the me-
chanical properties as function of the local orientations of the crystal
lattice in dependence of the thermo-mechanical history.

MM 16.3 Tue 14:30 H44
Influence of crack tip radius on fracture toughness: an
atomistic study — ∙Tarakeshwar Lakshmipathy1 and Erik
Bitzek1,2 — 1Department of Materials Science and Engineering, In-

stitute I, Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU),
Germany — 2Department Computational Materials Design, Max-
Planck-Institut für Eisenforschung, Germany
In fracture mechanics, initial cracks are typically assumed to be in-
finitely sharp, leading to a singularity in the crack tip stress field.
However, on the atomic scale, crack tips have a radius of at least one
atomic distance, which removes the singularity and leads to high, but
finite stresses directly at the crack tip. Furthermore, cracks may blunt
due to various reasons which leads to an increase in the macroscopic
stress to reinitiate a sharp crack. Using harmonic ”snapping spring”
nearest-neighbor potentials which provide the closest match to linear
elastic fracture mechanics (LEFM) on a discrete lattice, we show that
the LEFM model for sharp cracks is insufficient to describe the bound-
ary value problem (BVP) of blunted cracks at the atomic scale. We
also show that the LEFM-based equations for blunted cracks are insuf-
ficient to describe the stress distribution ahead of atomically blunted
cracks. We develop a semi-empirical scaling relation for blunted cracks
using the LEFM-based equations for elliptical cracks by introducing a
factor to account for the deviations. Furthermore, we identify a lower
bound for the maximum crack tip radius at which this factor stops
playing a role and a scaling model from the unmodified LEFM-based
equations for elliptical cracks can be used.

MM 16.4 Tue 14:45 H44
Interplay of Cottrell atmosphere formation and carbon or-
dering in ferrite — ∙Sam Waseda, Tilmann Hickel, and Jörg
Neugebauer — Max-Planck-Institut für Eisenforschung, Dusseldorf,
Germany
In common steels, carbon atoms are purportedly or unintentionally
added and alter mechanical properties of the steels. In ferrite, it is
proposed that much of them does not stay as solid solution and ends
up in the following possibilities: 1, segregate to structural defects;
2, make an elastically favorable ordered structure (Zener-ordering);
3, diffuse to other phases or form a precipitate (austenite, cementite
etc.). While they are individually well studied, the interplay between
these different scenarios is hardly studied. In this work, we present a
density-based diffusion model to study the chemical and elastic inter-
actions between Fe and C as well as among C, in order to understand
the interplay between the formation of Cottrell atmospheres and the
Zener-ordering.

MM 17: Hydrogen in Materials: Hydrogen Storage

Time: Tuesday 14:00–15:15 Location: H46

MM 17.1 Tue 14:00 H46
Open system mechanical behavior of nanoporous palladium-
platinum-hydrogen solid solution near critical point —
∙Sambit Bapari and Jörg Weißmüller — Werkstoffphysik und
technologie, Technische Universität Hamburg
Bulk nanoporous palladium is an ideal system for studying open sys-
tem elasticity as palladium with randomly oriented nanometer size
ligaments affords rapid equilibration of hydrogen between an environ-
ment and the materials bulk [1]. In this work, nanoporous palladium-
platinum (5 at%) alloy was prepared by electrochemical dealloy-
ing. Transmission electron microscopy, oxygen adsorption*desorption
methods were used to characterize the morphology and structure of
the nanoporous alloy. The average ligament size of the as dealloyed
nanoporous palladium-platinum alloy is 4 nm compared to 20 nm for
nanoporous palladium. Hydrogen solubility isotherms show near crit-
ical point behavior in palladium-platinum-hydrogen solid solution at
room temperature. Solute susceptibility and concentration-strain co-
efficient were determined to estimate the difference in compliance be-
tween open and closed systems. In situ quasistatic mechanical tests
and strain rate jump tests were conducted to analyze the open sys-
tem elastic and plastic deformations at near critical point. [1] S Shi,
J Markmann, J Weissmüller. Verifying Larché-Cahn elasticity, a mile-
stone of 20th-century thermodynamics, PNAS, 2018,115 (43) 10914-
10919

MM 17.2 Tue 14:15 H46
Metal-organic frameworks for hydrogen isotope separation —
∙Michael Hirscher — Max-Planck-Institut für Intelligent Systeme,
Stuttgart, Germany
One of the important operations in chemical industry is separation and
purification of gaseous products. Especially H2/D2 isotope separation
is a difficult task since its size, shape and thermodynamic properties
resemble each other. Porous materials offer two different mechanisms
for separating hydrogen isotopes, either confinement in small pores,
i.e., kinetic quantum sieving, or adsorption on strong binding sites,
i.e., chemical affinity quantum sieving. The new class of metal-organic
frameworks (MOFs) allows the exact tailoring of pore size and aper-
ture as well as including open metal sites into the framework. Fur-
thermore, if MOFs consist not of a static, but flexible framework, they
can reversibly respond to external stimuli, which may even enhance
the separation selectivity.

Experimentally, the measurement of the selectivity for hydrogen iso-
tope separation is very challenging, since it requires low temperatures
near the boiling point of the gases. Using low-temperature thermal
desorption spectroscopy (TDS), we have developed a method for mea-
suring directly the isotope selectivity after exposure to H2/D2 mix-
tures.

Exemplarily, this talk will present experimental results on hydrogen
isotope separation in MOFs.
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MM 17.3 Tue 14:30 H46
Microstructural study of MgB2 in the LiBH4-MgH2 compos-
ite by TEM — ∙Ou Jin1, Yuanyuan Shang2, Xiaohui Huang1,
Xiaoke Mu1, Dorothée Vinga Szabó1, Thi Thu Le2, Stefan
Wagner1, Christian Kübel3, Claudio Pistidda2, and Astrid
Pundt1 — 1Karlsruhe Institute of Technology, Karlsruhe, Ger-
many — 2Helmholtz-Zentrum hereon GmbH, Geesthacht, Germany
— 3Technical University of Darmstadt, Darmstadt, Germany
The LiBH4-MgH2 composite is known as Reactive Hydride Composite
for hydrogen storage that has an exceptional hydrogen storage capacity
(up to ∼ 12 wt% H2) and enhanced thermodynamic properties (down
to ∼ 45 kJ/mol H2). The main challenge that limits the extensive
application of this material is its sluggish kinetic performance, which
is primarily ascribed to the hampered nucleation of MgB2 during de-
composition. It was found that transition metal-based additives could
facilitate the formation of MgB2 and accelerate the decomposition of
LiBH4-MgH2. However, the additive effect on the kinetic improvement
had not been fully understood until now. To unravel the uncertain-
ties, the formation of MgB2 in the decomposed LiBH4-MgH2 with and
without the additive 3TiCl3-AlCl3 was studied using manifold trans-
mission electron microscopy techniques. Varied MgB2 morphologies
have been determined, originating from different nucleation centers.
Given the heterogeneous nucleation, the crystallographic orientation
relationship of the relevant phases is in depth discussed. It turns out
that atomic misfit plays a dominant role and directly affects the in-
plane strain energy density, leading to varied kinetic performance.

MM 17.4 Tue 14:45 H46
ETEM studies on hydride precipitation and growth in Mg
films — Magnus Hamm1, Marian David Bongers1, Vladimir
Rodatis1, Stefan Dietrich2, Karl-Heinz Lang2, and ∙Astrid
Pundt2 — 1Göttingen University, Institute of Materials Physics
(IMP), Göttingen, Germany — 2Karlsruhe Institute of Technology
(KIT), Institute for Applied Materials - Materials Science and Engi-
neering (IAM-WK), Karlsruhe, Germany
Understanding solute-induced phase transformations is crucial in a va-
riety of research fields such as catalysis, memory switching or energy

storage. We present solute-induced phase transformations studied on
the model system magnesium-hydrogen (MgH) which provides high
lattice expansion during the phase transformation. In situ precipita-
tion and growth of MgH2 is studied in an environmental transmission
electron microscope (ETEM), combining electron energy loss spec-
troscopy (EELS) and various imaging techniques. We observe that
the Mg-hydride (MgH2) formation proceeds through the formation of
nanocrystals that are separated by low-angle grain boundaries. We
attribute this microstructural change to large strains and stresses be-
tween the matrix and the MgH2 created during the transformation.
[1] M. Hamm et al., Int. J. Hydr. Energy 44 (2019) 32112.

MM 17.5 Tue 15:00 H46
Recycling as the key for developing sustainable hydrogen
storage materials — ∙Claudio Pistidda1, Yuanyuan Shang1,
Thi Thu Le1, Gokhan Gizer1, Hujun Cao1, Nils Bergemann1,
Rifan Hardian1, Martin Dornheim1, and Thomas Klassen1,2 —
1Department of Materials Design, Institute of Hydrogen Technology,
Helmholtz-Zentrum hereon GmbH, 21502, Geesthacht, Germany —
2Helmut Schmidt University, Holstenhofweg 85, 22043, Hamburg, Ger-
many
Metals play a crucial role in supporting the global economy and the
wellbeing of humankind. Supported by the constantly increasing de-
mand for metal-based products, the extraction of mineral resources has
increased, over the last decades, at a faster rate than economic growth.
This trend is forecasted to steadily increase in the near future, thus
leading to concerns over the exploitation of the Earth*s natural re-
sources and the environmental impact that the extraction of metals
will have. In this scenario, finding new ways to recycle metals and
metal alloys, even those of low purity, is mandatory.

To reduce the carbon footprint and environmental impact that the
mining of metals for hydrogen storage purposes entails and to reduce
their cost, at the Helmholtz-Zentrum Hereon we pursue the possibil-
ity of obtaining high-quality hydride-based materials from industrial
metal waste. A complete overview of recent scientific breakthroughs in
the synthesis and characterization of hydrogen storage materials made
from recovered metal wastes will be presented.

MM 18: Poster Session 2

Time: Tuesday 17:30–20:00 Location: P2

MM 18.1 Tue 17:30 P2
Thermal transport properties of sodium superionic conduc-
tors from molecular dynamics simulations — ∙Insa de Vries,
Freya Hallfarth, Helena Osthues, and Nikos Doltsinis — Insti-
tut für Festkörpertheorie, Westfälische Wilhelms-Unviersität Münster,
Germany
Improvements of energy storage systems include the usage of sustain-
able and low-cost materials. In the case of electrolytes for solid state
batteries, this is true for sodium superionic conductors due to the high
availability of sodium especially compared to lithium based systems.
A proper and safe integration of the electrolyte into battery cells also
requires taking into account its thermal properties. Due to the ionic
motion enabled by the open crystal structure of the electrolyte, in addi-
tion to electronic and phononic parts, a diffusive part also contributes
to thermal transport. It is thus important to determine activation
barriers for ionic motion and diffusion mechanisms, as they affect the
thermal properties.

Equilibrium atomistic molecular dynamics simulations were per-
formed of NaZr2P3O12 and Na3Zr2Si2PO12 using a pair potential by
Kumar and Yashonath [1]. Besides identifying ionic diffusion path-
ways, diffusion constants and thermal transport properties were cal-
culated for various temperatures and compared to results from first
principles molecular dynamics.

[1] P. P. Kumar and S. Yashonath, J. Am. Chem. Soc. 124, 3828
(2002)

MM 18.2 Tue 17:30 P2
hiphive - Constructing and sampling higher order force con-
stants for strongly anharmonic materials — ∙Erik Fransson1,
Fredrik Eriksson1, Joakim Brorsson1, Zheyong Fan2, and Paul
Erhart1 — 1Chalmers University of Technology, Gothenburg, Sweden
— 2Aalto, University Helsinki Finland

Higher order force constants (FCs) play a key role in lattice dynamics
and are crucial for the analysis of many thermodynamic materials prop-
erties. Typically FCs have been extracted using the finite displacement
method, which suffers, however, from poor scaling with order and sys-
tem size. In this contribution we present updates to and applications
of the python package hiphive, a tool that allows the efficient extrac-
tion of FCs via a regression approach, both up to high order and for
low symmetry systems. Higher order FCs can be used to directly run
molecular dynamics (MD) simulations, however for strong anharmonic
materials these models can become unstable. To overcome this obsta-
cle, we present a self-consistent (iterative) approach for training higher
order FCs and demonstrate its effectiveness for multiple strongly an-
harmonic materials. We have furthermore interfaced hiphive with the
GPUMD software, which enables large scale molecular dynamics sim-
ulations using FC expansion potentials. This allows for sampling of,
e.g., thermal conductivity via Green-Kubo techniques. This approach
of extracting higher order FCs and sampling thermal conductivity is
demonstrated for two very anharmonic materials, SnSe and BaGaGe.
Lastly, we also demonstrate the application of this approach to study
the complex dynamics of inorganic halide perovskites.

MM 18.3 Tue 17:30 P2
High-throughput calculations for proprety maps of solids
— ∙Daniela Ivanova1, Daniel Wortmann1, Stefan Blügel1,
and Matthias Wuttig2 — 1Peter Grünberg Institut and Insti-
tute for Advanced Simulation, Forschungszentrum Jülich, Germany —
2Department of Physics, RWTH Aachen University, Aachen, Germany
Over the last two decades, high-throughput computation has become
a vital pillar of the scientific research and development process in the
field of computational science. In order to forecast material properties
for a larger sets of atomic configurations, Density Functional Theory
(DFT) as a widely utilized and high-predictive-power first-principles
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approach, has become increasingly frequent to be used robust and au-
tomated. In this work, the DFT open-source of an integrated suite
of codes for electronic-structure calculations, Quantum ESPRESSO is
used as connected and deployed through the open source Automated
Interactive Infrastructure and Database for Computational Science Ai-
iDA framework to achieve automation. Aside from the existence of (1)
covalent, (2) metallic, and (3) ionic bonding, as well as the two weaker
forms of (4) hydrogen and (5) van der Waals bonding, compelling
evidence has been found that a new bonding mechanism prevails in
crystalline phase change materials, termed as*(6)’metavalend bond-
ing*. The materials data set chosen for high-throughput computing
and calculation of the relevant materials properties supplies essential
data for mapping distinctions between the bonding mechanisms. Such
property maps can also lead to the conjecture of a sixth bonding mech-
anism (MVB).

MM 18.4 Tue 17:30 P2
High Perfomance Computing as enabler for condensed matter
research — ∙Andreas Strauch, Jens Förstner, Thomas Kühne,
and Christian Plessl — Paderborn University, Paderborn, Germany
The availability of High Perfomance Computing ressources has en-
abled a wide range of high-impact science in the field of condensed
matter physics in the last decades. We review the numerical research
performed at the Paderborn Center for Parallel Computing (PC2)
ranging from atomistic ab- initio-calculations to electromagnetic, opto-
electronic, and quantum dynamical simulations. Combining in-depth
knowledge on high performance computing and on heterogeneous hard-
ware architectures with topical research has led to the development of
high-level hardware-agnostic parallel-computing frameworks like High-
PerMeshes [1] and to research on novel numerical methods, e.g. for
molecular dynamics simulations [2,3].

[1] S. Alhaddad et al, "The HighPerMeshes framework for numeri-
cal algorithms on unstructured grids", Concurrency and Computation:
Practice and Experience (2021), pp. e6616, DOI: 10.1002/cpe.6616
(2022)

[2] R. Schade et al, "Towards electronic structure-based ab-initio
molecular dynamics simulations with hundreds of millions of atoms",
Parallel Computing 111, doi:10.1016/j.parco.2022.102920 (2022)

[3] R. Schade et al, "Breaking the Exascale Barrier for the
Electronic Structure Problem in Ab-Initio Molecular Dynamics",
arXiv:2205.12182 (2022)

MM 18.5 Tue 17:30 P2
Computational studies of liquid chromophores — ∙Eric Lind-
gren — Department of Physics, Chalmers University of Technology,
Gothenburg, Sweden
Liquid chromophores such as perylene and its derivatives constitute an
important class of materials, with applications ranging as solvent-free
dyes to increasing the efficiency of solar cells via photon conversion.
Their structural and in particular dynamical behaviour on the molecu-
lar level is not very well known, yet crucial for their optical properties.
In this work, we use molecular dynamics (MD) simulations to inves-
tigate the structural and dynamical properties of perylene and two
of its derivatives (perylene-ethyl and perylene-diimide). Specifically,
we extract the static and dynamical structure factors and the current
correlation functions for various temperatures as well as for two differ-
ent initial structural models of the systems, which in principle allows
us to establish a direct link to experimental studies. Motivated by
recent experimental work by Hultmark et al. (Science Advances 7.29
(July 2021)), we consider two structural models that differ with respect
to the relative orientation of the molecules. Whereas in model 1 the
molecules are more or less randomly oriented, model 2 features domains
with pronounced pi-pi stacking. The latter configuration corresponds
to a simplified representation of the supramolecular aggregates that
some extended perylene derivatives have been observed to form exper-
imentally. At the moment we have established our simulation protocol
and verified the basic premise of this project. Next we will extend our
study to derivatives with larger sidegroups and mixtures thereof.

MM 18.6 Tue 17:30 P2
Edge states in proximitized graphene ribbons and flakes in a
perpendicular magnetic field: Emergence of lone pseudoheli-
cal pairs and pure spin-current states — ∙Yaroslav Zhumag-
ulov, Tobias Frank, and Jaroslav Fabian — Institute for Theoret-
ical Physics, University of Regensburg, 93040 Regensburg, Germany
Graphene influenced by the valley-Zeeman intrinsic spin-orbit coupling
through proximity effects provides signatures of pseudohelical edge

states. Analyzing the band structure of a zigzag graphene nanorib-
bon in the presence of proximity induced spin-orbit interaction and
an external magnetic field, we have discovered the effect of stabiliza-
tion of intervalley edge states and removal intravalley edge states by
the external magnetic field. Stabilization of states is associated with
the closing/reopening of the bulk bandgap between nonzero Landau
levels. The magnitude of the external magnetic stabilization field was
estimated both numerically and analytically. Finally, we have found
that stabilized intervalley edge states in the presence or in the absence
of a spin-flip hopping through the armchair edge form pseudohelical
states or pure spin current states, respectively. The states of pure spin
current are formed in wide graphene flakes and are protected from
scattering by defects on the zigzag edges of graphene flakes. This work
was supported by DFG SPP 2244, DFG SFB 1277 and EU Graphene
Flagship.

MM 18.7 Tue 17:30 P2
Modelling mechanical bond scission of amine cured Epoxy
resins under stress — ∙Sampannai Pahi1, Mattia Livraghi1,
Christian Wick1,2, and Ana-Suncana Smith1,3 — 1PULS
Group, Institute for Theoretical Physics and Interdisciplinary Cen-
ter for Nanostructured Films (IZNF), Friedrich-Alexander Universität
Erlangen-Nürnberg (FAU), 91058 Erlangen, Germany — 2Competence
Unit for Scientific Computing (CSC), FAU, 91058 Erlangen, Germany
— 3Group of Computational Life Sciences, Division of Physical Chem-
istry, Ruder Bos0̆1e9ovi0̆107 Institute, 10000 Zagreb, Croatia
Epoxy resins are widely used thermoset polymers in manufacturing
processes. Understanding of fracture propagation in cured epoxy resins
is pivotal in determining the bulk level properties of the material. In
this paper, a scale-bridging approach that links atomistic molecular dy-
namics(MD) simulations with DFT based Quantum Mechanical(QM)
criterions has been implemented to model bond breakage in Quan-
tum level. In our approach, we create smaller model systems for each
bond and implement COGEF procedure to determine optimal bond
breakage criterion. Furthermore, a hybrid on-the-fly QM/MM method
is described and its ability to capture bond scission on cross linked
polymer system with no predetermined fracture site is demonstrated.
Using QM bond breakage criterion, bond scission in MD run is iden-
tified and checked using presence of spin contamination. Our study
provides insights into the molecular mechanisms governing the fracture
mechanism of epoxy resins and demonstrates the success of utilising
atomistic molecular simulations towards predicting bulk properties.

MM 18.8 Tue 17:30 P2
Solvation effects on proton irradiation of DNA — ∙Daniel
Muñoz-Santiburcio1, Bin Gu2, and Jorge Kohanoff1 —
1Instituto de Fusión Nuclear “Guillermo Velarde”, Universidad Politéc-
nica de Madrid, Spain — 2Department of Physics, Nanjing University
of Information Science and Technology, China
Proton irradiation of DNA is of utmost importance for many fields,
from radiation damage in space to medical applications for cancer
treatment. Ab initio simulations are highly valuable tools for under-
standing such process, but they are cumbersome due to the required
level of theory. These involve simulating the non-adiabatic propaga-
tion of the electronic subsystem of the target material, and to date
have been restricted to DNA systems in absence of water, or at most
with few solvating molecules. Here we present the results of large-scale
ab initio (RT-TDDFT) simulations of proton irradiation of a realistic
DNA system in bulk water, where we have determined different im-
portant aspects of the proton irradiation process such as the stopping
power of the system, the spacial distribution of the holes in terms of
the depopulations of the maximally localized Wannier functions, and
more importantly the influence of the surrounding water. We will show
that water is neither a mere spectator on the process nor a simplistic
reducing or enhancing agent of the excitation process. Instead, water
qualitatively changes the excitation landscape of the proton-irradiated
DNA, making the hole population on the different atoms and bonds
qualitatively different in the solvated vs. the dry DNA case.

MM 18.9 Tue 17:30 P2
Resistometric determination of GP-zone formation and
growth — ∙Fabian Miller, Johannes Berlin, Tobias
Stegmüller, and Ferdinand Haider — Universität Augs-
burg,Institut für Physik, 86135 Augsburg, Deutschland
Aluminium alloys are of crucial importance in todays economy, there-
fore the deeper understanding of their mechanical and electrical prop-
erties is important. These properties can be influenced by precipitate
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formation. In this work we focused in the Al*Cu system with samples
containing around 4 wt.% of Cu. They were homogenized at the eutec-
tic temperature and rapidly quenched to ambient temperature. After-
wards 4-point-resistance measurements were conducted during natural
and artificial aging. Due to formation of Guinier Preston zones, the
resistivity first increases, then slowly decreases, allowing to monitor
the unmixing for different temperatures and for different quenching
conditions. Further experiments with other alloying metals than Cu
will be conducted and variations of the homogenisation temperature
are planned to be inspected.

MM 18.10 Tue 17:30 P2
Dealloying and nanoscale structure formation at crystal-melt
coexistence — ∙Zhongyang Li1, Nina Petersen1, Lukas Lührs1,
and Jörg Weissmüller1,2 — 1Institute of Materials Physics and
Technology, Hamburg University of Technology — 2Institute of Materi-
als Mechanics, Hybrid Materials Systems, Helmholtz-Zentrum Hereon
Recent work on Ti-Ag alloy has shown that a bicontinuous microstruc-
ture can be formed via peritectic melting, which could further trans-
form to open porous Ti or Ag networks through selective etching.
Several factors including the large solubility difference of two alloy
elements in liquid phase, large composition difference and the volume
fraction of the solid and liquid phases are considered to be criteria for
this phenomenon. However, the formation mechanism of this particu-
lar microstructure during peritectic dealloying is still not fully known.

In this work, alloy systems including Bi-Ni, Fe-Sn and Mn-Sn, are
chosen, which satisfy part or all of the aforementioned criteria. With
SEM and diffraction experiments of these samples after peritectic melt-
ing, we investigate the morphology of different phases, and discuss the
dominant factor for the formation of bicontinuous structure. The effect
of parameters for thermal treatment, including temperature and dura-
tion of heat treatment, are also studied using SEM, in order to find the
optimized combination that could produce finer microstructure. With
the research in these two aspects, we discuss the possibility of broad-
ening the application of this new dealloying method from peritectic
dealloying to dealloying at liquid-solid coexistence state.

MM 18.11 Tue 17:30 P2
Structural and Textural Transitions of Discotic Ionic Liq-
uid Crystals in Nanoporous Solids — ∙Zhuoqing Li1, Patrick
Huber1, Sabine Laschat2, Aileen Raab2, Andreas Schönhals3,
and Mohamed A. Kolmangadi3 — 1Institute for Materials and
X-Ray Physics, Technische Universität Hamburg, Hamburg, Ger-
many — 2Institut für Organische Chemie, Universität Stuttgart,
Stuttgart, Germany — 3Bundesanstalt für Materialforschung und -
prüfung (BAM), Berlin, Germany
Discotic ionic liquid crystals (DILCs) derived from 3,4- dihydrox-
yphenylalanine (DOPA) have synergetic properties of liquid crystals
and ionic liquids. Driven by the 𝜋*𝜋 interactions among the aromatic
cores, DILCs may self-organize, leading to a hexagonal ordered colum-
nar liquid crystalline mesophase. Embedding of DILCs in nanoporous
solids allows one to design hybrid materials with 1-D ionic conductivity
pathways on the single-nanopore scale and tailorable photonic prop-
erties. The structural organization of confined DILCs is determined
by a interplay of geometrical constraints and interfacial interactions at
the pore wall and thus depends on pore size, temperature treatment
and molecular wall anchoring. The optical birefringence experiments
and small angle X-ray scattering results indicate ordered liquid crys-
talline mesophases of different collective orientations as a function of
anchoring of the DILC discs at the pore surface. In particular, these
experiments suggest that depending on the pore size a transition from
the formation of circular concentric ring structures to an arrangement,
where the columns are aligned parallel to the pore axis occurs.

MM 18.12 Tue 17:30 P2
Laughlin topology on fractal lattices without area law entan-
glement — ∙MANI CHANDRA JHA — MPI-PKS
Laughlin states have recently been constructed on fractal lattices, and
the charge and braiding statistics of the quasiholes were used to con-
firm that these states have Laughlin type topology. Here, we inves-
tigate density, correlation, and entanglement properties of the states
on a fractal lattice derived from a Sierpinski triangle with the purpose
of identifying similarities and differences compared to two-dimensional
systems and with the purpose of investigating whether various probes
of topology work for fractal lattices. Similarly to two-dimensional sys-
tems, we find that the connected particle-particle correlation function
decays roughly exponentially with the distance between the lattice sites

measured in the two-dimensional plane, but the values also depend on
the local environment. Contrary to two-dimensional systems, we find
that the entanglement entropy does not follow the area law if one de-
fines the area to be the number of nearest neighbor bonds that cross
the edge of the selected subsystem. Considering bipartitions with two
bonds crossing the edge, we find a close to logarithmic scaling of the
entanglement entropy with the number of sites in the subsystem. This
also means that the topological entanglement entropy cannot be ex-
tracted using the Kitaev-Preskill or the Levin-Wen methods. Studying
the entanglement spectrum for different bipartitions, we find that the
number of states below the entanglement gap is robust and the same
as for Laughlin states on two-dimensional lattices.

MM 18.13 Tue 17:30 P2
A study of the local fields in bismuth ferrite by using
different radioactive tracer ions — ∙Thanh T. Dang1, Ju-
liana Schell1,2, Marianela E-Castillo1, Daniil Lewin1, Astita
Dubey1, Andrea G. Boa2,3, Reinhard Beck4, Cornelia Noll4,
João N. Gonçalves5, Dmitry Zyabkin6, Konstantin Glukhov7,
Ian C. J. Yap8, Adeleh M. Gerami2,9, Koen V. Stiphout10,
Georg Marschick11, Edgar M. S. D. Reis1,2, Sobhan M.
Fathabad1, and Doru C. Lupascu1 — 1University of Duisburg-
Essen — 2European Organization for Nuclear Research — 3Technical
University of Denmark — 4University of Bonn — 5Universidade
de Aveiro — 6TU Ilmenau — 7Uzhhorod National University —
8Universität Göttingen — 9School of Particles and Accelerators
— 10Georg-August-Universität Göttingen — 11Vienna University of
Technology
This work presents the study of the local electric and magnetic fields
in multiferroic bismuth ferrite using Time Differential Perturbed An-
gular Correlation spectroscopy. The measurements were carried out
at a wide range of temperatures up to 850oC, after the implanta-
tion of various radioactive tracer ions: 181Hf, 111In and 111mCd.
The experimental results reflect the obedience to Landau theory and
Brillouin-Weiss equation of local electric polarization and magnetiza-
tion, respectively. Particularly, a huge coupling between local electric
and magnetic fields has been investigated in anti-ferromagnetic order.
With the support of ab-initio DFT simulations, we can conclude that
111mCd is located at Bi-atom, 181Hf and 111In substitute Fe-atom.

MM 18.14 Tue 17:30 P2
Partitioning of transition metals to the 𝛾 and 𝛾′ phase of
Co-based superalloys — ∙Isabel Pietka1, Andreas Förner2,
Manuel Köbrich2, Steffen Neumeier2, Ralf Drautz1, and
Thomas Hammerschmidt1 — 1Ruhr-Universität Bochum, Inter-
disciplinary Centre for Advanced Materials Simulation (ICAMS) —
2Friedrich-Alexander-Universität Erlangen-Nürnberg, Department of
Materials Science & Engineering
Single-crystal Co-base superalloys are a promising class of materials
in high-pressure high-temperature applications such as blades of gas
turbines or jet engines. The superior mechanical properties at high
temperatures are a consequence of the underlying 𝛾/𝛾′ microstruc-
ture. The improvement of the mechanical properties of these alloys is
therefore closely tied to an understanding of the influence of alloying
elements on the microstructure. In this work, we describe the 𝛾/𝛾′

partitioning of different alloying elements, i.e. their preference for the
𝛾 matrix or the 𝛾′ particles of the microstructure. In particular, we
determine the energy difference of nearly all 3d, 4d, 5d transition met-
als (TMs) in Co3(Al/W) by density functional theory calculations.
In very good agreement with results from wavelength-dispersive X-ray
spectroscopy and atom probe tomography, we find a preference of early
TMs for the 𝛾′ phase while mid to late TMs show no clear preference.
We demonstrate that the findings can be rationalized in terms of band-
filling and atomic size differences by moment analysis from bond order
potential theory.

MM 18.15 Tue 17:30 P2
The oxidation of TNM alloy at 700∘C and 760∘C — ∙Heng
Zhang1,2 and Yongfeng Liang2 — 1Institute of Materials Physics,
University of Münster, Germany — 2State Key Laboratory for Ad-
vanced Metals and Materials, University of Science and Technology
Beijing, Beijing, China
The TNM sample morphology and components of the oxides are mea-
sured with SEM, EDS and XPS after oxidation until 200 hours at
700∘C and 760∘C respectively. Al2O3 is the main oxides at 700∘C
combined with a little TiO2, MoO2 and MoO3, while the oxides are
TiO2,MoO2 and MoO3 at 760∘C, exhibiting a good oxidation resis-
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tance under 700∘C.

MM 18.16 Tue 17:30 P2
Reactive Surface Corrosion of Stainless Steel studied with
Atomic Force Microscopy and Kelvin Probe Force Mi-
croscopy — ∙Julian Cremer1, Sinan Kiremit2, Bernhard
Kaltschmidt3, Thomas Kordisch2, Andreas Hütten3, and
Dario Anselmetti1 — 1Experimental Biophysics and Applied
Nanoscience (BINAS), Bielefeld University — 2Bielefeld Institute for
Applied Materials Research, Bielefeld University of Applied Sciences
— 3Thin Films & Physics of Nanostructures, Bielefeld University
The pitting surface corrosion of three different stainless steels (1.4016,
1.4510 and 1.4301) used for industrial applications was investigated
by exposition to oxidative liquids. Here, we focus on the investiga-
tion of the origin of the pitting using Kelvin probe force microscopy
(KPFM) and on the prevention of corrosion by surfactants using high-
resolution atomic force microscopy (AFM). KPFM allows to determine
the work function of a sample with high spatial resolution. We found
that the initiation of a pit can be caused by an abnormal anodic site
(low work function) surrounded by a normal surface which acts as a
cathode, or by the presence of an abnormal cathodic site (high work
function) surrounded by a normal surface. In order to test whether
KPFM can predict where and why pitting corrosion occurs, we use
a micro corrosion liquid cell that allows live observation of the previ-
ously scanned area during corrosion. Additionally, we study the sur-
face activity of surfactants acting as corrosion inhibitors on stainless
steels regarding adsorption dynamics and layer thickness in different
temperature-controlled solutions.

MM 18.17 Tue 17:30 P2
Reactive Surface Corrosion of Polypropylene studied with
Atomic Force Microscopy — ∙Julian Cremer1, Bernhard
Kaltschmidt2, Andreas Hütten2, and Dario Anselmetti1 —
1Experimental Biophysics and Applied Nanoscience (BINAS), Biele-
feld University — 2Thin Films & Physics of Nanostructures, Bielefeld
University
The surface corrosion of various polypropylene samples used for indus-
trial applications was investigated by exposition to oxidative liquids.
The samples are formulated by different additive packages and include
fillers such as talc or glass fibers for reinforcement. In particular, we
study the aging and corrosion of these polypropylene samples in oxida-
tive liquid media, analyzing the influence of temperature and oxidants.
Contrary to aging induced by UV radiation, aging in oxidative liquids
is rarely studied. Shedding some light on this research area, we placed
the polypropylene samples in an oxidative test solution at 95∘C, which
was constantly renewed. In total, the samples were examined after ten
different time steps up to 4000h. Mainly, we used atomic force mi-
croscopy (AFM) to image the samples and to determine the Young’s
modulus, which is a decisive parameter for the age of plastic materials.
In some cases, we observe a growth of a fibrous structure on the surface
covering nearly the whole sample. To determine the chemical composi-
tion of the bloomed structure and follow the aging on a chemical level,
attenuated total reflection infrared spectroscopy was performed (ATR-
FTIR). We present structural and chemical changes of aged industrial
polypropylene as well as the consequence of additive blooming.

MM 18.18 Tue 17:30 P2
High-Pressure Torsion Deformed Magnesium: Microstruc-
ture Evolution and Hydrogen Diffusion — ∙Sabine
Schlabach1,2,3, Bingyu Wu1, Giorgia Guardi1, Stefan
Wagner1, Julia Ivanisenko2,3, and Astrid Pundt1 — 1Karlsruhe
Institute of Technology, Institute for Applied Materials, Karlsruhe,
Germany — 2Karlsruhe Institute of Technology, Institute of Nanotech-
nology, Karlsruhe, Germany — 3Karlsruhe Institute of Technology,
Karlsruhe Nano Micro Facility, Karlsruhe, Germany
Magnesium (Mg) is one of the materials considered as a solid state
storage material for Hydrogen (H) as it is capable of storing up to 7.6
wt.% of H while forming magnesium hydride (MgH2). However, the
volume diffusion rate of H in MgH2 is low, and thus the sorption rate
of H is rather slow. As grain boundaries are suggested as fast diffusion
paths, an increasing volume fraction of grain boundaries by reducing
the grain size is aimed. Starting from polycrystalline bulk Mg, this
can be done, e.g., by high-pressure torsion, one method of severe plas-
tic deformation. The deformation induced microstructure evolution
is investigated by using electron backscatter diffraction depending on
different process parameters like imposed pressure and number of revo-
lutions. Special attention is taken on local misorientations as a measure

of dislocation density and their possible influence on H-diffusion. The
related H loading capability of the deformed Mg samples is tested at
room temperature utilizing gas volumetry. In a first step, H-diffusion
in the 𝛼-Mg phase is assessed as model system. Thus, the maximum
H concentration is kept below the solid solution limit.

MM 18.19 Tue 17:30 P2
Co(OH)2@FeCo2O4 as high-performance electrode material
for supercapacitors — ∙Zidong Wang1,2, Yude Wang2, Huaping
Zhao1, and Yong Lei1 — 1Fachgebiet Angewandte Nanophysik, In-
stitut für Physik & IMN MacroNano, Technische Universität Ilmenau,
98693 Ilmenau, Germany — 2School of Materials and Energy, Yunnan
University, 6500504 Kunming, Peoples Republic of China
Spinel-type MCo2O4 (M = Zn, Ni, Fe, *) are regarded as a partial
replacement of Co3O4 without crystal structure changes, and they
provide advantages of lower cost and improved performance compared
with Co3O4. Particularly, the variable valence of Fe in FeCo2O4 ben-
efits the energy storage capability. However, previous works indicate
that the attainable performance of FeCo2O4 is still limited. Herein, a
2D planar morphology design is proposed to optimize the performance
of FeCo2O4 as active materials of supercapacitors. In this work, nano-
sized Co(OH)2 were composited on FeCo2O4 nanosheets skeleton by
a simple one-step hydrothermal process. Due to the synergistic effect,
the sample achieves outstanding performances with the specific capac-
itance of 1173.43 F g*1 at a current density of 1 A g*1 and 95.4% ca-
pacitance retention after 5000 cycles. It indicates that nanostructured
Co(OH)2@FeCo2O4 would have hopeful prospects in energy storage
applications.

MM 18.20 Tue 17:30 P2
Quantitative investigation of reversible Li2O formation on
Germanium battery anodes — ∙Ke Wang and Guido Schmitz
— Chair of Materials Physics, Institute for Materials Science, Univer-
sity of Stuttgart, Heisenbergstr. 3, 70569 Stuttgart, Germany
Lithium-ion batteries (LIB) serves as efficient energy storage devices
in many aspects of our life. Anodes belonging to the Group IV (Si,
Ge and Sn) are promising candidates to replace commercially applied
graphite (372 mAh g-1) owing to their high theoretical capacity (3850
mAh g-1 for Si, 1570 mAh g-1 for Ge, and 990 mAh g-1 for Sn). But,
the respective mechanisms of Li storage and the formation of solid
electrolyte interface (SEI) are still not clearly. In this work, cyclic
voltammetry has been conducted in combination with a quartz crystal
microbalance to measure the SEI mass, and the amount of eventual re-
versibly processed species. Similar to Si and Sn, also with Ge anodes,
the QCM mass spectroscopy identifies Li2O as a reversibly processed
species that contributes a significant part to the electrochemical ca-
pacity. The amount of reversibly stored Li2O decreases weakly with
increasing cycling rate, but increases significantly with the thickness
of the Ge anodes. Interestingly, the amount of Li2O decreases if pro-
nounced anode cracking appears, which is probably attributed to the
fact that the fracture introduces short circuit transport paths deep into
the volume of the Ge which accelerates lithiation. Thermodynamically,
Li*2O should form before Li is inserted. But in the experiment simul-
taneously formation of Li*2O and LixSny is observed on Sn, probably
attributed to lateral heterogeneity introduced by surface roughness.

MM 18.21 Tue 17:30 P2
Recycling of anode graphite from spent lithium-ion batteries
and reused in heat transfer medium — ∙Yu Qiao1,2, Zhonghao
Rao3,4, Huaping Zhao1, and Yong Lei1 — 1Fachgebiet Angewandte
Nanophysik, Institut für Physik & IMN MacroNano, Technische Uni-
versität Ilmenau, 98693 Ilmenau, Germany — 2School of Electrical
and Power Engineering, China University of Mining and Technology,
221116, Xuzhou, China — 3School of Energy and Environmental En-
gineering, Hebei University of Technology, 300401, Tianjin, China —
4Hebei Key Laboratory of Thermal Science and Energy Clean Utiliza-
tion, Hebei University of Technology, 300401, Tianjin, China
Lithium-ion batteries (LIBs) have been widely employed in fast-
growing mobile devices, stationary storage devices and electric vehicles.
However, LIBs face a large wave of retirement because of a certain life.
Graphite is the most common anode material in LIBs, amount of waste
graphite will also be produced with the retirement of spent LIBs. An-
ode graphite (AG) from spent LIBs has the characteristics of large
layer spacing and ease of being intercalated due to reducing the in-
terlamination force after repeated charge and discharge cycles. In this
study, two-dimensional graphite flakes (GFs) were prepared from spent
AG through a freeze-thaw ultrasonic-assisted circulation method. The
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heat transfer ability of as-obtained GFs dispersed in ethylene glycol
was investigated experimentally. The results indicated that GFs could
enhance the heat transfer coefficient and the maximum enhancement
is about 30%.

MM 18.22 Tue 17:30 P2
Mild-temperature solution-assisted encapsulation of phos-
phorus into ZIF-8 derived porous carbon as lithium-ion bat-
tery anode — ∙Chengzhan Yan1, Shun Wang2, and Yong Lei1

— 1Fachgebiet Angewandte Nanophysik, Institut für Physik & IMN
MacroNano, Technische Universität Ilmenau, 98693 Ilmenau, Ger-
many. — 2Key Laboratory of Carbon Materials of Zhejiang Province,
Institute of Materials and Industrial Technologies, Wenzhou Univer-
sity, Wenzhou, Zhejiang, 325027, China.
Phosphorus in the form of polyphosphides anions (PP) is encapsulated
into ZIF-8 derived porous carbon through a solution-assisted etching
diffusion process under a mild temperature, and the composites with a
high phosphorous content of 30 wt% exhibit a high capacity, improved
cycling stability as well as a good rate performance as a lithium-
ion battery anode. Herein, a series of morphological and structural
characterizations are applied to analyze the differences between indi-
vidual MOF-derived carbon hosts with the whole body that has PP
inside the pore. Subsequently, their electrochemical performance is
also compared. The results of the above-mentioned material analysis
and application practices jointly confirmed the superiority of this mild
temperature solution-assisted encapsulation of phosphorus method. In
summary, this work provides a new strategy to design and fabricate
phosphorus-based electrodes for batteries beyond lithium-ion batteries.

MM 18.23 Tue 17:30 P2
Optimization of flash sintering input parameters for obtain-
ing 8YSZ dense samples — ∙Fábulo R. Monteiro1, Gustavo
C. Dacanal1, João V. Campos2, Lilian M. Jesus2, Adilson L.
Chinelatto3, and Eliria M. J. A. Pallone1 — 1University of São
Paulo, Pirassununga, Brazil — 2Federal University of São Carlos, São
Carlos, Brazil — 3University of Ponta Grossa, Ponta Grossa, Brazil
Flash sintering has been widely investigated due to its technological
potential, since it allows very rapid densification of different ceramic
materials. The literature still lacks studies assessing how the elec-
trical parameters of the technique (electric field and current density)
involved in the process affect material densification since these pa-
rameters may vary depending on furnace type and, especially, sample
geometry. Thus, this study used the response surface technique to an-
alyze and relate, in a multivariate way, a few flash sintering variables.
A mathematical model was proposed to optimize the densification of
8YSZ cylindrical and dog-bone samples. For this, a complete second
order factorial planning with three central points was used in combi-
nation with the response surface methodology. The results obtained
allowed us to predict electric field and electric current density values
to optimize the densification of 8YSZ samples in the two geometries
used and to understand how electric field and electrical current density
values affected onset and sample temperatures (estimated by the black
body radiation model).

MM 18.24 Tue 17:30 P2
The effect of crystallinity of layered transition metal disul-
fide on the performance of potassium-ion batteries: The case
of molybdenum disulfide — ∙Yulian Dong, Huaping Zhao, and
Yong Lei — Fachgebiet Angewandte Nanophysik, Institut für Physik
& IMN MacroNano, Technische Universität Ilmenau, 98693 Ilmenau,
Germany
Layer-structured transition metal dichalcogenides (LS-TMDs) are be-
ing studied in potassium-ion batteries owing to their structural unique-
ness and electrochemical mechanisms. In this work, the dependence
of electrochemical performance on the crystallinity of LS-TMDs has
been investigated. Taking MoS2 as an example, lower crystallinity
can alleviate diffusional limitation in 0.5*3.0 V, where intercalation
reaction takes charge in storing K-ions. Higher crystallinity can en-
sure the structural stability of the MoS2 layers and promote surface
charge storage in 0.01*3.0 V, where conversion reaction mainly con-
tributes. The low-crystallized MoS2 exhibits an intercalation capacity
(118 mAh/g) and great rate capability (41 mAh/g at 2 A/g), and the
high-crystallized MoS2 delivers a high capacity of 330 mAh/g at 1 A/g
and retains 161 mAh/g at 20 A/g. It shows that when intercalation
and conversion reactions both contribute to store K-ions, higher crys-
tallinity ensures the structural stability of the exfoliated MoS2 basal
layers and promotes surface-controlled charge storage.

MM 18.25 Tue 17:30 P2
Magnetic Hardening of Nd-Fe-B Permanent Magnets —
∙Lukas Schäfer1, Konstantin Skokov1, Fernando Maccari1,
Iliya Radulov1, David Koch2, and Oliver Gutfleisch1 —
1Functional Materials, Institute of Material Science, Technical Univer-
sity of Darmstadt, 64287, Darmstadt, Germany — 2Strukturforschung,
Institute of Material Science, Technical University of Darmstadt,
64287, Darmstadt, Germany
Nd-Fe-B alloys used for permanent magnets provide highest perfor-
mance and energy density and are therefore used in numerous energy
and high-tech applications. The superior intrinsic properties of the
hard magnetic Nd2Fe14B phase are translated by a controlled produc-
tion processes leading to a specific micro- and grain boundary struc-
ture and high coercivity. In this work, we take a different approach and
show a novel magnetic hardening mechanism in such materials. This
mechanism has the potential to be incorporated into existing manu-
facturing processes and to be adapted to novel production routes for
Nd-Fe-B permanent magnets such as Additive Manufacturing. As an
example, we demonstrate how the microstructural transformation from
metastable Nd2Fe17B𝑥 phase to the hard magnetic Nd2Fe14B phase
by controlled annealing leads to a significant increase in coercivity from
250 kAm−1 to 700 kAm−1 in Nd16Fe𝑏𝑎𝑙−𝑥−𝑦−𝑧Co𝑥Mo𝑦Cu𝑧B7 alloys.
This approach offers also a promising opportunity for the fabrication
of nano composite magnets.

MM 18.26 Tue 17:30 P2
Spin fluctuations and Wigner thermal transport in ther-
moelectric skutterudites — ∙Enrico Di Lucente1, Michele
Simoncelli2, and Nicola Marzari1 — 1Theory and Simulation of
Materials (THEOS) and National Centre for Computational Design
and Discovery of Novel Materials (MARVEL), École Polytechnique
Fédérale de Lausanne, Lausanne 1015, Switzerland — 2TCM Group,
Cavendish Laboratory, University of Cambridge, 19 JJ Thomson Av-
enue, Cambridge, CB3 0HE UK
Skutterudites are highly promising functional materials due to their pe-
culiar thermoelectric and magnetic properties. We elucidate the com-
plex fenomenology that takes place in these materials both in terms
of spin fluctuations and in the crossover from a Peierls-Boltzmann
to a Wigner thermal transport regime, where tunneling of phonon
wavepackets emerges. We first study the electronic structure us-
ing the state-of-the-art DFT+Hubbard theory to uncover multiple
self-consistent magnetic and charge disproportionated configurations.
While the lowest energy state is antiferromagnetic but metallic, para-
magnetic fluctuations captured through a special quasi random struc-
ture open a small gap of 61 meV, in good agreement with experiments.
Moreover, in going from the parent compound to the related filled skut-
terudite, a transition from a Peierls-Boltzmann to a Wigner thermal
transport regime arises, where, at working temperature of the devices,
the tunneling of phonon wavepackets becomes as relevant as the drift-
ing diffusion.

MM 18.27 Tue 17:30 P2
Freezing and melting of water in nanopores: A temperature-
dependent X-ray scattering study — ∙Lars Dammann1,2,
Stella Gries1,2, Milena Lippmann1, and Patrick Huber1,2 —
1Deutsches Elektronen-Synchrotron DESY, Notkestr. 85, Hamburg
22607, Germany — 2Hamburg University of Technology, Institute for
Materials and X-Ray Physics, Eißendorfer Straße 42, Hamburg 21073,
Germany
The crystallization of water in extreme spatial confinement of
nanoporous media plays a pivotal role in many natural and technolog-
ical processes, ranging from frost heave to modern materials process-
ing. However, the induced interfacial stresses in the porous medium
during melting and crystallization and the crystalline structures of
nanoconfined water are still subject of scientific discussions. Here we
present simultaneous temperature dependent small and wide angle X-
ray scattering (SAXS/WAXS) measurements of water in ordered silica
nanopores of diameters around 3 nm and 7-8 nm in a temperature
range from 300 K to 150 K. With SAXS we investigate the crystalliza-
tion induced strain on the pore network and with WAXS the structure
of water ice in nanoconfinement. A complete analysis of the mea-
surements is yet to be conducted, however, promising first results of
the SAXS measurements show a strong dependence of pore strain on
freezing in the pores especially for the smaller pores. As a next step
we aim to compare the SAXS data to the measured WAXS signal to
investigate the structure of the crystallized confined water.
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MM 18.28 Tue 17:30 P2
Liquids in Atom Probe Tomography — ∙Tim Maximilian
Schwarz, Helena Solodenko, Jonas Ott, Guido Schmitz, and
Patrick Stender — .University of Stuttgart, Institute for Materials
Science, Chair of Materials Physics, Heisenbergstr. 3, 70569 Stuttgart,
Germany
Frozen liquids are challenging and rather new in the investigation by
atom probe tomography. However, recent progress in instrumentation,
especially the introduction of cryo transfer shuttles, and the develop-
ment of the required preparation routes to shape nanometric needles
of frozen liquids enable measurements of sufficient quality and size of
data sets to discover the typical features of this material class. The
field evaporation of liquids resembles more the behaviour of weakly
cross-linked polymers than that of metals. So frozen liquids, stabilized
by weak hydrogen or van der Waals bonds, typically evaporate in large
molecular fragments which raises general questions about spatial re-
solving power and chemical sensitivity of the atom probe tomography.
At the example of saturated glucose solutions, we investigate the ac-
curacy of the chemical analysis and the spatial resolution in localizing
dissolved molecules. The direct comparison to the field evaporation of
solid bulk glucose demonstrates in water a matrix-assisted field des-
orption that enables the detection of the chemical structure of larger
organic molecules. One step further natural honey, which is a super-
saturated solution consiting of a mixture of different monosaccarides
and higher sugars in water, can be investigated on the nanoscale.

MM 18.29 Tue 17:30 P2
Fractal abnormal grain growth in nanocrystalline Pd-Au at
the atomistic level — ∙Johannes Wild1, Torben Boll1, Jules
Dake2, Dorothée Vinga Szabó1, Stefan Wagner1, Carl E.
Krill2, and Astrid Pundt1 — 1Karlsruhe Institute of Technology
(KIT), Institute for Applied Materials - Materials Science and Engi-
neering (IAM-WK), Karlsruhe, Germany — 2University of Ulm, Insti-
tute of Functional Nanosystems, Ulm, Germany
Nanocrystalline (NC) Pd-10 at.% Au (PdAu) prepared by inert gas
condensation (IGC) shows an unconventional manifestation of abnor-
mal grain growth upon heat treatment. This unusual growth mode
leads to complex and highly convoluted boundaries resembling those
of fractal shapes. Furthermore, the microstructure shows a bimodal
grain size distribution with regions of NC grains bordering grains in
the micron range. This phenomenon is unique to this NC PdAu as
conventionally prepared samples showed normal grain growth for the
same heat treatment. In this study, we investigate the abnormal grain
boundaries of heat-treated IGC PdAu using atom probe tomography
(APT) and field ion microscopy (FIM). The position-specific APT sam-
ples are produced by targeted sample preparation with focused ion
beam lift-out methods at chosen regions of interest that are identified
beforehand by high-resolution electron backscatter diffraction imaging.
We also use FIM, which has a higher lateral resolution than APT. This
research is financially supported by the Deutsche Forschungsgemein-
schaft (DFG) via project number 461632490, DFG PU131/18-1, DFG
KR1658/10-1 and Karlsruhe Nano Micro Facility (KNMFi).

MM 18.30 Tue 17:30 P2
Formation porous metal nanosystems under near-equilibrium
condensation conditions in plasma-condensate system —
∙Anna Kornyushchenko1,2, Vyacheslav Perekrestov1, and
Gerhard Wilde2 — 1Sumy State University, Laboratory of Vac-
uum Nanotechnologies, Sumy, Ukraine — 2WestfälischeWilhelms-
Universität, Institute of Materials Physics, Münster, Germany
It is known, that porous structures depending on morphology can pos-
sess unique physical properties which can determine areas of their ap-
plication. In the proposed work a new technique for synthesizing metal
porous micro- and nanostructures has been developed. This approach
is based on the phase transition of sputtered substances into the con-
densed state under conditions close to thermodynamic equilibrium.
The low dimensional metal systems (Cr, Zn, Cu, Ti, Ni, Al) have been
obtained in the different morphological forms, such as network struc-
tures, nanowires, agglomerations of weakly-bound crystals, columnar
structures consisting of prolonged crystals with approximately identi-
cal habitus, etc. The results confirm the important new opportunities
for size, shape and physical property tuning of nanostructured ma-
terials that are given by deposition near thermodynamic equilibrium
conditions. It has been established that the growth mechanism under
conditions close to thermodynamic equilibrium possesses principally
new peculiarities and possibilities in comparison with traditional meth-

ods of condensation from vapor state and consequently can contribute
to a new zone in the structure zone model.

MM 18.31 Tue 17:30 P2
Self-detachment and sub-surface densification of deal-
loyed nanoporous thin films — ∙Gideon Henkelmann1, Di-
ana Waldow1, Maowen Liu1, Lukas Lührs1, and Jörg
Weißmüller1,2 — 1Institute of Materials Physics and Technol-
ogy, Hamburg University of Technology, Hamburg, Germany —
2Institute of Materials Research, Materials Mechanics, Helmholtz-
Zentrum Geesthacht, Geesthacht, Germany
This work highlights experimental observations showing microstruc-
tural gradients at interfaces in nanoporous gold, and it explains those
observations as a consequence of gradients in a laterally averaged mean
curvature of the pore surfaces. Nanoporous gold can be covered by a
densified layer at its external surfaces. Furthermore, as we report,
thin films of the material often spontaneously detach from massive
gold base layers that are intended to enhance adhesion to the sub-
strate. Those phenomena appear intrinsic to the material, as they are
naturally reproduced by our kinetic Monte Carlo (KMC) simulation of
dealloying and of the subsequent microstructure evolution. Our results
suggest that spontaneous densification or decohesion at interfaces may
be generic features of nanoscale porous network materials that evolve
by curvature-driven surface diffusion.

MM 18.32 Tue 17:30 P2
Structural-mechanical property correlation in hierarchical
nanoporous gold — ∙Lukas Riedel1, Shan Shi1,2, Jürgen
Markmann1, and Jörg Weißmüller1,2 — 1Institute of Materi-
als Mechanics, Helmholtz-Zentrum Hereon, Geesthacht, Germany —
2Institute of Material Physics and Technology, Hamburg University of
Technology, Hamburg, Germany
Implementing a structural hierarchy in nanoporous metals has been
demonstrated as an efficient way to achieve lightweight and enhanced
mechanical performance. So far, several aspects of the correlation
between structure and mechanical behavior are not clearly proven.
Here, hierarchical nanoporous gold (HNPG) with tunable ligament
size at each hierarchy level is synthesized out of Ag90Au10 via a
dealloying-coarsening-dealloying strategy. The structural analysis is
conducted with scanning electron microscopy, small-angle X-ray scat-
tering (SAXS) and ultra small-angle X-ray scattering (USAXS). We
demonstrate that SAXS and USAXS are valued as advantageous meth-
ods for the determination of the structural size of HNPG. In particu-
lar, USAXS is very useful for the description of nanoporous structures
with a ligament size of several hundred nanometers. It is observed
that the mechanical behavior of HNPG is highly dependent on the lig-
ament size at both the upper and the lower hierarchy level. Moreover,
HNPG made out of Ag90Au10 shows improved stiffness in comparison
to HNPG made out of Ag93Au7 even though they have similar feature
sizes. The results represent an evidence for the development of the
connectivity during coarsening in relation to the solid fraction.

MM 18.33 Tue 17:30 P2
Hierarchical-structural effect on creep of nanoporous gold —
∙Hansol Jeon1, Shan Shi1,2, Jürgen Markmann1,2, and Erica
Lilleodden3 — 1Helmholtz-Zentrum Hereon, Institute of Materials
Mechanics, 21502 Geesthacht — 2Hamburg University of Technol-
ogy, Institute of Materials Physics and Technology, 21073 Hamburg
— 3Fraunhofer Institute for Microstructure of Materials and Systems,
06120 Halle (Saale)
Nanoporous gold (NPG), a bi-continuous structure composed of lig-
aments and pores, is highly attracting attention in application fields
due to its high surface area and chemical inertness. In addition, hier-
archical nested-network nanoporous gold (N3PG) has been developed
as an even lighter and faster functional material. With respect to me-
chanical properties, the research on the time-dependent deformation
as called creep for NPG and N3PG is scarce while there have many
studies of tension, compression, and nanoindentation. In this study, we
performed compressive creep tests for NPG and N3PG pillars in order
to investigate the creep behavior under control of the electrochemi-
cal potential. We prepared N3PG samples with the same higher-level
ligament size and with different lower-level ligament-sizes and a non-
hierarchical NPG sample according to the higher-level ligament size
so that we analyzed the effect of lower-level ligament-size on N3PG as
well as the effect of the hierarchical structure itself on creep. In ad-
dition, by controlling the electrochemical potential, we controlled the
surface status in order to check on the size effect of the relationship
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between creep behavior and surface state.

MM 18.34 Tue 17:30 P2
Fabrication of hierarchical porous silicon and amorphous sil-
ica by means of silver nanoparticle catalyzed chemical etch-
ing — ∙Stella Gries1,2,3, Manuel Brinker1,2,3, and Patrick
Huber1,2,3 — 1Institute for Materials and X-Ray Physics, Hamburg
University of Technology, 21073 Hamburg, Germany — 2Center for
X-Ray and Nano Science CXNS, Deutsches Elektronen-Synchrotron
DESY, 22607 Hamburg, Germany — 3Center for Hybrid Nanostruc-
tures CHyN, University of Hamburg, 22607 Hamburg, Germany
Many biological tissues and materials exhibit a multiscale porosity
with small, often nanoscale pores as well as large, macrosocpic pores
or capillaries in order to achieve simultaneously large inner surfaces
in combination with an optimized mass transport capability. Achiev-
ing such a hierarchical porosity in artificial porous media is a very
active research field. Here we present a novel approach based on silver
nanoparticle-assisted chemical etching (MACE)of electrochemically
fabricated macroporous silicon for the synthesis of wafer-scale,single-
crystalline silicon with a bimodal pore size distribution. With MACE
macroporous silicon membranes can be porosified into hierarchical
porous silicon (hp-Si). The resulting semiconducting material offers
good hydraulic permeabilities and simultaneously a large inner sur-
face for potential applications in energy harvesting or conversion or
for on-chip sensorics and actuorics. Finally, the hp-Si membranes can
be transformed by thermal oxidation at temperatures above 800∘C to
hierarchical porous amorphous silica a material that could be of par-
ticular interest for opto-fluidic and photonic applications in the visible.

MM 18.35 Tue 17:30 P2
In situ X-ray spectroscopic and scattering studies on the
emergence of CoO nano-assemblies in solution — ∙Cecilia
Zito1, Lukas Grote1,2, Kilian Frank3, Ann-Christin Dippel2,
Patrick Reisbeck3, Krzysztof Pitala4, Kristina Kvashnina5,
Stephen Bauters5, Blanka Detlefs5, Oleh Ivashko2, Pallavi
Pandit2, Matthias Rebber1, Sani Harouna-Mayer1, Bert
Nickel3, and Dorota Koziej1 — 1University of Hamburg, Ger-
many — 2Deutsches Elektronen-Synchrotron, Hamburg, Germany —
3Ludwig-Maximilians-Universität München, Germany — 4AGH, Uni-
versity of Science and Technology, Faculty of Physics and Applied
Computer Science, Krakow, Poland — 5European Synchrotron Ra-
diation Facility ESRF, Grenoble, France
The key to fabricating complex, hierarchical materials is the control of
chemical reactions at various length scales. The classical crystallization
theory is insufficient to properly describe the chemical reaction leading
to monomer formation, the evolution of small primary particles, and
how they assemble into superstructures. Here, we illustrate how the
combination of advanced X-ray spectroscopic and scattering in situ
studies probe length scales all the way from atomic to macroscopic,
and shed light on the formation mechanism of CoO nanocrystal as-
semblies in solution. Utilizing HERFD-XANES, we directly access the
molecular level of the nanomaterial synthesis. We reveal that initially
Co(acac)3 rapidly reduces to square-planar Co(acac)2 and coordinates
to two solvent molecules. Furthermore, we track subsequent structural
changes with in situ total X-ray scattering and atomic pair distribution
function analysis, pinning down the transition from the dissolved Co
complex to crystalline CoO. Ultimately, SAXS uncovers the assembly
process of the crystallites into distinct spherical superstructures. The
concomitant growth and assembly of crystallites into a superstructure
differentiates the investigated pathway from a classical mechanism.
The combination of X-ray spectroscopy and scattering can elucidate
the emergence of assemblies in solution with a broad perspective.

MM 18.36 Tue 17:30 P2
Hierarchical materials mimicking mechanical behaviour of
human bone synthesized by additive manufacturing and deal-
loying. — ∙Aleksandr Filimonov1, Lutz Mädler1,2, and Ilya
Okulov1,2 — 1Faculty of Production Engineering, University of Bre-
men, Badgasteiner Str. 1, 28359 Bremen, Germany — 2Leibniz In-
stitute for Materials Engineering-IWT, Badgasteiner Str. 3, 28359
Bremen, Germany
The close match between the elastic properties of an implant material
and bone is crucial to avoid the stress-shielding effect. Therefore, low
modulus biomaterials are desirable for biomedical implants that ensure
rapid healing of hard tissue. Due to its complex hierarchical structure,
bone features moderate strength similar to some metals and low elastic
modulus like polymers. Implant materials for bone fixation should be

several times stronger compared with that of bone. However, the gen-
eral relation between strength and elastic modulus of man-made ma-
terials suggest that stronger materials typically possess higher elastic
modulus including metals - usual candidates for bone fixation. In this
work, novel hierarchical metal-polymer composite materials ”breaking”
the general trend between strength and elastic modulus were synthe-
sized by additive manufacturing and liquid metal dealloying. The large
digital porosity of metallic scaffold was synthesized by additive manu-
facturing and its fine porosity is a result of materials self-organization
upon dealloying. The results suggest that these novel composite ma-
terials mimicking the structure and mechanical behaviour of bone are
potential candidates for biomedical applications.

MM 18.37 Tue 17:30 P2
Peculiarities of electron transport and resistive switch-
ing in point contacts on TiSe2 and TiSeS. — Dmytro
Bashlakov1, ∙Oksana Kvitnitskaya1, Yuliia Shemerliuk2,
Saicharan Aswartham2, Dmitri Efremov2, Bernd Büchner2,3,
and Yurii Naidyuk1 — 1B. Verkin Institute for Low Tempera-
ture Physics and Engineering, NAS of Ukraine, Kharkiv, Ukraine
— 2Institute for Solid State Research, IFW Dresden, Dresden, Ger-
many — 3Institut für Festkörper- und Materialphysik and Würzburg-
Dresden Cluster of Excellence ct.qmat, Technische Universität Dres-
den, Dresden, Germany
We report resistive switching in voltage biased point contacts (PCs)
based on the transition metals chalcogenides TiSe2 and TiSeS. The
switching is taking place between a low resistive *metallic-type* state
and a high resistive *semiconducting-type* state by applying bias volt-
age (<0.4V), while reverse switching takes place by applying voltage
of opposite polarity. The difference in resistance between these two
states can reach of about two orders of magnitude at helium temper-
ature. The origin of the effect can be attributed to the electric field
induced change of stoichiometry in PC core due to drift of Se vacan-
cies. Additionally, we demonstrated, that heating takes place in PC
core, which can facilitate the electric field induced effect. At the same
time we did not found any evidence for CDW spectral features in our
PC spectra for TiSe2. The observed resistive switching allows to pro-
pose TiSe2 and TiSeS as the promising materials, e.g., for non-volatile
resistive random access memory (ReRAM) engineering.

MM 18.38 Tue 17:30 P2
Electron-phonon interaction and point contact enhanced su-
perconductivity in trigonal PtBi2 — Dmytro Bashlakov1,
∙Oksana Kvitnitskaya1, Grigory Shipunov2, Saicharan
Aswartham2, Oleg Feya2,3, Dmitri Efremov2, and Bernd
Büchner2,4 — 1B. Verkin Institute for Low Temperature Physics
and Engineering, NAS of Ukraine, Kharkiv, Ukraine — 2Institute
for Solid State Research, IFW Dresden, Dresden, Germany — 3Kyiv
Academic University, Kyiv, Ukraine — 4Institut für Festkörper- und
Materialphysik and Würzburg-Dresden Cluster of Excellence ct.qmat,
Technische Universität Dresden, Dresden, Germany
PtBi2 is a Weyl semimetal, which demonstrates superconductivity with
low critical temperature Tc ~ 0.6 K in the bulk. Here, we report our
study of electron-phonon interaction (EPI) in trigonal PtBi2 by the
Yanson point contact (PC) spectroscopy and presenting the observa-
tion of PC enhanced superconductivity. We show, that the Yansons
PC spectra display a broad maximum around 15 meV, indicating, ap-
parently, EPI mechanism of Cooper pairing in PtBi2. Moreover, we
discovered a substantial increase of Tc up to ~ 3.5 K in PCs. The
observed Tc is sufficiently higher than the bulk value, as well as de-
tected at hydrostatic pressure. We calculated the phonon density of
states and Eliashberg EPI function in PtBi2 within the framework of
the density functional theory. A comparison of experimental data with
theoretical calculations showed acceptable agreement. The theoretical
Tc is 3.5 K, which corresponds to the experimental value.

MM 18.39 Tue 17:30 P2
Quantification of intrinsic surface charges on MgO nanocubes
using off-axis electron holography — ∙Yan Lu1,2, Fengshan
Zheng1, Qianqian Lan1, Michael Schnedler1, Philipp Ebert1,
and Rafal E. Dunin-Borkowski1 — 1Ernst Ruska-Centre for Mi-
croscopy and Spectroscopy with Electrons (ER-C 1) and Peter Grün-
berg Institute (PGI 5), Forschungszentrum Jülich, Jülich, Germanz —
2Beijing Key Lab and Institute of Microstructure and Properties of
Advanced Materials, Beijing University of Technology, Beijing, China
Metal oxide nanoparticles exhibit outstanding catalytic properties, be-
lieved to be related to the presence of oxygen vacancies at the particle
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surface. However, little quantitative is known about concentrations
of point defects inside and on surfaces of these nanoparticles due to
the challenges in achieving an atomically resolved experimental access.
By employing off-axis electron holography, we demonstrate exemplar-
ily using MgO nanoparticles as a methodology, which allows us to
discriminate between mobile charges induced by electron beam irra-
diation and immobile charges associated with deep traps induced by
point defects as well as distinguish between bulk and surface point de-
fects. Counting the immobile charges provides a quantification of the
concentration of F2+ centers induced by oxygen vacancies at the MgO
nanocube surfaces.

MM 18.40 Tue 17:30 P2
3D Printed One Piece Surface Alteration Sensor with Gal-
vanic Isolation — ∙Michael Feige and Sonja Schöning — Biele-
feld Institute for Applied Materials Research (BIfAM), Bielefeld Uni-
versity of Applied Sciences, Department of Engineering Sciences and
Mathematics
More recently it is possible to combine conductive and non-conductive
materials in one 3D print process. This allows printing of complex
structures like PCBs, 3D coils, transformers, capacitors or high fre-
quency components like antennas or transmission lines. Furthermore
it is possible to combine those components to build highly specialized
sensors in one production step.

We developed a concept for a sensor which, in its specialized form,
could be used for detection of mechanical, chemical or biological alter-
ation of surfaces such as abrasion, material degradation or separation.
The detection method is based on an electrical, inductive readout while
maintaining a sufficient galvanic isolation between the sensing area and
the readout circuit.

In this contribution an actual sensor device capable of detecting
corrosion is presented, which was designed, printed and tested with
successful results. The sophisticated design outweighs the lack of
high electrical conductivity and high magnetic permeability within the
range of printable materials by the ability of the printer to precisely
integrate the conductive material into the insulating material.

MM 18.41 Tue 17:30 P2
A first study on the current-controlled flash sintering exper-
iments on 3YSZ-Ni composites — ∙Pranav Rai and Devinder
Yadav — Department of Metallurgical and Materials Engineering, In-
dian Institute of Technology Patna, Bihta, Patna 801106, India
Flash sintering involves densification of ceramic bodies in few seconds
at relatively low furnace temperatures. The normal flash sintering ex-
periments are characterized by a non-linear rise is the electrical conduc-
tivity of the sample. In the present work, flash sintering experiments
were conducted in the current-controlled mode where the current is
made to increase linearly through the sample at a constant rate. The
sample sinters progressively as the current increases. Composites of
3YSZ and Ni, with different Ni contents (5wt.%, 10wt.%, and 20wt.%)
were flash sintered at a constant current rate of 600 mA/min with a
target current density of 100 mA/mm2, at a furnace temperature of
900∘C. The total span of the experiments was 50 s. The extent of
densification decreased with increase in Ni content. In addition, the
samples with higher Ni content started to densify at a higher current
density. XRD revealed oxidation of Ni in all the samples, post flash
sintering. However, complete oxidation of Ni to NiO in conventional

sintering of the same composites occurred at 1450∘C after a hold time
of 2 hours. The flash sintered microstructure of 3YSZ phase was char-
acterized by relatively fine grains with narrow grain size distribution.
The 3YSZ-20Ni samples exhibited a microstructure with percolating
network of the NiO phase. The processed samples can have possible
applications in designing the anode materials for solid oxide fuel cells.

MM 18.42 Tue 17:30 P2
Electrospun Electroluminescent CsPbBr3 Fibers: Flexible
Perovskite Networks for Light-Emitting Application — ∙Khan
Lê1, Florian von Toperczer2, Feray Ünlü1, Thomas Fischer1,
Klas Lindfors2, and Sanjay Mathur1 — 1Institute of Inorganic
Chemistry, University of Cologne, Greinstr. 6, 50939 Cologne, Ger-
many — 2Institute of Physical Chemistry, University of Cologne, Gre-
instr. 4-6, 50939 Cologne, Germany
Organic-inorganic and all-inorganic lead halide perovskites (APbX3)
have continuously attracted research interest and went through sig-
nificant improvements towards highly efficient photovoltaic technolo-
gies and LEDs. Most lead-halide perovskite devices are based on
thin films or quantum dots while reports on alternative morphologies
are scarce. We prepared CsPbBr3@polymer composite nanofibers by
one-step electrospinning and characterized them by scanning electron
microscopy, transmission electron microscopy, X-ray diffractometry,
UV/vis and photoluminescence spectroscopy. As a proof-of-concept,
we subsequently integrated the fiber mats as active layers in electri-
cally driven light emitting devices. While the synthesis of perovskite
nanofibers is not new, to the best of our knowledge we would be
the first to report on electroluminescence of such fibers. In addi-
tion, all preparations were conducted under ambient atmosphere and
the perovskite precursor ink was prepared with low toxicity solvents
(H2O/EtOH/ionic liquid). This work could pave the way towards cost
effective and flexible optoelectronic fiber- or yarn-based lead-halide
perovskite devices by an up-scalable method.

MM 18.43 Tue 17:30 P2
Raman spectra of Arsenopyrite: Experiment and Theory —
∙Nebahat Bulut1, Ayberk Özden1, Cameliu Himcinschi1, Este-
ban Zuniga Puelles2, Roman Gumeniuk2, and Jens Kortus1 —
1TU Bergakademie Freiberg, Institute of Theoretical Physics — 2TU
Bergakademie Freiberg, Institute for Experimental Physics, Germany
Arsenopyrite (FeAsS) is a semiconductor with a small bandgap and a
common source for arsenic (As) mineral. Chemical and structural in-
formation on this material is still of interest. The crystal structure is,
monoclinic with space group P21/c, derived from orthorhombic marc-
asite (FeS2) [1]. Here we present a combined experimental and theo-
retical study on the vibrational properties of arsenopyrite, which have
to our knowledge not yet been reported. Raman spectra have been
recorded experimentally by means of a LabRam HR800 spectrome-
ter from HORIBA Jobin Yvon using 633 nm laser as the excitation
source. Additionally, Raman spectra were calculated using Quantum
Espresso [2] with norm-conserving pseudopotential and PZ exchange-
correlation functional. The comparison of experimental and theoretical
data shows good agreement and allows for symmetry assignment of the
Raman peaks.

[1] Bindi, L.; Moelo, Y.; Leone, P.; Suchaud, M. Can. Mineral. 50,
471*479 (2012).

[2] P. Giannozzi et al., J.Phys. Condens. Matter 21, 395502 (2009)

MM 19: Invited Talk Fritz Körmann

Time: Wednesday 9:30–10:00 Location: H44

Invited Talk MM 19.1 Wed 9:30 H44
High-Entropy Alloys: Materials design in high dimensional
chemical space from ab initio thermodynamics — ∙Fritz Kör-
mann — Max-Planck-Institut für Eisenforschung GmbH, D-40237
Düsseldorf, Germany — Materials Science and Engineering, Delft Uni-
versity of Technology, 2628 CD, Delft, The Netherlands
A well-targeted design of modern alloys such as high entropy alloys
(HEAs) is extremely challenging due to their immense composition
space. In this talk I will discuss recent advances in fully parameter-
free ab initio calculations combining advanced statistical concepts and
machine learning techniques. These novel techniques allow to compu-
tationally identify favorable composition islands in the high dimension
chemical phase space solely on the computer. Using this approach,

various mechanisms and concepts proposed in the literature have been
tested: Besides lattice distortions, stacking-fault energies (SFEs) have
been successfully used as a descriptor to link atomistic simulations
to the macroscopic deformation mechanisms that are behind the su-
perior mechanical performance. Interstitial alloying with C reveals,
e.g., large fluctuations in solution energies depending on the specific
local chemical environment and its impact on SFEs can be even qual-
itatively different depending on alloy composition. We also discuss
BCC-HCP stability as promising descriptor to identify mechanically
appealing refractory HEAs and the critical role of lattice distortions
therefore. Based on these computationally highly expensive computa-
tions easy-to-use materials design rules will be derived and discussed
for the various examples.
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MM 20: Computational Materials Modelling: HEA, Alloys & Nanostructures

Time: Wednesday 10:15–13:00 Location: H44

MM 20.1 Wed 10:15 H44
Microstructural evolution of severely deformed nanocom-
posite high entropy alloys irradiated by swift heavy ions
— ∙Shabnam Taheriniya1, Christian Gadelmeier2, Harald
Rösner1, Martin Peterlechner1, Christoph Gammer3, Mar-
ilena Tomut1,4, Sergiy V. Divinski1, Uwe Glatzel2, and Ger-
hard Wilde1 — 1Institute of Materials Physiks, University of
Münster, Germany — 2Metals and Alloys, University of Bayreuth,
Bayreuth, Germany — 3Erich Schmid Institute of materials Science,
Austrian Academy of Science, Leoben, Austria — 4GSI Helmholtz
Center for Heavy Ion Research, Darmstadt, Germany
Structural modifications induced by the processing of high entropy al-
loys (HEAs) under non-equilibrium conditions are investigated to shed
light into the stability of such advanced materials. The nanocompos-
ite HEAs are produced by the room-temperature high pressure torsion
(HPT) of stacked single-phase equiatomic FCC CoCrFeMnNi (Can-
tor) and BCC HfNbTaTiZr (Senkov) alloys. Solely Cantor and Senkov
alloys were HPT-processed under the similar conditions, too. Cross-
sections of the HPT-processed disks were subjected to high fluences
of Au swift-heavy-ion irradiation at ambient and cryogenic tempera-
tures. Deformation and irradiation-induced microstructural changes
were examined in detail applying scanning and transmission electron
microscopies with respect to evolution of chemical composition and
local microstructure. A combination of nano-beam diffraction with
angular correlation was utilized to provide information about the re-
solved crystal structures and strain fields in the different HEA phases.

MM 20.2 Wed 10:30 H44
Impact of high-pressure torsion and post-deformation anneal-
ing on CoCrFeMnNi high-entropy alloy with carbon content
— ∙Sandra Hecht, Sergiy V. Divinski, and Gerhard Wilde —
Institute of Materials Physics, University of Münster, Münster, Ger-
many
The well-known Cantor alloy CoCrFeMnNi provides attractive me-
chanical properties and strength-ductility combinations, which can be
improved by further alloying of small amounts of carbon.

In the present work, the impact of high-pressure torsion (HPT) and
post-deformation annealing on equiatomic Cantor alloy and nearly-
equiatomic (C alloyed (4.4 at.%)) Cantor alloy, produced via arc-
melting and subsequent homogenization at 1373 K for 3 days un-
der pure Ar, is examined. The thermal, mechanical and microstruc-
tural properties of the initially coarse-grained samples were investi-
gated before and after deformation at room temperature (5 rotations
at 8 GPa) and afterwards post-deformation annealing treatments us-
ing differential-scanning calorimetry (DSC), X-ray diffraction (XRD),
scanning and transmission-electron microscopy (SEM & TEM) as well
as micro-hardness measurements. Impact of the interstitial carbon
and in particular the carbides Cr23C6 on the mechanical response and
microstructure evolution is examined.

MM 20.3 Wed 10:45 H44
Phase Stability and Ordering in Ta-Mo-Cr-Ti-Al Refractory
High Entropy Alloys — ∙Yilun Gong1, Alexander Shapeev2,
Fritz Koermann1,3, and Joerg Neugebauer1 — 1Max-Planck-
Institut für Eisenforschung GmbH, Germany — 2Skolkovo — 3Delft
University of Technology, The Netherlands
Predictive capabilities of phase stability and ordering in multi-
component systems are critical to designing better alloys. This is par-
ticularly important for properties which are difficult to be quantified
by traditional experimental techniques.

In the present work, a class of body-centered-cubic (bcc) refrac-
tory high entropy alloys was studied. In contrast to its superior high-
temperature behaviour, it shows less-satisfying ductility below 600 ∘C.
As origin of the poor mechanical performance long-range B2-ordering
at low temperatures has been proposed but is still controversially dis-
cussed due to contradicting experimental findings. To predict and
to quantify the temperature-dependent stable structure, we employed
on-lattice machine-learning interatomic potentials (namely low-rank
potentials). This type of potentials is capable of accurately describing
chemical interactions in multi-component systems used in subsequent
Monte Carlo simulations. Systematic studies of training qualities, sta-
tistical uncertainties and impact of local lattice distortions were con-

ducted. Computed ordering sequence, site occupancies, short-range
order parameters and alloying with interstitial O will be discussed.

MM 20.4 Wed 11:00 H44
Stabilities and Mechanical Properties of Mg-based
Light Metal Multi-Principal Alloys — ∙Wernfried Mayr-
Schmölzer1, Johannes Kirschner2, Clemens Simson4,
Christoph Eisenmenger-Sittner2, Johannes Bernardi3, and
Gregor Vonbun-Feldbauer1 — 1Institute of Advanced Ceram-
ics, TU Hamburg — 2Institute of Solid State Physics, TU Vienna
— 3USTEM, TU Vienna — 4LKR, Austrian Institute of Technology
GmbH
Compositionally Complex Alloys (CCAs) consist of four or more el-
ements alloyed in approximately equal fractions and often crystallize
in a simple crystal lattice. In many cases, their mechanical properties
like structural stability or ductility exceed that of common modern
alloys. Usually, they mainly contain heavy d-Orbital metals, and in-
vestigations into low density light metal CCAs have been rare due to
the complex binding modes of their constituents.

We use both a Cluster Expansion approach with stochastic pre-
screening steps and neural network based pair potentials to scan the
large configuration space of the Mg-Al-Cu-Zn system for stable phases.
Training data was generated using DFT calculations implemented in
the VASP code. In conjunction with experiments, we find that addition
of Cu into the Al-Mg-Zn system inhibits phase separation by forma-
tion of a stable cubic phase, reflected in an increase of the calculated
bulk modulus. Furthermore, we evaluate the predictive power of these
screening methods and their ability to provide insights into simulation
of physical properties of these complex multicomponent alloys.

MM 20.5 Wed 11:15 H44
In-situ Nanoalloying by Laser Powder Bed Fusion: Molec-
ular Dynamics Simulations of Cantor-Alloy Formation in
a Powder Blend — ∙Yulia Klunnikova1, Arne J. Klomp2,
and Karsten Albe3 — 1klunnikova@mm.tu-darmstadt.de —
2klomp@mm.tu-darmstadt.de — 3albe@mm.tu-darmstadt.de
Laser powder bed fusion (LPBF) is an additive manufacturing tech-
nology involving a gradual build-on of layers to form a complete com-
ponent typically starting with prealloyed particles. Alternatively, one
can also start with a power blend and initiate in-situ alloying by the
laser beam. In this context, multi-component systems, including high
entropy alloys, are of particular interest. In this contribution we show
results of molecular dynamics simulations of high-entropy nanoalloys
formed by LBPF. We use the Cantor alloy as model system and explore
the possibility to create the FeCrCoMnNi alloy from powder blends
under far-from-equilibrium conditions and compare to the case of pre-
alloyed nanopowders. By varying parameters (temperature field, melt
pool, substrate type, etc.) we explore the correlation to microstruc-
tural features. In the case of the powder blend the elemental compo-
nents mix in the liquid phase and solidify partially in crystalline and
glassy states. Depending on the parameters of the laser (irradiation
temperature, laser spot size) we see varying amounts of crystal defect,
such as stacking faults, twinning, and vacancies. The results show
that the resulting structures are delicately depending on the interplay
of laser parameters, heat transport, interdiffusion and geometric fac-
tors. We acknowledge the NHR4CES for the computing time.

15 min. break

MM 20.6 Wed 11:45 H44
Phase stability and formation energies of stacking faults in
intermetallic Mg𝑥Al2−𝑥Ca Laves phases — ∙Ali Tehranchi,
Tilmann Hickel, and Jörg Neugebauer — Max Planck institute
for Iron research, Max Planck Straße 1, 40237 Düsseldorf
The intermetallic Laves phases that form in Mg-based alloys at higher
alloying concentrations have a significant impact on their mechanical
properties. For example, they can enhance the creep resistance of the
alloys and extend their application to higher temperature domains.
However, the mechanisms of deformation of these phases are not fully
understood. In this work, at first the formation energies of the differ-
ent realizations of C14, C15, and C36 Laves phases in the composition
domain, Mg𝑥Al2−𝑥 with 0<x<2, using the ab initio simulations is
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calculated. Using these formation energies, the phase diagram of the
phases of interest is constructed. The effect of the strain fields on the
relative stability of these phases is included. In addition, using the
analytic Axial Next-Nearest Neighbor Ising (ANNNI) type model, the
basal stacking faults in each phase and composition are calculated.
The results of the analytic models are in good accordance with the
results of the direct DFT simulations of the stoichiometric stacking
faults. The gamma surface of certain realizations of the C36 phase
is also investigated and explain the experimentally observed planar
defects in the C36 phase.

MM 20.7 Wed 12:00 H44
Rational design of bimetallic nanoparticles — ∙Samuel
Baltazar1,2, Javier Rojas1,2, Pamela Sepulveda2, and Rafael
Freire2 — 1Physics Department, Universidad de Santiago de Chile,
Chile — 2Center for the development of Nanoscience and Nanotech-
nology, Universidad de Santiago de Chile, Chile
The study of bimetallic nanoparticles (BNP) has recently attracted
increasing attention from researchers worldwide due to their potential
for technological applications in the electronic and environment fields.
This study will be carried out through a theoretical framework to iden-
tify the fundamental atomic-scale mechanisms for BNP such as FeCu,
AgCu, and FeNi. It is therefore necessary to determine the structural,
electronic, and magnetic properties of the nanostructures with two or
more elements, where the interplay between both metallic elements
can be used to limit the oxidation of iron or the electron transfer be-
tween elemnts. This can be done based on some of the characteristics
of these systems, such as (i) the surface-volume ratio, (ii) the shape
of nanoparticles as an interesting aspect due to the physico-chemical
properties at their surface, (iii) Concentration and (iv) distribution of
elements. We performed molecular dynamics simulations under the
NVT canonical ensemble to further deepen our study. The results
pointed out that AgCu and FeNi BNP with a core shell and janus like
morphologies are some of the most stable configurations, with a com-
petition between them for FeCu as a function of the concentration and
size of each element. These results were compared with experimental
data for BNP, evidencing a good agreement among these approaches.

MM 20.8 Wed 12:15 H44
Atomic cluster expansion for the Ag-Pd system — ∙Yanyan
Liang, Matous Mrovec, Yury Lysogorskiy, and Ralf Drautz
— ICAMS, Ruhr-Universität Bochum, Germany
Alloys of noble metals, such as silver and palladium, have been regain-
ing attention in recent years due to their importance in nanotechnology
and catalysis. However, for the binary Ag-Pd system reliable and ef-
ficient interatomic potentials that provide an accurate description of
structural and thermodynamic properties are lacking. In this work, we
developed a new atomic cluster expansion (ACE) parametrization for
both elements Ag and Pd as well as their binary compounds by fitting
to a large training set of ab initio data. The resulting ACE poten-
tial provides an accurate description for a wide range of fundamental
properties, including the equations of states of various phases, elastic
moduli, phonon frequencies, transformation paths, and defect energies.
The excellent computer efficiency and linear scaling of ACE enable to

carry out large-scale molecular dynamics and Monte Carlo simulations
to evaluate complex phenomena, such as thermal expansion, melting,
diffusion and phase diagrams. Examples of these simulations will be
provided to demonstrate the outstanding predictive power of ACE.

MM 20.9 Wed 12:30 H44
Atomistic modelling of hybrid organic-inorganic nanocom-
posites — Kai Sellschopp1, Wernfried Mayr-Schmölzer1,
Robert Meißner2, and ∙Gregor Vonbun-Feldbauer1 —
1Institute of Advanced Ceramics, TU Hamburg, Germany — 2Institute
of Polymers and Composites, TU Hamburg, Germany
Novel hybrid materials like supercrystalline nanocomposites from
nano-building blocks promise excellent properties and functions for
diverse applications. One realization are inorganic nanoparticles (NP)
from transition-metal oxides which are functionalized with organic lig-
ands and then assembled on different levels of hierarchy. In this contri-
bution atomistic modelling based on density functional theory (DFT)
calculations is used to shed light on the first level of hierarchy. Partic-
ularly, the interfacial properties of different ligands and effects in the
interphase between the NP are addressed. For modelling interfaces,
the configuration space is a challenge and here the program CodeRed
(Configuration space determination and Reduction) is presented which
allows to sample the adsorption configuration space and to select con-
figurations as input for DFT calculations using unsupervised machine
learning approaches. The results are further facilitated to obtain me-
chanical properties using DFT, and as input for molecular dynamics
simulations as a first step towards multi-scale modelling to allow for
an accurate description of larger and more complex systems.

MM 20.10 Wed 12:45 H44
Ab initio investigation of Mg alloy corrosion in water — ∙Jing
Yang, Mira Todorova, and Jörg Neugebauer — Max-Planck-
Insitut für Eisenforschung GmbH, Düsseldorf, Germany
Magnesium alloys have great potential as structural materials for the
automotive and aerospace industries, as well as bio-implants due to
their low density and non-toxic nature. However, intrinsically poor
ductility and poor corrosion resistance limit their practical applica-
tion. In this work, we focus on the solid solution of Al and Ca in
Mg, an alloying system which has shown improved ductility and cor-
rosion resistance. In particular, we elucidate the effect of Al and Ca
alloying on the aqueous corrosion process of Mg metal by ab initio
molecular dynamics simulation of the metal/water system. We ana-
lyze the segregation behavior of the alloying elements, their impact
on the interfacial water structure and dynamics, and the subsequent
implication on corrosion kinetics. By combining our DFT calculations
with thermodynamics, we construct interface phase diagrams for the
Mg-Al-Ca system to elucidate the influence of the environment on sur-
face structure and composition. We consider both implicit and explicit
water calculations, which allows us to analyze the impact the water-
modelling approach has on the constructed interface phase diagrams.
We show that such ab initio molecular dynamics studies strongly im-
prove our understanding on microscopic corrosion processes at realistic
conditions.

MM 21: Transport in Materials: Thermal transport

Time: Wednesday 10:15–13:00 Location: H45

MM 21.1 Wed 10:15 H45
Computational modeling of extremely anisotropic van der
Waals thermal conductors — Shi En Kim1, Fauzia Mujid1,
Akash Rai2, ∙Fredrik Eriksson3, Joonki Suh1, Preeti Poddar1,
Ariana Ray4, Chibeom Park1, Erik Fransson3, Yu Zhong1,
David A. Muller4, Paul Erhart3, David G. Cahill2, and Ji-
woong Park1 — 1Uni. of Chicago, USA. — 2Uni. of Illinois UC,
USA. — 3Chalmers, Sweden. — 4Cornell Uni., USA.
Materials with thermal conduction anisotropy can provide innovative
thermal management strategies in integrated circuits. However, arti-
ficially engineered material lacks the anisotropy ratios seen in nature.
Here, we report extremely anisotropic thermal conductors based on
large-area van der Waals thin films with random interlayer rotations,
which produce a room-temperature thermal anisotropy ratio close to
900 in MoS2, one of the highest ever reported. This is enabled by the

interlayer rotations that impede the through-plane conductivity, while
the long-range intralayer crystallinity maintains high in-plane onduc-
tivity. In this contribution we will present the computational analysis
of the measured ultralow thermal conductivities in the through-plane
direction for MoS2 (57 ± 3 mW m−1 K−1). Using molecular dynam-
ics simulations we quantitatively explain these values and reveal a
one-dimensional glass-like thermal transport. Conversely, the in-plane
thermal conductivity in these MoS2 films is close to the single-crystal
value. Our work establishes interlayer rotation in crystalline layered
materials as a new degree of freedom for engineering-directed heat
transport in solid-state systems. Nature 597, 660-665 (2021)

MM 21.2 Wed 10:30 H45
Searching and Finding Thermal Insulators via ab initio
Green-Kubo Simulations — ∙Florian Knoop1,2, Thomas A.R.
Purcell1, Matthias Scheffler1, and Christian Carbogno1 —
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1The NOMAD Laboratory at the FHI-MPG and HU, Berlin, Germany
— 2Department of Physics, Chemistry and Biology (IFM), Linköping
University, Sweden
We present a first-principles search for thermal insulators in mate-
rial space, covering hundreds of compounds in seven space groups,
including simple rocksalt and zinc blende structures up to complex
perovskites. Using the high-throughput framework FHI-vibes [1] and
a recently developed measure for the strength of anharmonicity, [2] we
identify 120 experimentally known materials with potential for ultra-
low thermal conductivity <2 W/mK at room temperature, i.e., com-
parable to those of thermoelectrics such as SnSe. For the 60 most
promising candidates, we perform non-perturbative, fully anharmonic
ab initio Green-Kubo simulations [3] to include all anharmonic effects.
Besides revealing seven ultra-insulating compounds, these calculations
shed light on the importance of strong anharmonic effects not acces-
sible in perturbative phonon formalisms, e.g., short-lived metastable
configurations and precursors of phase transitions.
[1] F. Knoop et al., J. Open Source Softw. 5, 2671 (2020).
[2] F. Knoop et al., Phys. Rev. Mater. 4, 083809 (2020).
[3] C. Carbogno, R. Ramprasad, and M. Scheffler, Phys. Rev. Lett.
118, 175901 (2017).

MM 21.3 Wed 10:45 H45
A spatially resolved optical method to measure thermal dif-
fusivity — ∙Fei Sun1, Simli Mishra1, Philippa H McGuinness1,
Zuzanna h Filipiak1, Igor Markovic1, Dmitry A Sokolov1,
Naoki Kikugawa2, Joseph W Orenstein3,4, Sean A Hartnoll5,
Andrew P Mackenzie1,6, and Veronika Sunko1,3 — 1Max Planck
Institute, CPfS, Dresden, Germany — 2NIMS, Ibaraki, Japan — 3UC
Berkeley, California, USA — 4LBNL, California, USA — 5Univ. of
Cambridge, Cambridge, UK — 6Univ. of St Andrews, St Andrews,
UK
We introduce an optical method to directly measure thermal diffusiv-
ity across a broad range of temperatures. Two laser beams are used,
one as a source to locally modulate the temperature, and the other
as a probe of the reflectivity. Thermal diffusivity is obtained from
the phase delay between two beams. Combining the technique with
a microscope setup allows for spatially resolved measurements. The
in-plane diffusivity can be obtained when overlapping the two laser
beams instead of separating them in the traditional way, which fur-
ther enhances the spatial resolution. We demonstrate on two ruther-
nates: Sr3Ru2O7 and Ca3Ru2O7. The spatial resolution allowed us to
study the diffusivity in single domains of the latter, and we uncovered
a temperature-dependent in-plane diffusivity anisotropy. Finally, we
used the enhanced spatial resolution to study the Ti-doped Ca3Ru2O7.
We observed large variations of transition temperature over the same
sample, originating from doping inhomogeneity, and pointing to the
power of spatially resolved techniques in accessing inherent properties.

MM 21.4 Wed 11:00 H45
Investigation of temperature dependent thermal transport
in Sr2RuO4 and Sr3Ru2O7 over a wide temperature range
— Fei Sun1, ∙Simli Mishra1, Ulrike Stockert1, Ramzy Daou2,
Naoki Kikugawa3, Robin S Perry4, Sean A Hartnoll5, Andrew
P Mackenzie1,6, and Veronika Sunko1,7 — 1Max Planck Institute
- CPfS, Dresden, Germany — 2CRISMAT,ENSICAEN, UNICAEN,
Normandie Université, Caen, France — 3NIMS, Ibaraki , Japan —
4LCN, University College London, London, UK — 5DAMTP, Uni-
versity of Cambridge, Cambridge, UK — 6School of Physics and As-
tronomy, University of St. Andrews, UK — 7Department of Physics,
University of California, Berkely, USA
We use optics to study thermal transport by modifying a typical laser
pump-probe technique. A direct measurement of thermal conductiv-
ity is very challenging at high temperatures. In contrast, our method
measures temperature dependent diffusivity over a wide range of tem-
perature (10K up to 330K). As thermal diffusivity is the ratio of the
thermal conductivity to the heat capacity, we can access the higher
temperature thermal conductivity by an optical measurement of dif-
fusivity and standard heat capacity measurement. We have used this
technique to measure thermal diffusivity of two strongly correlated
metals, Sr2RuO4 and Sr3Ru2O7. This temperature dependent ther-
mal transport combined with the resistivity measurements offers an
insight into the electronic and phononic contributions to the quasipar-
ticle scattering.

MM 21.5 Wed 11:15 H45
Simultaneous measurement for the complete characterization

of thermoelectric materials - real experiment and its digi-
tal twin — ∙Severin Kopatz1, Eckhard Müller1,2, and Pawel
Ziolkowski1 — 1Institute of Materials Research, German Aerospace
Center, Cologne, Germany — 2Institute of Inorganic and Analytical
Chemistry, Justus Liebig University Gießen, Gießen, Germany
Thermoelectric (TE) materials directly convert thermal energy into
electric energy. Their efficiency depends on the figure of merit zT (zT
= 𝑆2𝜎/𝜅). Commonly, the individual transport properties, mainly the
electrical conductivity (𝜎), the Seebeck coefficient (𝑆), and the thermal
conductivity (𝜅) are measured in separate measurement set-ups. Here,
we report on the ’Combined ThermoElectric Measurement’ (CTEM)
apparatus, which provides temperature-dependent measurements of
the aforementioned transport properties on a single TE sample such as
Co-doped FeSi2 simultaneously. The measurements are carried out in
a temperature range between room temperature and 600 ∘C. Since ex-
perimental CTEM results deviate from reference values, we introduce
a digital twin of the CTEM. In combination with the real experiment,
the numerical model allows to study possible error sources. One of the
examples discussed in this talk concerns radiative effects which have to
be considered especially at high temperatures above 300 ∘C and affect
the measurement of the thermal conductivity in particular.

15 min. break

MM 21.6 Wed 11:45 H45
Appearance of non-equilibrium grain boundaries in ad-
ditively manufactured high-entropy CoCrFeMnNi alloy —
∙Nuri Choi1,2, Vladislav Kulitckii1, Josua Kottke1, Bengü
Tas1, Jungho Choe3, Ji Hun Yu3, Sangsun Yang3, Joo Hyun
Park2, Jai Sung Lee2, Gerhard Wilde1, and Sergiy Divinski1

— 1Institute of Material Physics, University of Münster, Germany —
2Dep. of Mat. Sci. & Chem. Eng., Hanyang University, South Korea
— 3Center for 3D Printing Materials Research, KIMS, South Korea
Additive manufacturing process with laser melting includes the repeti-
tive melting/solidification, which generates residual thermal stresses in
the bulk material, alongside with creation of various defects, including
point defects, dislocations and numerous grain boundaries. How far
the kinetic properties of these interfaces are modified by the process-
ing remains an open issue, that is of fundamental importance for such
phenomena as creep, phase transformation and precipitation. In the
present study, grain boundary diffusion in additively manufactured
CoCrFeMnNi high-entropy alloys is measured using the radiotracer
technique. Since the additive manufacturing results in a hierarchical
microstructure, grain boundary diffusion is examined in different sam-
ples prepared via different scan/build strategies. A non-equilibrium
state of a fraction of high-angle grain boundaries is discovered. The
non-equilibrium state is shown to relax after annealing at low temper-
atures without measurable microstructural changes. The grain bound-
ary diffusivities of the 3D printed alloys are discussed with respect to
those for fully homogenized cast or severe plastically deformed alloys.

MM 21.7 Wed 12:00 H45
Grain boundary diffusion and segregation of Cr in high-purity
Ni bi-crystals with a Σ11 grain-boundary — ∙D. Gaertner1,
S. V. Sevlikar1, G. M. Muralikrishna1, D. Cozlin2, D. Irmer2,
D. Schreiber3, B. Tas1, M. Vaidya1, T. Brink4, V. E. Esin2,
C. Duhamel2, G. Dehm4, V. Razumoskii3, G. Wilde1, and S.
V. Divinski1 — 1Institute of Materials Physics, University of Mün-
ster, Münster, Germany — 2MINES ParisTech, PSL University, Centre
des Matériaux, Évry, France — 3Materials Center Leoben Forschung
GmbH (MCL), Austria — 4Max-Planck-Institut für Eisenforschung
GmbH, Düsseldorf, Germany
Grain-boundary diffusion of Cr in a Ni near Σ11(113)[110] bi-crystal
is measured in an extended temperature interval between 503 K and
1303 K using the radiotracer technique. The grain boundary diffusion
coefficients, 𝐷gb, and the triple products, 𝑃 are determined in the
C- and B-type kinetic regimes, observing a strong deviation from the
otherwise linear Arrhenius-type temperature dependence above 1000
K. The present results substantiate that the segregation factor of Cr
in Ni is about unity, being in agreement with the preliminary findings
in polycrystalline counterparts measured by SIMS and are fully sup-
ported by DFT-based calculations. Extensive MD simulations with
empirical interatomic potentials substantiate an extreme stability of
the Σ11 grain-boundary structure in Ni from 0 K up to melting point.
The non-linear Arrhenius temperature dependence is interpreted in
terms of pronounced anharmonic contributions to defect formation at
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elevated temperatures.

MM 21.8 Wed 12:15 H45
grain boundary melting phase transition in Ni-Bi system
— ∙Baixue Bian1, Boris Straumal2, Sergiy Divinski1, and
Gerhard Wilde1 — 1Institute of Materials Physics, University
of Münster, Wilhelm-Klemm-Str. 10, 48149 Münster, Gemany —
2Chernogolovka
Grain boundary segregation may drastically decrease the strength of
structural materials. The intermediate temperature embrittlement of
Ni-based alloys is a classical example of a catastrophic matrix degrada-
tion caused by solute segregation, in particular by Bi. In this work, the
impact of grain boundary segregation of Bi in dilute polycrystalline Ni-
Bi alloys on Ni grain boundary diffusion was systematically studied as
function of temperature and composition. The radiotracer technique
was used applying the 63Ni radioisotope and measuring grain bound-
ary diffusion in both B- and C-type kinetic regimes after Harrison*s
classification. An abrupt increase of the grain boundary diffusivities
by about two orders of magnitude was observed at certain Bi contents
which are unequivocally in the single-phase region of the corresponding
bulk phase diagram. The present results unambiguously prove the oc-
currence of a pre-melting grain boundary phase transition in the Ni-Bi
system.

MM 21.9 Wed 12:30 H45
Investigation of Phase Transitions in Polycrystalline Tung-
sten Trioxide Films during Ion Insertion and Extraction by
in Situ Transmission and Raman Spectroscopy — ∙Markus S.
Friedrich1,2, Alexander G. Strack1,2, Paul K. Tuchecker1,2,
Jan L. Dornseifer1,2, and Peter J. Klar1,2 — 1Institute of Ex-
perimental Physics I, Giessen, Germany — 2Center for Materials Re-
search, Giessen, Germany
The International Energy Agency stated in its ”European Union 2020
Energy Policy Review” that in 2016 in the European Union alone 152
TWh where consumed for air conditioning (AC), despite only six per-

cent of the global stock of AC units is operated in the EU. So called
”smart windows”, e.g. windows based on electrochromic materials,
such as tungsten trioxide, are promising candidates to reduce this kind
of energy consumption. The coloration and bleaching of the EC ma-
terial is based on the reversible insertion and extraction of small ions
inside the material. Ion diffusion plays a key role in this process and
therefore needs to be understood in depth in order to enable the opti-
mization of future devices. Burkhardt et al. found, that the diffusion
coefficient in this material is dependent on the concentration of already
incorporated ions. We suggest, that this originates from changes in
the crystal structure of the thin films. To substantiate this sugges-
tion spatially and temporally resolved in situ transmission and Raman
spectroscopic experiments were performed during potentiostatic ion
insertion and extraction to correlate the diffusion of small ions inside
the material with changes of its crystal structure.

MM 21.10 Wed 12:45 H45
Self-diffusion in ge2sb2te5 thin films — ∙qingmei gong, sergiy
divinski, and gerhard wilde — University of Münster, Institute of
Materials Physics, Wilhelm-Klemm-str. 10, 48149 Münster, Germany
Phase change memory devices (PCM) are considered as one of the
most mature technologies among the emerging non-volatile memories
and are based on the reversibility of the amorphous-to-crystalline tran-
sition within a nanosecond timescale. Ge2Sb2Te5 is the most widely
studied composition. In this work, the self-diffusion in Ge2Sb2Te5 thin
films is measured using secondary ion mass spectroscopy (SIMS) and
applying the highly enriched natural 122Te isotope. A 200 nm thick
layer of Ge2Sb2Te5 was deposited on a Si substrate by DC magnetron
sputtering at room temperature. Subsequently, a thin layer of 122Te
was deposited on as-prepared Ge2Sb2Te5/Si samples using physical
vapor deposition. In the as-deposited state, Ge2Sb2Te5 was amor-
phous as confirmed by XRD and transmission electron microscopy.
The Te diffusion coefficients in Ge2Sb2Te5 were estimated from SIMS
measurements after annealing at different temperatures below crystal-
lization onset.

MM 22: Data Driven Materials Science: Experimental Data Treatment and Machine Learning

Time: Wednesday 10:15–13:00 Location: H46

Topical Talk MM 22.1 Wed 10:15 H46
Ingredients for effective computer-augmented experimental
materials science — ∙Christoph T. Koch, Markus Kühbach,
Sherjeel Shabih, Benedikt Haas, and Sandor Bockhauser —
Humboldt-Universität zu Berlin, Department of Physics & IRIS Adler-
shof, Berlin, Germany
Experimentally exploring the properties and uses of materials and im-
proving them for particular purposes has been a major driving force
for advancing the way people live over the last millennia. Experimen-
tal materials characterization techniques have now reached the level
of detail that makes them converge with ab-initio computations based
on fundamental building blocks: atoms and the electrons they share.
During the last decades computers have surpassed the capacity of hu-
mans in the extraction of patterns in large amounts of data. It is thus
a very natural consequence to involve their strengths also in further
accelerating experimental materials science. In this talk we will use
modern transmission electron microscopy as an example to illustrate
current and future ways of how the process of linking the properties of
materials to their fundamental structure can be supported computa-
tionally and by the availability of FAIR experimental and theoretical
data sets. Along the way the contributions of the NFDI-project FAIR-
mat to this process will be highlighted, illustrating the importance of
defining well-documented metadata catalogues, as well as providing
community-specific online data processing capabilities.

MM 22.2 Wed 10:45 H46
A materials informatics framework to discover patterns in
atom probe tomography data — ∙Alaukik Saxena, Nikita
Polin, Baptiste Gault, Christoph Freysoldt, and Jörg Neuge-
bauer — Max-Planck-Institut für Eisenforschung GmbH, Düsseldorf
40237, Germany.
Atom probe tomography (APT) is a unique technique that provides 3D
elemental distribution with near-atomic resolution for a given material.
However, the large amount of data acquired during the experiment and

the complexity of the 3D microstructures poses a challenge to fully
quantify APT data. Here, taking APT measurements corresponding
to a Fe-doped Sm-Co alloy as an example, we present an approach
based on unsupervised machine learning to extract different phases in
the data. On top of this method, we have built a PCA-based work-
flow to reduce secondary phase precipitates with complex morphology
into simpler plate-like morphologies thus enabling the quantification of
in-plane compositional and thickness fluctuations, and relative orien-
tations of the precipitates. The labeled data acquired from the PCA-
based approach is used to train a U-NET to perform the same task
on different APT samples of the same material automatically. The
composition and thickness-related insights are expected to help un-
derstand the contribution of the particles to the confinement of the
magnetic domains of the dominant 2:17 bulk phase, providing further
indications to guide the design of future permanent hard magnets.

MM 22.3 Wed 11:00 H46
Correcting density artifacts in Atom Probe reconstructions:
A tip shape-corrected volume reconstruction approach —
∙Patrick Stender1, Daniel Beinke1, Felicitas Bürger2, and
Guido Schmitz1 — 1Institute for Materials Science, University of
Stuttgart — 2Fakultät für Mathematik, Universität Regensburg, D-
93040 Regensburg, Germany
Atom Probe Tomography enables the chemical investigation of nano-
metric volumes with single atomic sensitivity in 3D. The tip shape
sample is evaporated atom by atom. From the obtained data sequence,
the respective volume is reconstructed.

Conventionally, this reconstruction is performed with the assump-
tion of a hemispherical tip apex. This practice can lead to serious
volume distortions (local-magnification effect). Instead of using in-situ
correlative microscopy to discover the evolution of the tip shape during
the measurement, we extract the emitter shape numerically from the
event statistics on the 2D detector plane.

The method is based on the fundamental postulate that the detected
density of events is linked to the local Gaussian curvature of the tip
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apex. Knowing the variation of this curvature, the surface profile is
determined by a finite difference scheme. Except for convexity, no
further restriction is imposed on the possible tip shapes.

Different simulated and experimental data sets of complex tip shapes
will be discussed and compared. The method largely suppresses the
local magnification effects appearing at interfaces between materials of
contrasting evaporation thresholds.

MM 22.4 Wed 11:15 H46
Neural networks trained on synthetically generated crys-
tals can classify space groups of ICSD powder X-ray
diffractograms — ∙Henrik Schopmans1,2, Patrick Reiser1,2,
and Pascal Friederich1,2 — 1Institute of Theoretical Informat-
ics, KIT, Karlsruhe, Germany — 2Institute of Nanotechnology, KIT,
Eggenstein-Leopoldshafen, Germany
Machine learning techniques have successfully been used to extract
structural information such as the crystal space group from powder
X-ray diffraction (XRD) patterns. However, training directly on sim-
ulated patterns from databases like the ICSD is problematic due to
its limited size, class-inhomogeneity, and bias toward certain structure
prototypes. We propose an alternative approach of generating ran-
dom crystals with random coordinates by using the symmetry opera-
tions of each space group. Based on this approach, we present a high-
performance distributed python framework to simultaneously generate
structures, simulate patterns, and perform online learning. This allows
training on millions of unique patterns per hour. For our chosen task
of space group classification, we achieve a test accuracy of 60.4% on
new ICSD structure prototypes not included in the statistics dataset
guiding the random generation. Instead of space group classification,
the developed framework can also be used for other common tasks, e.g.
augmentation and mixing of patterns for phase fraction determination.
Our results demonstrate, using the domain of X-ray diffraction, how
state-of-the-art models trained on large, fully synthetic datasets can
be used to guide the analysis of physical experiments.

15 min. break

Topical Talk MM 22.5 Wed 11:45 H46
Physics guided machine learning tools in analytical trans-
mission electron microscopy — ∙Cecile Hebert1,3, Hui Chen1,
and Adrien Teurtrie1,2 — 1LSME - IPHYS Ecole Polytechnique
Fédérale de Lausanne, Lausanne, Switzerland — 2Unité Matériaux et
Transformations, Université de Lille, France — 3Institut de Matériaux,
Ecole Polytechnique Fédérale de Lausanne, Lausanne, Switzerland
Modern transmission electron microscopes are capable of recording
large datasets containing both structural and chemical information on
a scale ranging from sub-micrometer to atomic resolution. Operated
in scanning TEM mode, two kind of chemical information can be ob-
tained: either via energy dispersive X-Ray spectroscopy of via electron
energy loss spectroscopy. On modern instruments, both signals can be
acquired at the same time. Turning this huge amount of information
(datasets can weight up to several Gb) into segmented quantitative
information representing the different phases of the specimen is a real
challenge. Pure statistical analysis like principal component analysis
generally fails because of two main reasons: artifacts linked to the
detection chain and/or non uniqueness of a statistical decomposition.
The task is generally complicated by the overlap of phases in the speci-
men thickness and the presence of the same elements in different phases

With the introduction of physical constraints, like a modelling of
the spectrum based on prior knowledge, both on the specimen and on
the physical process leading to the spectra, it is possible to obtain a
physically meaningful spatial segmentation of the data and to proceed
with chemical analysis.

MM 22.6 Wed 12:15 H46

Motif Extraction from Crystalline Images in Real Space —
∙Amel Shamseldeen Ali Alhassan and Benjamin Berkels —
AICES Graduate School, RWTH Aachen University, Germany
Using modern transmission and scanning transmission electron micro-
scopes ([S]TEM), atomic resolution images are readily available. In
particular, the amount of data produced is so large that automatic
analysis tools are needed.

During the last decade, automatic data analysis methods concerning
different aspects of crystal analysis have been developed, for example,
unsupervised primitive unit cell extraction and automated crystal dis-
tortion and defects detection. However, an automatic, dedicated motif
extraction method is still called for by experimentalists. While previ-
ous works on motif extraction did good work in, for example, finding
the plane symmetries and restoring smeared out features or finding
positions in atomic columns, they were either not automated enough,
not applicable to atomic scale images, or required special calibration.

Here, we propose and demonstrate a novel method for automatic
direct motif extraction from crystalline images based on variational
methods. Given an atomic resolution crystalline image, our method
employs unit cell extraction to find the atomic structure then solves
a minimization problem involving the unit cell projection operator to
find the motif. The method was tested on various synthetic and exper-
imental data sets. The results are a representation of the motif in form
of an image, primitive unit cell vectors and a denoised reconstruction
of the input image.

MM 22.7 Wed 12:30 H46
Analysis of acoustic emission spectra for structural health
monitoring — ∙Klaus Lutter, Viktor Fairuschin, and
Thorsten Uphues — Institute for Sensor and Actuator Technology,
Coburg, Germany
Today, the analysis of vibration and acoustic emission spectra is rou-
tinely used for health monitoring of gears in industrial production.
Recent developments of extended IIoT networks provide even fleet
comparison and optimization of required field service.

Here, we present an extended approach to utilize acoustic emission
spectra to monitor the structural health of machining tools like mills or
drills to extract degradation and lifetime information from the acoustic
emission. A successful application of a spectral analysis will provide
a huge impact on production quality as well as tool quality according
to different production parameters which are transferred into related
spectral properties. Furthermore we follow an experimental approach
using contact microphones. Our diagnostic approach is a detailed anal-
ysis of the corresponding frequency spectra and in particular the ex-
isting harmonic frequencies during milling processes.

We demonstrate the classification of different process parameter
sets according to different dominant frequencies via classification al-
gorithms. The retrieved classes of spectra are used for a classical re-
gression model assisted by neural networks to analyse characteristics
changes over time. From an industrial perspective this type of analy-
sis is a non-invasive and versatile approach and easily implementable,
even in existing production machinery.

MM 22.8 Wed 12:45 H46
Optimizing laser powder bed fusion by machine learning
methods — ∙Dmitry Chernyavsky — IFW Dresden, Germany
Additive manufacturing (AM) is a revolutionary manufacturing tech-
nique, providing design freedom and environmental advantages. Each
newly AM processed material usually requires the identification of the
optimal parameter set, a cost and time-consuming process, mostly con-
ducted by trial and error. Here we discuss a machine learning approach
for AM process parameter optimization on an example of a Zr-based
alloy.
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MM 23: Computational Materials Modelling: Magnetic & Electrical Properties

Time: Wednesday 15:45–18:30 Location: H44

MM 23.1 Wed 15:45 H44
Electronic structure of the non-centrosymmetric antifer-
romagnetic delafossite AgCrSe2 — ∙Seo-Jin Kim1, Haijing
Zhang1, Marcus Schmidt1, Michael Baenitz1, Gesa Siemann2,
Chiara Bigi2, Phil D. C. King2, and Helge Rosner1 — 1Max
Planck Institute for Chemical Physics of Solids, D-01187 Dresden, Ger-
many — 2School of Physics and Astronomy, University of St. Andrews,
St. Andrews KY16 9SS, United Kingdom
We present the theoretical studies of the electronic structure and the
anomalous Hall effect in AgCrSe2 based on density functional theory
together with experimental results. AgCrSe2 is a layered triangular
lattice system that lacks inversion symmetry, and exhibits a ferromag-
netic coupling in layer and an antiferromagnetic coupling between Cr
adjacent layers. The comparison of the Cr partial DOS determined
from the photoemission measurements and the magnetic LDA+U cal-
culations with a value of U = 0.75 eV shows a good agreement, re-
vealing that this compound is weakly correlated due to a strong hy-
bridization with the ligands. The Se 4p states are dominating near the
Fermi energy, resulting the sizable band split of the order of 300 meV
induced by the SOC. Our recent work demonstrates that this system
shows an unconventional anomalous Hall effect driven by the Rashba-
like spin-orbit coupling due to the non-centrosymmetric structure. The
anomalous Hall conductivity was calculated based on the Berry curva-
ture using an effective tight-binding model constructed by the Wannier
function approach. The calculated 𝜎𝑥𝑦 shows a good agreement to the
experimental measurement.

MM 23.2 Wed 16:00 H44
Atomistic simulations of electrocaloric effects in ferroelectric-
paraelectric superlattices — ∙Diana Elisa Murillo Navarro1,2,
Hugo Imanol Aramberri Del Vigo1, and Jorge Íñiguez1,2 —
1Materials Research and Technology Department, Luxembourg In-
stitute of Science and Technology, Luxembourg — 2Department of
Physics and Materials Science, University of Luxembourg
Electrocaloric effects (i.e., the temperature change caused by the ap-
plication or removal of an electric field) in ferroelectric materials could
provide us with an alternative to current polluting cooling technologies.
Ferroelecric/paraelectric superlattices, such as the PbTiO3/SrTiO3
system, usually present partly-disordered phases of high entropy (e.g.,
the so-called domain liquid state1) whose polarization can be con-
densed (frozen) under the application of an electric field, potentially
triggering a large change in temperature. Here we present our latest
theoretical results on such electrocaloric effects obtained from second
principles simulations2.

Work funded by the Luxembourg National Research Fund through
project C18/MS/12705883 *REFOX*.

1 P. Zubko et al., Nature 534, 524 (2016).
2 J.C. Wojdel et al., J. Phys.: Condens. Matt. 25, 305401 (2013).

MM 23.3 Wed 16:15 H44
Magnetically-textured superconductivity in elemental Rhe-
nium — Gabor Csire1, James F Annett2, ∙Jorge Quintanilla3,
and Balazs Újfalussy4 — 1ICN2, Barcelona, Spain — 2University of
Bristol, Bristol, United Kingdom — 3University of Kent, Canterbury,
United Kingdom — 4Wigner Research Centre for Physics, Budapest,
Hungary
Recent 𝜇SR measurements revealed remarkable signatures of sponta-
neous magnetism coexisting with superconductivity in elemental rhe-
nium. Here we provide a quantitative theory that uncovers the nature
of the superconducting instability by incorporating every details of
the electronic structure together with spin-orbit coupling and multi-
orbital physics. We show that conventional s-wave superconductiv-
ity combined with strong spin-orbit coupling is inducing even-parity
odd-orbital spin triplet Cooper pairs, and in presence of a screw axis
Cooper pairs* migration between the induced equal-spin triplet com-
ponent leads to an exotic magnetic state.

MM 23.4 Wed 16:30 H44
Magnetic bond-order potential for iron-cobalt alloys —
∙Aleksei Egorov, Aparna Subramanyam, Ralf Drautz, and
Thomas Hammerschmidt — ICAMS, Ruhr-Universität Bochum,
Bochum, Germany

We present a general-purpose analytic bond-order potential for large-
scale simulations of magnetic FeCo alloys. The model is based on a
𝑑-valent orthogonal tight-binding Hamiltonian in two-center approxi-
mation and an embedding term to account for the s electrons. The
BOP is a physical model and therefore requires only a comparably
small set of reference data and only a small number of parameters to be
optimized. It still provides good transferability to properties of FeCo
that we did not include in the fit. We demonstrate the transferability
of the FeCo BOP for defect formation energies, vibrational properties,
and elastic constants. Due to the explicit treatment of magnetism, our
BOP can reproduce the main features of the electronic structure of
magnetic and nonmagnetic phases. The predictive power of the FeCo
BOP yields a reasonable estimate of the order-disorder transition tem-
perature of magnetic B2-FeCo. Our FeCo BOP also reproduces the
dense sequence of stable structures for Fe-rich FeCo compounds.

MM 23.5 Wed 16:45 H44
Ab-initio High-Throughput Screening for Magnetic MAX
Phases — ∙Ali Muhammad Malik, Jochen Rohrer, and Karsten
Albe — Materials Modelling, Technical University of Darmstadt, Ger-
many
MAX phases are layered ternary transition metal carbides and nitrides
that combine both metallic and ceramic properties such as high tough-
ness and strength at elevated temperatures. So far about ~80 single-M
containing MAX phases have been synthesised. But very few of these
phases, have long-range magnetic order and are mostly based on Cr
and/or Mn. It is expected that magnetically ordered MAX phases will
be promising in spintronics and magnetocaloric applications. In this
work, we systematically search for stable MAX phases with a focus
on magnetic properties, by screening about 1200 potential composi-
tions. The thermodynamic stability is based on relative formation
enthalpy compared to known competing phases that are present in M-
A-X ternary phase diagram obtained from online databases e.g. Mate-
rials Project. Based on the evaluation of relative formation enthalpy,
we have predicted around ~170 new MAX phases that are potentially
synthesisable. However, out of these predicted phases, only 2 in total,
based on Cr or Mn, were found to have long-range magnetic order. Fi-
nally, it is concluded that the incorporation of a late-transition metal
into the MAX structure by alloying or unconventional post-synthesis
routes, is the way forward for achieving magnetic long-range order.

15 min. break

MM 23.6 Wed 17:15 H44
Energetic and electronic properties of CsK2Sb surface facets:
An ab initio study — ∙Richard Schier1,2, Holger-Dietrich
Saßnick2, and Caterina Cocchi2,1 — 1Humboldt-Universität zu
Berlin and IRIS Adlershof — 2Carl von Ossietzky Universität Olden-
burg
For the efficient generation of ultra-bright electron beams, the micro-
scopic understanding of the electronic structure of the photoemitting
materials is crucial. Ternary alkali antimonides have been proposed as
a promising class of photocathodes [1-4]. However, still little is known
about their surface properties. We fill this gap with an ab initio study
of the energetic and electronic properties of 7 CsK2Sb surface facets
of low Miller index. We investigate formation energies as a function of
chemical potential to quantify the stability of these systems at varying
concentration of the atomic species. We find that the (111)-surfaces
terminated with K on top of Sb are generally the most stable, except
for very high (low) concentrations of Cs (K). Calculated values for
the work functions range from 2.33 eV for (100)-surfaces to 3.50 eV
for (111)-surfaces terminated with a Sb layer. From the analysis of
the band structures we find 4 out of 7 surfaces to be semiconducting.
Metallic surfaces are formed upon an excess of metal atoms at the
interface with vacuum.

[1] Schmeißer et al., PRAB 21, 113401 (2018). [2] Cocchi et al.,
JPCM 31, 014002 (2019). [3] Cocchi et al., Sci. Rep. 9, 18276 (2019).
[4] Amador & Cocchi, JPCM 33, 365502 (2021).

MM 23.7 Wed 17:30 H44
Modeling Temperature-Dependent Electronic Structure of
Semiconductors with a Dynamic Tight-Binding Approach —
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∙Martin Schwade, Maximilian Schilcher, and David Egger —
Department of Physics, Technical University of Munich, Garching,
Germany
For theoretical calculations of large-scale system sizes or longer time-
scale phenomena the computational costs of typical density functional
theory can present a steep barrier, which needs to be tackled by devel-
opment of alternative approaches. Here, we propose an extension of
the tight-binding (TB) formalism which allows for the calculation of
macroscopic and temperature-dependent properties of semiconductors
with little computational effort. In contrast to previous formulations,
we fit TB parameters to first-principles energy eigenvalues using ma-
chine learning techniques. Furthermore, our TB approach employs
hybrid orbital basis functions and addresses the problem of distance-
dependent matrix elements by numerical integration of these orbitals.
With this, we can maintain the average symmetry of the system as best
as possible but still account for dynamic changes to that symmetry,
e.g., by lattice distortions and other thermal effects. Our method is
particularly helpful for getting an accurate solution of the electronic-
structure problem for semiconductors at finite temperatures.

MM 23.8 Wed 17:45 H44
Coupled electronic and lattice degrees of freedom in exci-
tonic insulator candidate Ta2NiSe5 and Ta2NiS5 — ∙Banhi
Chatterjee, Jernej Mravlje, and Denis Golež — Jozef Stefan
Institute, Jamova 39, SI 1000, Ljubljana, Slovenia
The origin of phase-transition from a high temperature orthorhombic
phase to a low temperature monoclinic phase in Ta2NiSe5 is debatable.
There are two competing scenarios, namely, a structural instability
with a B2g zone center optical phonon and electronic order parame-
ter of excitonic nature breaking the discrete set of lattice symmetries
[1-3]. We defined a theoretical description which takes both scenarios
on equal footings based on realistic modeling using DFT as a starting
point and describe electronic and lattice correlation on a Hartree Fock
level. We have identified both excitonic instability and the B2g phonon
mode in our calculations and investigate the effect of electron-phonon
coupling. Within our methods we have further identified spectroscopic
signatures showing the lack of excitonic ordering in the auxiliary com-
pound Ta2NiS5 which is in agreement with the experimental ARPES
observations [4].

[1] A. Subedi, Phys. Rev. Mater. 4, 083601 (2020). [2] L. Windgät-
ter, M. Rösner, G. Mazza, H. Hübener, A. Georges, A. J. Millis, S.
Latini, and A. Rubio, Angel,npj Comp. Mat 7, 14 (2021) [3] G. Mazza,
M. Rösner, L. Windgätter, S. Latini, H. Hübener, A.J. Millis, A. Ru-
bio, and A. Georges, Phys. Rev. Lett. 124, 197601 (2020) [4] K. Mu,
H. Chen, Y. Li, Y. Zhang, P. Wang, B. Zhang, Y. Liu, G. Zhang, Li.
Song, and Z. Sun, J.of Mat. Chem. C. 6, 3981 (2018)

MM 23.9 Wed 18:00 H44

Supermetal-insulator transition in a non-Hermitian network
model — ∙Hui Liu1, Jhih-Shih You2, Shinsei Ryu3, and Ion
Cosma Fulga1 — 1IFW Dresden and Würzburg-Dresden Cluster
of Excellence ct.qmat, Helmholtzstrasse 20, 01069 Dresden, Ger-
many — 2Department of Physics, National Taiwan Normal University,
Taipei 11677, Taiwan — 3Department of Physics, Princeton Univer-
sity, Princeton, New Jersey, 08540, USA
We study a non-Hermitian and non-unitary version of the two-
dimensional Chalker-Coddington network model with balanced gain
and loss. This model belongs to the class D† with particle-hole
symmetry† and hosts both the non-Hermitian skin effect as well as
exceptional points. By calculating its two-terminal transmission, we
find a novel contact effect induced by the skin effect, which results in
a non-quantized transmission for chiral edge states. In addition, the
model exhibits an insulator to "supermetal" transition, across which
the transmission changes from exponentially decaying with system size
to exponentially growing with system size. In the clean system, the
critical point separating insulator from supermetal is characterized by a
non-Hermitian Dirac point that produces a quantized critical transmis-
sion of 4, instead of the value of 1 expected in Hermitian systems. This
change in critical transmission is a consequence of the balanced gain
and loss. When adding disorder to the system, we find a critical expo-
nent for the divergence of the localization length 𝜈 = 1, which is the
same as that characterizing the universality class of two-dimensional
Hermitian systems in class D.

MM 23.10 Wed 18:15 H44
Dynamical mean-field theory on the high-temperature super-
conductivity for cerium hydrides under extreme pressure —
∙Yao Wei and Cedric Weber — King’s College London, London,
UK
Hydrogen-rich superhydrides are promising high-Tcsuperconductors,
with superconductivity experimentally observed near room tempera-
ture, as shown in recently discovered lanthanide superhy- drides at
very high pressures, e.g. LaH10 at 170 GPa and CeH9 at 150 GPa.
Superconductivity is believed to be closely related with the high vibra-
tional modes of the bound hydrogen ions. Here we study the limit of
extreme pressures (from 200 to 500 GPa or higher) where lanthanide
hydrides with large hydrogen content have been observed. We focus
on CeH10, the prototype candidate for achieving a large electronic
contribution from hydrogen in the electron-phonon coupling. In this
work, we use a first-principles calculation platform with the inclusion
of many-body corrections to evaluate the detailed physical properties
of the Ce-H system and to understand the structure, stability and su-
perconductivity of these systems at ultra-high pressure. We provide a
DMFT approach to further investigate conventional superconductivity
in hydrogen rich superhydrides.

MM 24: Non-equilibrium Phenomena in Materials Induced by Electrical and Magnetic Fields 4
Crystal structures

Time: Wednesday 15:45–18:30 Location: H45

Topical Talk MM 24.1 Wed 15:45 H45
Electromigration effects on the atomic ordering process in
hard magnetic L10 intermetallic phases — ∙Daniel Urban1,2

and Christian Elsässer1,2 — 1Fraunhofer-Institut für Werk-
stoffmechanik IWM, Wöhlerstraße 11, 79108 Freiburg — 2Freiburger
Materialforschungszentrum, Stefan-Meier-Straße 21, 79104 Freiburg
High-performance permanent magnets are needed for many applica-
tions in energy and information technology. The L10 phase of FeNi is
a promising candidate for a sustainable material that is free of rare-
earth elements. However, on earth FeNi can only be found in the
disordered A1 crystal structure, although the layered L10 structure
is lower in energy. By contrast, the latter was found in meteorites,
proving the astronomical long timescales required for the dynamical
ordering of the material.

We investigate the atomic migration processes in binary intermetal-
lic L10 phases within the framework of density functional theory. Our
main objectives are (i) to develop a thorough understanding of the
possibilities to enhance the thermally activated diffusion processes at
the atomic scale by electric fields and currents and (ii) an assessment
in how far electromigration effects can be effective in processing hard

magnetic materials. We extend the scope to the hard magnetic L10
phases of FePt, FePd, MnAl and MnGa as well as ternary Fe(Pt,Ni).
These alloys cover a wide range of thermal ordering time scales and
related experimental feasibilities.

MM 24.2 Wed 16:15 H45
Deriving Macroscopic Diffusivity from a Microscopic Master
Equation Approach — ∙Daniel Pfalzgraf1,2, Daniel Urban1,2,
and Christian Elsässer1,2 — 1Freiburg Materials Research Cen-
ter (FMF), University of Freiburg, Stefan-Meier-Straße 21, 79104
Freiburg, Germany — 2Fraunhofer IWM, Wöhlerstraße 11, 79108
Freiburg, Germany
We present our generalisation of a model formalism that allows the
derivation of macroscopic diffusion properties of a crystalline material
from jump rates of individual atoms or ions. This work is based on a
mathematical formalism modelling the uncorrelated motion of parti-
cles on a lattice by a Markov chain, from which a master equation in
time and space is constructed. This approach is discussed, reformu-
lated, and generalised to be applicable to any three-dimensional crystal
system. Specifically, it is capable of describing the diffusion and drift
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of particles in a tilted potential landscape, as e.g. induced by electric
fields. We sketch multiple use cases for systems involving point defects
and grain boundaries and use the derived framework to discuss the
diffusion of oxygen vacancies in strontium titanate.

MM 24.3 Wed 16:30 H45
Atomistic calculations of charged point defects at grain
boundaries in SrTiO3 — ∙Cong Tao1, Daniel Mutter1, Daniel
Urban1, and Christian Elsässer1,2 — 1Fraunhofer IWM, Freiburg,
Germany — 2University of Freiburg, FMF, Germany
Oxygen vacancies have been identified to play an important role in
accelerating grain growth in polycrystalline perovskite-oxide ceramics.
To advance the fundamental understanding of growth mechanisms at
the atomic scale, we performed classical atomistic simulations to in-
vestigate the atomistic structures and oxygen vacancy formation ener-
gies at grain boundaries in the prototypical perovskite-oxide material
SrTiO3 [1]. We focus on two symmetric tilt grain boundaries, namely
Σ5(310)[001] and Σ5(210)[001]. Electrostatic potentials are present
in supercells containing alternatingly charged lattice planes and grain
boundaries. We derive analytic solutions for these potentials for both
open and periodic boundary conditions and apply them to our atom-
istic model structures. In this way, simulation artifacts resulting from
the interaction of the electrostatic potential with charged point defects
can be corrected, leading to physically reasonable defect energies. We
report calculated formation energies of oxygen vacancies on all possi-
ble sites across boundaries between the two misoriented grains, and we
analyze the values with respect to local charge densities at the vacant
sites. The developed calculation procedure can be transferred to more
complicated interfaces such as asymmetric tilt grain boundaries [2].

[1] C. Tao, et. al., Phys. Rev. B 104, 054114 (2021).
[2] C. Tao, et. al., arxiv.org/abs/2110.02118.

MM 24.4 Wed 16:45 H45
Field assisted sintering of piezoelectric-bioactive scaffolds
for bone tissue engineering — ∙Abdullah Riaz1, Christian
Polley1, Eberhard Burkel2, and Hermann Seitz1 — 1Chair of
Microfluidics, Faculty of Mechanical Engineering and Marine Technol-
ogy, University of Rostock, Rostock, Germany — 2Institute of Physics,
University of Rostock, Rostock, Germany
The treatment of critical size bone defects is still a challenge. The
external material is often needed to support bone and guide tissue
regeneration by physical stimulation. Promising effects of electrical
stimulation on bone cell growth have led to an interest in using piezo-
electric ceramics for tissue repair. Nevertheless, it is still concerning
due to the toxicity of ceramics, which exhibit ion dissolution in biolog-
ical fluids. In this study, nanostructured pure and doped calcium ti-
tanate is prepared by sol-gel synthesis and field assisted sintering. The
piezoelectric behaviour is observed in calcium titanate, which is also
a non-cytotoxic compound. This behaviour is referred to as pseudo-
piezoelectricity since it is generated by the distorted structure which
is formed during densification by field assisted sintering. Addition-
ally, piezoelectric barium titanate-45S5 bioactive glass composites are
combined with titanium alloy Ti6Al4V for the potential implantation
of piezoelectric-bioactive scaffolds in load-bearing areas. For the en-
gineering of these bulk scaffolds, electron beam melting is utilized for
manufacturing metallic load-bearing lattice structures and combined
with piezoelectric-bioactive composites for the joint processing via field
assisted sintering.

15 min. break

MM 24.5 Wed 17:15 H45
Microstructure and hardness of self-passivating SMART al-
loys manufactured via field assisted sintering technology —
∙Jie Chen1, Andrey Litnovsky1, Xiaoyue Tan2, and Chris-
tian Linsmeier1 — 1Forschungszentrum Jülich GmbH, IEK-4, 52425
Jülich, Germany — 2School of Materials Science and Engineering,
Hefei University of Technology, 230009 Hefei, China
Self-passivating Metal Alloys with Reduced Thermo-oxidation

(SMART) with a composition of W-11.4wt%Cr-0.6Y% is a promis-
ing candidate for plasma facing material of a future fusion power
plant. In addition to sputtering resistance under plasma exposure,
the laboratory-made bulk SMART system has exhibited excellent an-
tioxidation performance at 1273K in humid environment relevant to
accident conditions. The field assisted sintering technology is ap-
plied to manufacture SMART alloy. The microstructure of SMART
alloy is intimately related to production parameters including heating
ramp, sintering temperature, thermal holding time and applied pres-
sure. Heating rate and appropriate sintering temperature are consid-
ered important to obtain ultrafine or nanosized grain. The machinabil-
ity of sintered SMART alloy is under investigation in which hardness
and thermal conductivity are of particular interest. The as-sintered
SMART alloy with 1217 HV0.5 is obtaned by heating at a rate of
200K/min to 1460*C and applying pressure of 50 MPa. There is an
attempt to reduce the material*s hardness to facilitate its application
in fusion reactor. Details of the work are presented in the contribution.

Topical Talk MM 24.6 Wed 17:30 H45
From Uncovering the Mechanisms of Flash Sintering to Real-
izing Ultrafast Sintering without Electric Fields and Discov-
ering Electrochemically Driven Microstructural Evolution —
∙Jian Luo — University of California San Diego, U.S.A.
This talk will first review our recent studies on understanding the
scientific questions and technological opportunities of flash sintering
[Scripta 146: 260 (2018); MRS Bulletin 46: 26 (2021)]. We originally
proposed that flash sintering generally starts a thermal runaway [Acta
94:87 (2015)], but it can also be activated by bulk phase and grain
boundary complexion transitions [Acta 181:544 (2019)]. We further
proved that ultrafast densification is enabled by ultrahigh heating rates
of ~100 K/s [Acta 125:465 (2017)]. Subsequently, a generic ultrafast
high-temperature sintering was reported in a collaborative study [Sci-
ence 368:521 (2020)]. Other related technologies include water-assisted
flash sintering (WAFS) to flash ZnO at room temperature [Scripta
142:79 (2018)] and two-step flash sintering (TSFS) to densify ceramics
with suppressed grain growth [Scripta 141:6 (2017)]. Recent research
discovered electrochemically induced grain boundary transitions that
can cause enhanced or abnormal grain growth [Nature Communica-
tions 12:2374 (2021)]. Subsequently, I will discuss a series of on-going
studies to further investigate electrochemically controlled microstruc-
tural evolution and tailor the microstructural evolution with applied
electric fields in various systems and schemes [Yan et al., unpublished
work].

Topical Talk MM 24.7 Wed 18:00 H45
Electric fields effects in ionic conductors during flash sintering
and ion exchange — ∙Mattia Biesuz, Gian Domenico Soraru,
and Vincenzo Maria Sglavo — University of Trento, Trento, Italy
Electric fields can drive ceramic ionic conductors out of the equilibrium
dictated by temperature, composition, and pressure. These phenom-
ena can be used to promote ceramics sintering or ion exchange.

Herein, we explore flash sintering in oxygen ionic conductors (YSZ
and GDC) evidencing the presence of some electrochemical effects pro-
ducing alterations of the defect chemistry and activating n-type elec-
tronic conductivity. This enhances the conductivity of the green sam-
ple, increases the electric power dissipation and contributes to the ac-
tivation of the flash leading to sudden densification of ceramics. The
pivotal role of electrochemical reduction during DC-flash sintering im-
pacts the thermal history of the flashed samples generating strong ther-
mal gradients between the cathode and anode which can be enhanced
or removed by changing the quality and type of the used electrodes.
The electrochemical description of flash sintering in oxygen ion conduc-
tors well explains the electrode configuration and atmosphere effects
on the flash processes.

Electrochemical phenomena are, however, pivotal also in other ionic
conductor systems subjected to flash-like processes. It is shown that
the electrode material choice strongly affects the flash behavior and
modifies the glass composition in the vicinity of electrodes. Hence,
electric fields can be to modify the surface glass or ceramics composi-
tion improving mechanical and functional properties.
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MM 25: Data Driven Materials Science: Computational Frameworks / Chemical Complexity

Time: Wednesday 15:45–18:30 Location: H46

Topical Talk MM 25.1 Wed 15:45 H46
Automated atomistic calculation of thermodynamic and ther-
mophysical data — ∙Jan Janssen1,2, Tilmann Hickel1,3, and
Jörg Neugebauer1 — 1Max-Planck-Institut für Eisenforschung,
Düsseldorf, Germany — 2Los Alamos National Laboratory, Los
Alamos, USA — 3Bundesanstalt für Materialforschung und -prüfung
(BAM), Berlin, Germany
A major challenge in predicting the properties of materials at realistic
conditions is the accurate inclusion of finite temperature effects. Doing
this on an ab initio level often requires complex simulation protocols.
These complex protocols, which often couple several specialized codes,
make a quantitative description of error propagation and uncertainty
quantification a critical issue.

To handle this high level of complexity we have developed
an integrated development environment (IDE) called pyiron -
http://pyiron.org. pyiron has been specifically designed to scale simu-
lation protocols from the interactive prototyping level up to the high
throughput level, all within the same software framework.

We highlight two recent success stories towards automated calcula-
tion of phase diagrams: We first discuss with the automated conver-
gence for all key parameters in DFT codes, followed by the calculation
of melting points with a guaranteed precision of better than 1K. These
fully automated high-precision tools allow us to study trends over the
periodic table in an efficient and systematic way. Examples how such
high-throughput screenings allow to develop new strategies in design-
ing materials will be given.

MM 25.2 Wed 16:15 H46
Efficient parameterization of the atomic cluster expansion —
∙Anton Bochkarev, Yury Lysogorskiy, Matous Mrovec, and
Ralf Drautz — Atomistic Modelling and Simulation, ICAMS, Ruhr-
Universität Bochum, D-44801 Bochum, Germany
The atomic cluster expansion (ACE) is a machine learning model with
a complete basis set representation that can be used for constructing
interatomic potentials. These potentials can be both, general-purpose
as well as potentials designed for a specific application. The former
are usually more reliable and accurately describe materials in various
conditions, but building such models often requires a materials specific
expertise and extensive training datasets. Purpose-specific potentials
have only limited ranges of applicability, but are also less demanding
in terms of training data. Here we demonstrate a complete, efficient
and largely automated framework for constructing quantum accurate
ACE models for various applications. Our framework includes auto-
mated data generation, model parameterization and validation. Effi-
cient implementations on CPU and GPU hardware enable large scale
simulations.

MM 25.3 Wed 16:30 H46
Atomic cluster expansion for Mg: From defects to phase dia-
grams — ∙Eslam Ibrahim, Yury Lysogorskiy, Matous Mrovec,
and Ralf Drautz — ICAMS, Ruhr Universität Bochum, 44780
Bochum, Germany
In this work, we developed a general-purpose parametrization of the
atomic cluster expansion (ACE) for Mg. The model shows an out-
standing transferability over a broad range of atomic environments and
is able to capture physical properties of bulk as well as defective Mg
phases in excellent agreement with reference first-principles calcula-
tions. We demonstrate the computational efficiency and the predictive
power of ACE by calculating the phase diagram covering tempera-
tures up to 3000 K and pressures up to 80 GPa using state-the-art
thermodynamic integration techniques implemented in the CALPHY
software package. The ACE predictions are compared with those of
common interatomic potentials, such as the embedded atom method or
the angular-dependent potential, as well as a recently developed neural
network potential. The comparison reveals that ACE is the only model
that is able to predict both qualitatively and quantitatively correctly
the phase diagram in close experiment with experimental observations.

MM 25.4 Wed 16:45 H46
Learning design rules for selective oxidation catalysts from
high-throughput experimentation and artificial intelligence —
∙Lucas Foppa1, Christopher Sutton1, Luca M. Ghiringhelli1,

Sandip De2, Patricia Löser3, Stephan Schunk2,3, Ansgar
Schäfer2, and Matthias Scheffler1 — 1The NOMAD Laboratory
at the Fritz Haber Institute of the Max Planck Society, Germany —
2BASF SE, Germany — 3hte GmbH, Germany
The design of heterogeneous catalysts is challenged by the complexity
of materials and processes that govern reactivity and by the very small
number of good catalysts. Here, we show how the subgroup-discovery
(SGD) artificial-intelligence local approach[1] can be applied to an ex-
perimental plus theoretical data set to identify constraints or rules
on key physicochemical parameters that exclusively describe materials
and reaction conditions with outstanding catalytic performance.[2] By
using high-throughput experimentation, 120 SiO2-supported catalysts
containing Ru, W and P were synthesized and tested in propylene ox-
idation. As candidate descriptive parameters, the temperature and
ten calculated parameters related to the composition and chemical na-
ture of elements in the catalyst materials, were offered. The temper-
ature, the P content, and the composition-weighted electronegativity
are identified as key parameters describing high yields of value-added
oxygenate products. The SG rules reflect the underlying processes
associated to high performance, and guide catalyst design.
[1] B.R. Goldsmith, et al., New. J. Phys. 19, 013031 (2017).
[2] L. Foppa, et al., ACS Catal. 12, 2223 (2022).

15 min. break

Topical Talk MM 25.5 Wed 17:15 H46
Understanding Dislocation Flow and Avalanches in High En-
tropy Alloys by Machine Learning-based Data Mining of In-
Situ TEM Experiments — ∙Stefan Sandfeld — FZJ/IAS-9,
52068 Aachen, Dennewartsstr. 25-27
This talk will give an overview over recent developments in the field
of material informatics and materials data science, in particular over
current, state-of-the-art machine learning and data-mining techniques
in the context of TEM experiments.

As a main example, the goal is to understand some of the many
open questions concerning the underlying structure-property relations
in High Entropy Alloys (HEAs). Although in-situ Transmission Elec-
tron Microscopy (TEM) allows high-resolution studies of the structure
and dynamics of moving dislocations and – in a way – makes the local
obstacle/energy ”landscape” visible through the geometry of disloca-
tions; a 3D analysis and high-throughput data-mining of the resulting
data is still not possible.

We introduce a novel data-mining approach that is based on spatio-
temporal coarse graining of TEM dislocation data, making ensemble
averaging of a large number of snapshots in time possible. Using dis-
locations as ”probes” we investigate the effect of pinning points on the
dislocation glide behavior of CoCrFeMnNi alloy during in-situ TEM
straining. Additionally, we use our Deep Learning-based dislocation
extraction and 3D reconstruction to analyze the strain avalanche statis-
tics of in-situ TEM recordings and discuss the dependency of the power
law exponent based on 3D dislocation dynamics simulations.

MM 25.6 Wed 17:45 H46
Phase stability and short range order in CrCoNi medium
entropy alloy — ∙Sheuly Ghosh1, Vadim Sotskov2, Alexander
Shapeev2, Fritz Koermann1,3, and Joerg Neugebauer1 — 1Max-
Planck-Institut für Eisenforschung GmbH — 2Skolkovo Institute of
Science and Technology — 3Delft University of Technology
One of the key components in the design and exploration of multi-
component alloys is the knowledge about its phase stability. The solid
solution of multicomponent alloys are often assumed to be ideally ran-
dom. However, short-range order, which is challenging to quantify by
experiments, is known to affect the mechanical properties of alloys. An
important issue to address is therefore to quantify the degree of local
chemical ordering as function of temperature and its chemical nature.

In the present work, we have investigated short-range order (SRO)
and its impact on phase stability in CrCoNi medium entropy alloy.
This alloy is known for its cryogenic damage tolerance and general
mechanical superiority. For this purpose, we have employed a recently
proposed computationally efficient on-lattice machine-learning inter-
atomic potential called low-rank potentials. These potentials are ca-
pable of accurately representing interactions in a system with many
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chemical components which is used in subsequent Monte Carlo simu-
lations. The potentials are trained on DFT supercell calculations and
thus allow to systematically include the impact of local lattice dis-
tortions. The computed short-range order parameters and observed
ordering are discussed in view of recent simulation and experimental
works.

MM 25.7 Wed 18:00 H46
Inverse Design of Multicomponent Crystalline Materials —
Teng Long1,2 and ∙Hongbin Zhang1 — 1Institute of Materials Sci-
ence, Technical University of Darmstadt, Darmstadt 64287, Germany
— 2School of Materials Science and Engineering, Shandong University,
Jinan 250061, China
Autonomous materials discovery with desired properties is one of the
ultimate goals of materials science. In this work, we implemente and
apply constrained crystal deep convolutional generative adversarial
networks to design unreported (meta-)stable crystal structures. The
essential continuous latent space is obtained based on the voxel con-
struction of crystal structures, resulting in an image-based latent space
which is proven to be a robust descriptor for forward inference of var-
ious physical properties. This also allows prediction of new crystal
structures based on generative adversarial network. Furthermore, tak-
ing the formation energy as an example, it is demonstrated how the
physical properties can be optimized automatically in the latent space
while exploring a big chemical space to predict novel phases. Such
an approach has been successfully applied on binary (e.g., Bi-Se) and

multicomponent systems, which paves the way to achieve the inverse
design of crystalline materials via multi-objective optimization.

MM 25.8 Wed 18:15 H46
Databases for Machine Learning of Grain Boundary Segrega-
tion — ∙Alexander Reichmann1, Christoph Dösinger1, Daniel
Scheiber2, Oleg Peil2, Vsevolod Razumovskiy2, and Lorenz
Romaner1 — 1Department of Materials Science, Leoben, Austria —
2Materials Center Leoben Forschung GmbH, Leoben, Austria
The chemical and structural state of grain boundaries (GBs) is of great
importance for the design and performance of many technologically
relevant materials. On the basis of atomistic simulations, the relevant
quantities of GB, in particular the segregation energy has been calcu-
lated for many materials. On the experimental side, the concentration
of solute elements at the GBs can be measured with a variety of tech-
niques including in particular Auger spectroscopy or Atom Probe To-
mography. When comparing calculated segregation energies with seg-
regation energy gained from experimental excess data, good agreement
is not always observed. In this talk we will present our current and
planned activities regarding creation of segregation databases and ap-
plication of data driven models. One of these is the Bayesian inference
framework, which we used in combination with Markov chain Monte
Carlo simulations for uncertainty quantification and model evaluation.
These activities shall lead to a better understanding of the deviation
between DFT-calculated and experimentally determined GB excess.

MM 26: Members’ Assembly

Time: Wednesday 18:45–20:15 Location: H44
All members of the Metal and Material Physics Division are invited to participate.

MM 27: Invited Talk Christian Greiner

Time: Thursday 9:30–10:00 Location: H44

Invited Talk MM 27.1 Thu 9:30 H44
Crystal rotation kinematics during the tribological loading of
high-purity copper — ∙Christian Greiner — Karlsruher Institut
für Technologie (KIT), Kaiserstrasse 12, 76131 Karlsruhe
Friction, wear and the associated energy dissipation are major chal-
lenges from nanoelectromechanical systems, over hip implants to off-
shore wind turbines. Already in 1950, Bowden and Tabor pointed out
that in metallic tribological contacts the majority of the dissipated en-
ergy is spend to change the contacting materials’ microstructures. This
- in part - explains why most metals show a highly dynamic subsurface
microstructure under the shear load imposed by a sliding contact. In
order to understand these processes, the elementary mechanisms ac-
commodating the shear strain and acting in the material need to be

revealed and understood. One key process involved therein is the re-
orientation of the crystal lattice, or crystal rotation, due to the shear
load imposed by the sliding contact. Our work sheds light on the early
stage, fundamental mechanisms of tribologically induced lattice rota-
tion kinematics. Using a high-purity copper bicrystal and a sapphire
sphere, unlubricated, single-pass sliding tests were conducted. Elec-
tron backscatter diffraction (EBSD) performed directly on the wear
track reveals a crystal rotation process around the transverse direc-
tion at the heart of tribologically induced lattice rotation, irrespective
of sliding direction, grain orientation and normal load. A detailed
analysis corroborates that surprisingly, changing the sliding direction
merely alters the precise accommodation of crystal rotations, but not
their fundamental nature.

MM 28: Transport in Materials: Diffusion / Electrical Transport & Magnetism

Time: Thursday 10:15–11:30 Location: H44

MM 28.1 Thu 10:15 H44
Electrical resistivity of magnetron-sputtered Fe1−𝑥O thin
films — ∙Simon Evertz1, Nina Nicolin1, Daniel Primetzhofer2,
James P. Best1, and Gerhard Dehm1 — 1Max-Planck-Institut für
Eisenforschung GmbH, Max-Planck-Str. 1, 40237 Düsseldorf, Ger-
many — 2Department of Physics and Astronomy, Uppsala University,
S-75120 Uppsala, Sweden
Fe1−𝑥O (wüstite) is a critical phase for a number of applications in the
future hydrogen economy, such as photochemical materials for H2 pro-
duction by water-splitting. Hence, charge transport is crucial for the
applicability of Fe1−𝑥O in electrode materials. To probe the charge
transport of close-to-stoichiometric Fe1−𝑥O, thin films were synthe-
sized by reactive magnetron sputtering with systematically varied O2

gas flow. The phase formation and chemical composition was corre-
lated to the electrical resistivity and mechanical properties, as mea-
sured in a van-der-Pauw-setup and nanoindentation, respectively. The

charge transport mechanism is shown to change from thermally ac-
tivated hopping of charge carriers - typical for a semiconductor - to
metallic-like behavior as a function of the phase purity of the films.
By correlative analysis of phase purity, microstructure and mechanical
properties, it is shown that already small amounts of Fe as impu-
rity phase are decisive for changing the charge transport mechanism.
These significant changes in charge transport are further compared to
the hardness and Young’s modulus of these films.

MM 28.2 Thu 10:30 H44
Electronic structure and transport properties of NdTe3 —
Kirstine J Dalgaard1, Shiming Lei1, Claudius Müller2, Stef-
fen Wiedmann2, Martin Bremholm3, and ∙Leslie M Schoop1 —
1Department of Chemistry, Princeton University, Princeton, NJ, USA
— 2High Field Magnet Laboratory (HFML-EMFL), Radboud Uni-
versity, Nijmegen, Netherlands — 3Department of Chemistry, Aarhus
University, Aarhus, Denmark
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The delocalized, hypervalent bonding in some main group element
square-net materials have been linked to fascinating phenomena, in-
cluding band inversions with high charge carrier mobility, and topolog-
ically nontrivial band structures. The family of rare earth tritellurides
crystalize in a van der Waals structure with double tellurium square-
nets, where the tellurium p orbitals form the Fermi energy crossing
bands, and the partly filled 4f orbitals give rise to a rich spectrum of
magnetic properties. The tellurium square-nets also undergo incom-
mensurate charge density wave transitions affecting the band structure
in ways that are yet to be fully understood. In this work, we studied
the electronic structure of neodymium tritelluride through quantum
oscillation and transport measurements. A remarkably high electron
mobility for a magnetic van der Waals material was found, suggest-
ing steeply dispersed bands, along with thus far unreported deviations
from conventional Lifshitz-Kosevich behavior.

MM 28.3 Thu 10:45 H44
Non-coplanar magnetism, topological density wave order
and emergent symmetry at half-integer filling of moiré
Chern bands — ∙Patrick Wilhelm1, Thomas Lang1, Math-
ias Scheurer1, and Andreas Läuchli1,2,3 — 1Institut für The-
oretische Physik, Universität Innsbruck, 6020 Innsbruck, Austria —
2Laboratory for Theoretical and Computational Physics, Paul Scher-
rer Institute, 5232 Villigen, Switzerland — 3Institute of Physics, École
Polytechnique Fédérale de Lausanne (EPFL), 1015 Lausanne, Switzer-
land
We study the impact of Coulomb interactions at half-integer filling of
the moiré Chern bands of twisted double-bilayer graphene and twisted
mono-bilayer graphene, using unbiased exact diagonalization comple-
mented by unrestricted Hartree-Fock calculations. For small intra-
sublattice tunneling, wAA, a non-coplanar magnetic state is found
which has the same symmetries as the tetrahedral antiferromagnet of
the triangular moiré lattice and can be thought of as a skyrmion lat-
tice commensurate with the moiré scale. The antiferromagnetic order
competes with a set of ferromagnetic, topological charge density waves,
which are favored for larger wAA and are associated with an approxi-
mate emergent O(3) symmetry, ’rotating’ the different charge density
wave states into each other. Exhibiting a finite charge gap and Chern
number C=|1|, the formation of charge density wave order which is
intimately connected to a skyrmion lattice phase is consistent with
recent experiments on these systems.

MM 28.4 Thu 11:00 H44
Interference effects in one-dimensional moiré crystals — ∙Nils
Wittemeier1, Matthieu J. Verstraete2,4, Pablo Ordejón1, and
Zeila Zanolli3,4 — 1Catalan Institute of Nanoscience and Nan-
otechnology, ICN2 (CSIC, BIST), Bellaterra, Spain — 2NanoMat/Q-

Mat/CESAM, Université de Liège (B5), Liège, Belgium — 3Chemistry
Department & Debye Institute for Nanomaterials Science, Utrecht Uni-
versity, Utrecht, the Netherlands — 4ETSF
This work [1] investigates interference effects in finite sections of 1D
moiré crystals using the Landauer-Büttiker formalism within the tight-
binding approximation. We explain interlayer transport in double-wall
carbon nanotubes and demonstrate that wave function interference is
visible at the mesoscale: in the strong coupling regime, as a periodic
modulation of quantum conductance and emergent localized states; in
the localized-insulating regime, as a suppression of interlayer transport,
and oscillations of the density of states. The interlayer transmission
between strongly coupled metallic nanotubes is limited to either 1G0

or 2G0. Our results could be exploited to design quantum electronic
devices, e.g. nonelectric switches based on chiral nanotubes. Most im-
portantly, we clarify the origin of the so-far unexplained 1G0 quantum
conductance measured in multi-wall carbon nanotubes [2, 3].

[1] N. Wittemeier et al. Carbon 186, 416 (2022)
[2] S. Frank et al. Science 280 (1998)
[3] W. A. de Heer & C. Berger, Phys. Rev. Lett. 93, 259701 (2004)

MM 28.5 Thu 11:15 H44
On correlations between local chemistry, distortions and ki-
netics in high entropy nitrides: an ab initio study — ∙David
Holec1, Ganesh K. Nayak1, Andreas Kretschmer2, Paul H.
Mayrhofer2, Marcus Hans3, and Jochen M. Schneider3 —
1Department of Materials Science, Montanuniversität Leoben, Leoben,
Austria — 2Institute of Materials Science and Technology, TU Wien,
Vienna, Austria — 3Materials Chemistry, RWTH Aachen University,
Aachen, Germany
High entropy alloys (HEAs) have triggered significant scientific inter-
est due to their unusual structural stability combined with excellent
mechanical and other functional properties. Recently, exploration of
materials used as protective coatings has also entered this room by
exploring high entropy borides, oxides, carbides, and nitrides. These
chemically complex systems provide huge combinatorial space for tun-
ing the composition, hence making the experimental exploration te-
dious. High-throughput simulations based on unbiased ab initio cal-
culations provide an ideal tool to guide the experiments.

We will show that for high entropy nitrides (HENs), strain is equally
important for the stabilization as entropy. Our predictions were val-
idated by experimental investigations on the thermal stability of se-
lected HEN coatings. The predicted structures are further character-
ized in terms of their local distortions, one of the core effects of HEAs.
Another core effect is sluggish bulk diffusion. Therefore, in the second
part of the talk, we will explore correlations between migration barriers
for bulk diffusion, local chemical compositions, and local distortions.

MM 29: Data Driven Materials Science: Design of Functional Materials

Time: Thursday 10:15–11:30 Location: H45

MM 29.1 Thu 10:15 H45
Investigations of the Polysulfide Conversion Mechanism via
Gaussian Approximation Potentials — ∙Xu Han1,2, Carsten
G. Staacke1, Hendrik H. Heenen1, Xuefei Xu2, and Karsten
Reuter1 — 1Fritz-Haber-Institut der MPG, Berlin, Germany —
2Tsinghua University, Beijing, China
Lithium-sulfur (Li-S) batteries have been regarded as promising energy
storage systems with ultra-high theoretical energy density. During a
charging cycle Li2S is converted to S8 and vice-versa, where intermedi-
ate Li polysulfides (LiPS) are formed in a complex reaction mechanism
which is still under debate. The theoretical exploration of the involved
Li-S chemistry is challenged by an extended reaction network making
it intractable for first principles methods. In contrast, machine learn-
ing interatomic potentials (MLIPs) which potentially retain predictive
accuracy at a fraction of the computational cost are ideally suited for
this task.

Here, we establish a training protocol for a Gaussian approxima-
tion potential (GAP) to simulate the chemistry of LiPS. Our training
is based on a constrained on-the-fly exploration of the LiPS chemical
space. In that, we enumerate the connectivity of (poly)cyclic LiPS
and explore their stability via global optimization procedures with it-
eratively refined MLIPs. We use the final, sufficiently accurate MLIP
to sample the LiPS phase space and to compute charging/discharging

curves which we can directly compare to experimental data. Our MLIP
calculations are expected to provide more fundamental insights into the
LiPS conversion mechanism in Li-S batteries.

MM 29.2 Thu 10:30 H45
Accelerating the High-Throughput Search for new Thermal
Insulators with Symbolic Regression — ∙Thomas Purcell1,
Matthias Scheffler1,2, Luca M. Ghiringhelli1,2, and Christian
Carbogno1 — 1The NOMAD Laboratory at Fritz-Haber-Institut der
Max-Planck-Gesellschaft — 2FAIRmat at Humboldt Universität zu
Berlin, Berlin, Germany
Reliable artificial-intelligence models are key to accelerate the discov-
ery of new functional materials for various applications. Here, we
present a general, data-driven framework that combines symbolic re-
gression with sensitivity analysis to create hierarchical workflows. We
illustrate the power of this new framework by screening for new ther-
mally insulating materials. We first use the sure-independence screen-
ing and sparsifying operator (SISSO) [1] to build an analytical model
that describes the thermal conductivity of a material and then extract
out the most important input properties using a variance-based sensi-
tivity analysis [2]. Using the information gained from the analysis we
screen over a set of 732 materials and find the region of space most
likely to contain strong thermal insulators. Finally we confirm these
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predictions by calculating thermal conductivities using the ab initio
Green-Kubo technique [3].
[1] R. Ouyang, et al.. Phys. Rev. Mat. 2, 083802 (2018)
[2] S. Kucherenko, S. Tarantola, and P. Annoni. Comput. Phys.
Commun. 183, 937 (2012)
[3] C. Carbogno, R. Ramprasad, and M. Scheffler. Phys. Rev. Lett.
118, 175901 (2017)

MM 29.3 Thu 10:45 H45
Uncertainty Modelling for Property Prediction of Double
Perovskites — ∙Simon Teshuva1, Mario Boley1, Felix Luong1,
Lucas Foppa2, and Matthias Scheffler2 — 1Monash University,
Melbourne, Australia — 2Fritz Haber Institute, Berlin, Germany
Statistical predictive models for double perovskite properties are of
high interest, because the perovskite structure allows relatively accu-
rate property prediction and at the same time provides enough flexi-
bility to yield a huge number of different materials of which some are
likely relevant for important applications. Existing results published
for this class of materials typically refer only to the predictive perfor-
mance as, e.g., measured by the root mean squared error. However,
active learning strategies for effective materials screening also rely on
adequate uncertainty estimates as provided by probabilistic models.

Here, we study the predictive performance of two popular machine
learning models, Gaussian processes and random forests, together with
the quality of their uncertainty estimates. This study is based on a
dataset of over 800 single (ABO_3) and double (A_2BB’O_6)cubic
perovskite oxides with computed bulk modulus, cohesive energy, and
bandgap. We show that Gaussian processes, while providing sound
Bayesian uncertainty estimates, can have inferior performance when
their assumption of isometric smoothness of the target property is not
met. In this case, as exemplified by the double perovskite bandgaps,
random forests provide a better alternative, despite their rather ad-hoc
uncertainty estimates. Improving these estimates thus appears to be
a promising direction for future research.

MM 29.4 Thu 11:00 H45
Automated effective Hamiltonian construction and active
sampling of potential energy surface by Bayseian optimiza-
tion — ∙Mian Dai, Yixuan Zhang, and Hongbin Zhang — Insti-
tute of Materials Science, Technical University of Darmstadt, Darm-
stadt, 64287, Germany

A first-principles effective Hamiltonian method can be used to simulate
the phase transition sequences. In practice it is quite tedious to ex-
press the total energy surfaces and estimate reasonable parameters for
high-order polynomials. We implemented Bayesian optimization (BO)
to sample the total energy surfaces based on active learning and fit the
set of parameters for constructing the effective Hamiltonians. Taking
BaTiO3 as a case study, we found that less than 30 sampling config-
urations with automated generated structures by BO are enough to
determine a new set of parameters. The hyperparater in our BO pro-
cess is tuned to show the improvement of the convergence for all fitted
parameters. Using the new set of parameters, we perform Monte Carlo
simulations which produce comparable phase transition temepratures
with experimental values and previous results. Our BO algorithm has
a great potential for future application in construction the effective
Hamiltonians with more complicated subspace and effective atomic
potentials describing the full lattice dynamics.

MM 29.5 Thu 11:15 H45
Predicting oxidation and spin states by high-dimensional neu-
ral networks — ∙Knut Nikolas Lausch1, Marco Eckhoff1, Pe-
ter Blöchl2, and Jörg Behler1 — 1Georg-August-Universität Göt-
tingen, Institut für Physikalische Chemie, Theoretische Chemie, Göt-
tingen, Germany — 2Technische Universität Clausthal, Institut für
Theoretische Physik, Clausthal-Zellerfeld, Germany
Machine learning potentials (MLP) such as high-dimensional neural
network potentials (HDNNP) provide first-principles quality energies
and forces enabling large-scale molecular dynamics simulations at low
computational costs. However, most current MLPs do not provide
any information about the electronic structure of the system, which
is often important for a detailed understanding of complex systems
such as transition metal oxides. The lithium intercalation compound
Li𝑥Mn2O4 (0 ≤ 𝑥 ≤ 2), a commercially used cathode material in
lithium ion batteries, is such a system since the manganese ions adopt
different oxidation states based on the lithium content and distribu-
tion. Here, we propose a high-dimensional neural network (HDNN)
that can predict atomic oxidation and spin states as a function of the
local atomic environments in Li𝑥Mn2O4. The HDNN can complement
HDNNP-driven MD simulations giving insights into the underlying
electronic processes that give rise to complex phenomena such as a
charge ordering transition, and electrical conductance.

MM 30: Liquid and Amorphous Metals

Time: Thursday 10:15–13:00 Location: H46

MM 30.1 Thu 10:15 H46
Controlling the degree of rejuvenation and strain-hardening
in metallic glasses — ∙Daniel Şopu1,2, Xudong Yuan1, and
Jürgen Eckert1,3 — 1Erich Schmid Institute of Materials Science,
Leoben, Austria — 2Technische Universität Darmstadt, Germany —
3Montanuniversität Leoben, Austria
The correlation between the degree of rejuvenation and strain-
hardening in metallic glasses (MGs) is investigated using molecular
dynamics simulations. By randomly removing atoms from the glass
matrix, free volume is homogeneously generated and glassy states with
different degrees of rejuvenation are designed and further mechanically
tested. The highest rejuvenated state is defined by the dynamic bal-
ance between free volume generation and annihilation. The highest
degree of rejuvenation correlates to the flow strain of the materials
and the structure is similar to that found in shear bands. The free
volume in the rejuvenated glasses can be annihilated under tensile or
compressive deformation that consequently leads to structural relax-
ation and strain-hardening. Loading-unloading cycling tensile tests are
simulated and the atomic-scale mechanism of strain-hardening in the
highly rejuvenated MGs is highlighted.

MM 30.2 Thu 10:30 H46
Revealing the impact of Sulfur addition on the medium-
range order and relaxation dynamics of metallic glasses —
∙Hendrik Voigt1, Nico Neuber2, Harald Rösner1, Martin
Peterlechner1, Ralf Busch2, and Gerhard Wilde1 — 1Institut
für Materialphysik, Westfälische Wilhelms-Universität Münster, Mün-
ster, Germany — 2Chair of Metallic Materials, Saarland University,
Saarbrücken, Germany

The addition of Sulfur as an alloying element has been shown to en-
able or improve the glass forming ability of certain glasses drastically
[1]. Despite growing knowledge of the impact that Sulfur has on the
mechanical properties, the underlying structure and its dynamics are
still not fully understood [2].

In this contribution the sample system Pd31Ni42S27 has been in-
vestigated with respect to medium-range order (MRO). For the MRO
analysis multiple series of nanobeam diffraction patterns with varying
probe sizes were acquired in order to conduct variable resolution Fluc-
tuation Electron Microscopy (FEM). Furthermore, Electron Correla-
tion Microscopy (ECM) was employed to analyse relaxation dynamics
by the acquisition of a tilted dark-field time series. By the combination
of these two techniques it appears that the size of the regions display-
ing strongly decelerated dynamics at room temperature correlate with
the detected MRO. The results are discussed with respect to current
models.

[1] A. Kuball et al., Scripta Materialia (2018) 73-76 [2] H. Jiang et
al., Scripta Materialia (2021) 116923

MM 30.3 Thu 10:45 H46
Glass Formation and Shear Banding in High-Entropy Metal-
lic Glasses: A Molecular Dynamics Study — ∙Marie J. Char-
rier, Daniel T. Utt, Arne J. Klomp, and Karsten Albe —
Fachgebiet Materialmodellierung, Institut fuer Materialwissenschaft,
Technische Universitaet Darmstadt
Bulk metallic glasses (BMGs) and High-Entropy Alloys (HEAs) both
comprise a large number of elements but deviate strongly in their me-
chanical properties. BMGs are strong but brittle and usually derived
from crystalline binary subsystems with deep eutectics and intermetal-
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lic phases. HEAs, on the other hand, show remarkable ductility, a
small heat of mixing, and are thus typically not glass formers. The
open question is whether a classically crystalline random solid solution
HEA can be transformed into a BMG using appropriate processing. In
this work, we use atomistic computer simulations to study the com-
bination of the two materials classes, HE-MGs. Here, we are able to
kinetically suppress crystallization in the CrMnFeCoNi alloy, which in
the real world remains a crystalline single-phase solid solution using
conventional quench rates. First, we investigate the thermodynamics
of the glass transition and its dependence on quench rate. Second,
the phase stability of the HE-MG is compared to the crystalline HEA.
Third, the atomic-level structure is characterized in terms of chemi-
cal and structural short- and medium-range order. Last, we perform
compressive and tensile testing on HE-MG samples to assess failure
by homogeneous deformation or shear localization and compare the
mechanical properties against a CoCrFeMnNi nanocrystal.

MM 30.4 Thu 11:00 H46
Cyclical structural relaxation of PdNiP and micro-alloyed
PdNiPFe and PdNiPCo glasses — ∙Manoel W. da Silva Pinto,
Mark Stringe, Katharina Spangenberg, Harald Rösner, and
Gerhard Wilde — Institut für Materialphysik, WWU Münster
Relaxation phenomena in Pd40Ni40P20 bulk metallic glasses (BMG)
as well as in micro-alloyed forms of Co and Fe addition were investi-
gated by calorimetry. The BMGs were submitted to different thermal
treatments by varying temperatures and times. In order to identify
distinct signatures of relaxation, the thermal and temporal evolution
of enthalpic contributions to calorimetric signals were analyzed us-
ing different kinetic models. A possibility was found to control the
formation and depletion of an endothermic signature before the glass
transition by quenching and annealing procedures. From the evolution
of the enthalpies with annealing time and from isothermal heat flow,
time constants related to structural relaxation were obtained and sup-
plemented by dynamical and structural TEM analyses. The obtained
results are discussed with respect to existing models for glass relax-
ation.

MM 30.5 Thu 11:15 H46
Enhancing ductility and strain hardening by modulating
residual stresses in metallic glasses — ∙Xudong Yuan1, Daniel
Şopu1,2, and Jürgen Eckert1,3 — 1Erich Schmid Institute of Mate-
rials Science, Leoben, Austria — 2Technische Universität Darmstadt,
Darmstadt, Germany — 3Montanuniversität Leoben, Leoben, Austria
The correlation between the deformation behavior and the residual
stress modulation in metallic glasses (MGs) is investigated using molec-
ular dynamics simulations. Particularly, the influence of residual com-
pressive stress and stress heterogeneity on the tensile deformation be-
havior of amorphous Cu64Zr36 alloys is investigated. Strain harden-
ing together with enhanced tensile ductility in monolithic MGs can
be attained by only modulating the internal stress without changing
their local structure. The stress heterogeneity changes the shear band
dynamics leading to the formation and interaction of multiple shear
bands, which consequently enhances the macroscopic ductility. Ad-
ditionally, the residual compressive stress offsets the external tensile
stress, which delays shear band formation and enables strain harden-
ing in uniaxial tensile tests.

15 min. break

MM 30.6 Thu 11:45 H46
Origin of the Invar effect in Fe-based bulk metallic glasses —
∙Alexander Firlus1, Mihai Stoica1, Stefan Michalik2, Robin
E Schäublin1, and Jörg F Löffler1 — 11 Laboratory of Metal
Physics and Technology, Department of Materials, ETH Zurich, 8093
Zurich, Switzerland.2 — 2Diamond Light Source Ltd., Harwell Science
and Innovation Campus, Didcot, Oxfordshire OX11 0DE, UK
Generally, metals, including most ferromagnetic ones, have a constant
coefficient of thermal expansion (CTE). However, a few magnetic al-
loys show an anomalously low CTE below their Curie temperature.
At the Curie temperature it increases abruptly by up to one order of
magnitude. This effect is known as the Invar effect. While it is rare in
crystalline alloys, it is universally observed in ferromagnetic Fe-based
bulk metallic glasses (BMGs). To this day, it is still unclear in which
way the amorphous atomic arrangement creates the Invar effect and
how it manifests at the atomic scale.

In this work we studied BMGs with only one magnetic atom species,

Fe, by in-situ high-energy X-ray diffraction. This allows us to measure
the thermal expansion at the atomic scale and to associate it with spe-
cific atomic pairs. Fe-Fe pairs are found to be responsible for the Invar
effect at the atomic scale. Moreover, also full atomic shells, which
contain all atomic species, show an abrupt increase in their thermal
expansion. This proves that the Invar effect is not just a macroscopic
effect but has clear origins at the atomic scale.

MM 30.7 Thu 12:00 H46
Coupling deformation mechanisms in metallic glass-high en-
tropy alloy nanolaminates — ∙Qi Xu1, Daniel Şopu1, and
Jürgen Eckert1,2 — 1Erich Schmid Institute of Materials Science,
Leoben, Austria — 2Montanuniversity leoben, Leoben, Austria
The uniaxial tensile deformation behavior of metallic glass (MG) -
high entropy alloy (HEA) nanolaminates is explored through molecu-
lar dynamics simulations. The combination of glassy and crystalline
nanolayers results in misfit stresses at the interface that drive the par-
tial crystallization of amorphous phase and the nucleation of short
dislocations. Upon loading, the further stress-induced crystallization
facilitates the nucleation and growth of dislocations along the interfa-
cial regions and across the HEA plate, which advances the yielding of
MG-HEA nanolaminate. The dislocations are absorbed into the amor-
phous plate via slip transfer across glass-crystalline interface that in
turn triggers the activation of homogeneously distributed STZs. The
co-deformation mechanism suppresses the formation of critical shear
bands and increases the resistance to dislocation motion that, conse-
quently, promotes enhanced ductility in MG-HEA nanolaminate. The
strength combination of HEA and MGs and the complex deforma-
tion behavior may overcome the typical strength-ductility trade-off
and make MG-HEA laminates promising candidates for a variety of
structural and functional applications.

MM 30.8 Thu 12:15 H46
Tracer diffusion of Fe and Zr in CuZr nanoglasses
— ∙Christian Aaron Rigoni1, Hendrik Voigt1, Evgeniy
Boltynjuk2, Bonnie Tyler3, Sergiy Divinski1, Horst Hahn2,
and Gerhard Wilde1 — 1Institute of Materials Physics, University
of Münster, Germany — 2Institute of Nanotechnology, Karlsruhe In-
stitute of Technology, Germany — 3Physikalisches Institut, University
of Münster, Germany
Metallic nanoglasses consist of nanometer-sized amorphous regions
separated by amorphous interfaces. According to the current knowl-
edge, the amorphous structure of these interfaces is different from that
of the amorphous grains. This rather new class of material shows a dif-
ferent behaviour in comparison to conventional homogenous metallic
glasses, e.g. a reduced density, a reduced number of nearest neighbor
atoms, a different electronic structure, an increase in the ferromag-
netic transition temperature and an increased thermal stability were
reported. In the present work, tracer diffusion in CuZr nanoglasses
and their homogenous amorphous counterparts is measured. For the
investigation, a radiotracer technique via ion beam sputtering (89Zr
and 55Fe radioisotopes) is applied as well as SIMS profiling using sta-
ble isotopes. The tracer diffusion measurements are demonstrated to
represent a specific and sensitive probe of the structure modifications,
and the results are compared to the observations made by TEM and
APT.

MM 30.9 Thu 12:30 H46
Anomalous Liquids on a New Landscape: from Water to
Phase-Change Materials — ∙Shuai Wei — Aarhus University,
Aarhus, Denmark
A liquid that is cooled below its melting temperature, referred to as
a supercooled liquid, can solidify into an amorphous rigid state (i.e.,
glass), if cooling is fast enough and crystallization is avoided. The
phenomenology of supercooled liquids has been in general established.
However, there are pronounced exceptions (e.g., water) which do not
fall into the class of ”normal” liquids but exhibit a transition behavior
in their liquid states. The latest advances connect the unusual aspect
of liquids to the properties of Phase-Change Materials (PCMs) that
are the basis for non-volatile memory and neuromorphic technologies.
Here we demonstrate that the ”water-like” liquid anomalies exist in
many alloys based on group-IV, V, VI elements including technologi-
cally important PCMs. Heat capacity, density, and thermal expansiv-
ity maxima were observed in the (supercooled) liquid states of those al-
loys. Structural changes were monitored using in-situ X-ray scattering
and femtosecond X-ray diffractions. Dynamic properties were charac-
terized by quasi-elastic neutrons scattering. Their anomalous behav-
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iors can be rationalized in terms of liquid-liquid (metal-semiconductor,
and fragile-strong) transitions. These transition behaviors have im-
portant implications for understanding the unusual phase switching
behaviors in PCMs, in which amorphous phase can crystallize rapidly
within tens of nanoseconds at an elevated temperature, while it retains
excellent amorphous stability for 10 years at room temperature.

MM 30.10 Thu 12:45 H46
Thermophysical study of anomalies and transitions in liq-
uid Bi-Ga and Ga-In systems — ∙Yuri Kirshon1, Shir Ben-
Shalom1, Moran Emuna2, Yaron Greenberg2, Eyal Yahel2, and
Guy Makov1 — 1Department of Materials Engineering, Ben-Gurion
University of the Negev, Beer-Sheva 84105, Israel — 2Physics Depart-
ment, Nuclear Research Centre-Negev, Beer-Sheva 84190, Israel
Interest in the properties and applications of liquid metals has been
reignited and leading to innovative new pathways. Work on low-

melting alloys provided new products such as Galinstan liquid metal
thermometers, self-healing electronic devices and cooling systems for
high-temperature reactors. However, due to the experimental chal-
lenges, study of thermophysical properties of liquid binary systems
remains limited. In particular, Bi-Ga and Ga-In alloys have attracted
scientific interest due to possible changes in their liquid structure, re-
ported recently [Q.Yu (2017), Z.Wang (2017), Y.Kirshon (2019)]. In
the present contribution, we report on thermophysical measurements
conducted on Bi-Ga and Ga-In alloys. Custom table-top resistivity
and differential thermal analysis (DTA) setups are presented, includ-
ing a demonstration of their capability to capture subtle transitions
in the melts. We observed evidence of liquid-liquid crossover in the
liquid Ga-In, measured both systems at a temperature range in good
agreement with previous density measurements. In the Bi-Ga system,
we probed the liquid-liquid miscibility gap and were able to obtain the
latent heat and resistivity change during the liquid de-mixing process.
Both results were in good agreement with previous reports.

MM 31: Computational Materials Modelling: Physics of Ensembles 2

Time: Thursday 11:45–13:00 Location: H44

MM 31.1 Thu 11:45 H44
Making low-scaling GW accurate — ∙Jan Wilhelm1 and
Dorothea Golze2 — 1Institute of Theoretical Physics, University
of Regensburg — 2Faculty of Chemistry and Food Chemistry, TU
Dresden
In standard GW implementations, the computational cost is growing
as 𝑂(𝑁4) in the system size 𝑁 , which prohibits their application to
many systems of interest. I present a GW algorithm in a Gaussian-
type basis with a computational cost that scales with 𝑁2 to 𝑁3. It
will be shown that large minimax grids and resolution of the identity
with the truncated Coulomb metric improve the accuracy of the low-
scaling GW algorithm to < 0.01 eV for the GW100 test set. Large-scale
applications of low-scaling GW will be discussed.

MM 31.2 Thu 12:00 H44
Atomic cluster expansion parametrization of carbon for
a fast, accurate and transferable interatomic potential —
∙Minaam Qamar, Matous Mrovec, Yury Lysogorskiy, Anton
Bochkarev, and Ralf Drautz — Interdisciplinary Centre for Ad-
vanced Materials Simulation (ICAMS), Ruhr-University Bochum, Ger-
many
We present a parametrization of the atomic cluster expansion (ACE)
for carbon that can be employed in large-scale atomistic simulations
of complex phenomena. The ACE model is parametrized over an ex-
haustive dataset of important carbon structures at extended volume
and energy ranges, computed using highly accurate density functional
theory (DFT). Dispersion corrections are explicitly added to properly
account for long-ranged van der Waals interactions. A rigorous valida-
tion against DFT data reveals that ACE predicts accurately a broad
range of properties of both crystalline and amorphous C phases while
being significantly more computationally efficient than other popular
machine learning models. We demonstrate the predictive power of
ACE on two distinct applications: (1) brittle crack propagation in di-
amond at finite temperature, and (2) evolution of amorphous carbon
structures at different densities and quench rates.

MM 31.3 Thu 12:15 H44
Design and analysis of scattering data driven molecular dy-
namics simulation on the example of water and selected
crystals — ∙Veronika Reich1, Sebastian Busch1, and Mar-
tin Müller2 — 1German Engineering Materials Science Centre
(GEMS) at Heinz Maier-Leibnitz Zentrum (MLZ), Helmholtz-Zentrum
Hereon, Lichtenbergstr. 1, 85748 Garching bei München, Germany —
2Helmholtz-Zentrum Hereon, Max-Planck-Str. 1, 21502 Geesthacht,
Germany
Molecular dynamics simulations are an indispensable tool to preinves-
tigate neutron scattering experiments. For many systems reliable force
fields have been established and yield to significant simulations. On
the other hand a lot of systems still don’t have a satisfactory agreement
between experiment and simulation.

In this work we compare experimental data to different liquid water
model simulations and give an outline to crystal simulations.

We simulate the samples using molecular dynamics simulations using
the program LAMMPS. Subsequently we calculate the coherent and
incoherent scattering signals using the program SASSENA. Ensuing
we compare the outcomes to already existing experimental data and
evaluate changes in the underlying force fields in terms of their impact
on the behaviour of the simulation. Finally we compare the incoherent
calculations to mathematical models, which in turn we later fit to the
simulation.

The aim of our work is to create a simple to use workflow of molec-
ular dynamics simulations for scattering experiments.

MM 31.4 Thu 12:30 H44
Approximating nuclear quantum effects in solids by temper-
ature remapping — ∙Raynol Dsouza1, Liam Huber1, Blazej
Grabowski2, and Jörg Neugebauer1 — 1Max Planck Institut für
Eisenforschung GmbH, 40237 Düsseldorf, Germany — 2University of
Stuttgart, 70569 Stuttgart, Germany
The quantum nature of solids, which is especially important at low
temperatures, is often ignored in finite temperature atomistic simula-
tions. Formulations to estimate quantum anharmonic effects precisely,
such as the path integral method, are computationally demanding. Al-
though various acceleration approaches allowing quantum effects to be
fully accounted for in systems of hundreds of atoms have been pro-
posed over the last two decades, they can fall short when it comes to
modeling defects in solids, which can require significantly larger system
sizes. We present a new approach for approximating nuclear quantum
effects, exploiting a temperature map between the quantum system
and its best classical surrogate. This map is constructed using the
internal energies of classical and quantum harmonic oscillators within
the Debye model. To a good approximation, our approach captures
the impact of quantum effects on lattice constants, internal energies,
and heat capacities with almost no additional cost compared to purely
classical molecular dynamics simulations. Results for diamond cubic
carbon and silicon are in good agreement with available literature val-
ues, which use full path integral Monte-Carlo simulations. We also
show how this approach can be used to predict phase transition tem-
peratures, e.g. the FCC to BCC transition for calcium.

MM 31.5 Thu 12:45 H44
Sharp phase-field modeling of isotropic solidification with a
super efficient spatial resolution — ∙Michael Fleck and Felix
Schleifer — University of Bayreuth, 95447 Bayreuth, Germany
The phase-field method provides a powerful framework for microstruc-
ture evolution modeling in complex systems, as often required within
the framework of integrated computational materials engineering.
However, spurious grid friction, pinning and grid anisotropy seriously
limit the resolution efficiency and accuracy of these models. The en-
ergetic resolution limit is determined by the maximum dimensionless
driving force at which reasonable model operation is still ensured. This
limit turns out to be on the order of 1 for conventional phase-field mod-
els. Grid friction and pinning can be eliminated by a the restoration of
Translational Invariance (TI) in the discretized phase-field equation.
This is called the sharp phase-field method, which allows to choose sub-
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stantially coarser numerical resolutions of the diffuse interface without
the appearance pinning. We propose an accurate scheme to restore TI
locally in the local interface normal direction. The new model over-
comes grid friction and pinning in three dimensional simulations, and
can accurately operate at dimensionless driving forces up to the or-
der of 104. At one-grid-point interface resolutions, exceptional degrees

of isotropy can be achieved, if further the inhomogeneous latent heat
release at the advancing solid-liquid interface is mitigated. Imposing
a newly proposed source term regularization the new model captures
the formation of isotropic seaweed structures without spurious den-
dritic selection by grid anisotropy.

MM 32: Nanomaterials: Surface Effects

Time: Thursday 11:45–13:00 Location: H45

MM 32.1 Thu 11:45 H45
Effects of post anodization processes on the surface stability
of anodic aluminum oxide — ∙Lydia Daum, Stefan Ostendorp,
and Gerhard Wilde — Westfälische-Wilhelms-Universität, Münster,
Germany
The wide spectrum of different aluminum alloys enables the industry
an economically advantageous material with the desired mechanical
properties. In contrast to high-purity aluminum, the formation of a
thin protective alumina layer is suppressed, which leads to a lower
chemical corrosion resistance. Here anodization and the generation of
anodic aluminum oxides (AAOs) are mandatory to obtain a necessary
protective coating. The participating alloying elements are obstacles
for mechanical stresses inside the AAOs which promotes the formation
of nano- and microcracks at the surface. Thus, chemical attacks of the
aluminum alloy are more favorable.

The use of post anodization processes will densify the pores and flat-
ten the surface, which enhances the chemical resistance. A combina-
tion of nanoindentation studies and electron microscopy measurements
are analyzing the surface stability of AAOs. By varying the methods
in duration and medium, different wear, hardness and ductility char-
acteristics are visible.

MM 32.2 Thu 12:00 H45
Surfaces of nanoporous gold: rough and faceted? —
∙Stefan A. Berger1, Ulrike Dette1,2, Lingzhi Liu3, Jürgen
Markmann1,2, and Jörg Weissmüller2,1 — 1Helmholtz Zentrum
Hereon — 2Technische Universität Hamburg — 3Shenyang National
Laboratory for Materials Science
Nanoporous gold is an interesting model system for studying the im-
pact of surfaces on the properties of nanomaterials. The surface mor-
phology, faceted or rough, is of interest in that context. Scanning
electron micrographs almost invariably show smoothly curved surfaces
at the scale of the ligament size, suggesting roughness as opposed
to faceting. Here, we show that proper imaging conditions to reveal
facets, suggesting that the roughness may be an artifact of imaging.
We find that the roughness is most pronounced after annealing in oxy-
gen atmosphere. While low index facets are expected to prevail on
gold, we regularly also observe high index facets.

MM 32.3 Thu 12:15 H45
Understanding of the underlying field evaporation mecha-
nism of pure water tips in high electric fields — ∙Tim Max-
imilian Schwarz1, Guido Schmitz1, Nico Segreto2, Johannes
Kästner2, and Patrick Stender1 — 1University of Stuttgart, Insti-
tute for Materials Science, Chair of Materials Physics, Heisenbergstr.
3, 70569 Stuttgart, Germany — 2University of Stuttgart, Institute for
Theoretical Chemistry, Pfaffenwaldring 55, 70569 Stuttgart, Germany
Frozen liquids are challenging and rather new in the investigation by
atom probe tomography. However, recent progress in instrumentation,
especially the introduction of cryo transfer shuttles, and the develop-
ment of the required preparation routes to shape nanometric needles
of frozen liquids enable measurements of sufficient quality and size of
data sets to discover the typical features of this material class. In this
talk, we present the fragmentation behaviour of bulk frozen water as
an important matrix for biomolecules or solvent of electrolytes. The
obtained mass spectra are complex. However, this support of DFT
calculations of the molecule stabilities, we identify a systematic series
of protonated (H2O)nH3O+ events that represent a clear ”fingerprint”

for the existence of water. Remarkably, tailing and the exact mass
position of the two series differ, which provides evidence that the pro-
tonated fragments are permanently positively charged and therefore,
slightly drawn out of the dielectric surface before the evaporation event.

MM 32.4 Thu 12:30 H45
Synthesis of superparamagnetic iron oxide nanoparticles by
electron beam irradiation — ∙Johannes Dietrich1,2 and Ste-
fan Mayr1,2 — 1Leibniz-Institut für Oberflächenmodifizierung e.V.
(IOM), Permoserstraße 15, 04318 Leipzig — 2Universität Leipzig,
Fakultät für Physik und Geowissenschaften, Abteilung Oberflächen-
physik, Linnéstraße 5, 04103 Leipzig
Nanoparticles based on iron oxides are a highly versatile material used
in a broad range of applications, for instance embedding magnetic par-
ticles in polymer matrices to create ferrogels. A common procedure
is to synthesize the particles in separate processes, add them to the
gel and crosslink the polymer chains with nanoparticles by electron
beam treatment. Combining synthesis and crosslinking would offer
the possibility to create ferrogels by an one-step process.

In our work, we show a procedure to synthesize superparamagnetic
nanoparticles with a narrow size distribution and an average size of
approximately 5 nm directly by electron beam irradiation. The for-
mation of small amounts of nanoparticles could already observed for
doses of 50 kGy, but these particles showed a low crystallinity and a
higher percentage of amorphous particles. For higher doses increas-
ing crystallinity and yield could be observed, which is also reflected
in the higher saturation magnetization for samples irradiated with
higher doses. Additionally, particles irradiated with doses starting
from 150 kGy show a tendency to form bigger cluster with sizes from
34 nm to 73 nm.

MM 32.5 Thu 12:45 H45
Probing the oxide formation on Pt, Pd and Pt/Pd catalysts
during NO oxidation by Atom Probe Tomography (APT)
— ∙Yoonhee Lee1, Daniel Dobesch2, Ute Tuttlies2, Patrick
Stender1, Ulrich Nieken2, and Guido Schmitz1 — 1Institute of
Materials Science, University of Stuttgart, Heisenbergstr. 3, 70569
Stuttgart, Germany — 2Institute of Chemical Process Engineering,
University of Stuttgart, Böblinger Str. 78, 70199 Stuttgart, Germany
*Yoonhee.lee@mp.imw.uni-stuttgart.de
Inverse hysteresis behavior of Pt, Pd and PtPd alloy catalysts dur-
ing NO conversion can be attributed to the formation of metal oxides.
Even though there were many efforts to study the oxidation of these
noble metals experimentally, still the surface change of the pure cat-
alyst has not been observed yet. In this work, NO conversion mea-
surements were carried out with nanoparticles of Pt, Pd and Pt/Pd
alloy, produced by spark discharge method, in an isothermal flatbed
reactor. The catalyst was subjected to alternating heating and cool-
ing ramps in conditions prone to surface oxide formation. Besides,
the oxygen content formed on the surface of catalyst was determined
during Temperature-Programmed Reduction(TPR) in H2 atmosphere.
The same conditions (gas concentration, heating and cooling rate) of
the NO conversion experiments have been achieved in a reaction cham-
ber directly connected to the Atom Probe Tomography (APT) under
ultra-high vacuum conditions. The samples were exposed to the gas
and measured in APT. The 3D chemical structure was reconstructed
and the effective thickness of formed oxides was determined.
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MM 33: Computational Materials Modelling: Process Schemes / Oxides

Time: Thursday 15:45–18:30 Location: H44

MM 33.1 Thu 15:45 H44
How to Speed up First-Principles Based Geometry Optimiza-
tion with Small Numerical Basis Sets — ∙Elisabeth Keller,
Johannes T. Margraf, and Karsten Reuter — Fritz-Haber-
Institut der Max-Planck-Gesellschaft, Berlin, Germany
First-principles based geometry optimizations are often the most ex-
pensive part of high-throughput virtual screening studies for functional
materials. This is particularly true for large systems, i.e. when study-
ing complex surface reconstructions or nanoparticles. Here, the com-
putational cost is strongly influenced by the size of the basis set. Large,
converged basis sets result in precise equilibrium geometries, yet de-
mand high computational cost and thus limit the simulation scale.
Semiemprical methods using minimal basis sets offer a much lower
computational cost, but may yield unacceptably large and uncontrolled
errors. Furthermore, the availability of adequate parameterizations is
rather sparse across the periodic table.

In this presentation, we will discuss the potential of using near-
minimal basis sets for accelerating and enabling large-scale geometry
optimizations at the DFT level. For this purpose, we studied how the
size of the numeric atom-centered orbital (NAO) basis set in FHI-aims
impacts the accuracy of bulk geometries. We recover equilibrium ge-
ometries at a nearly converged level with a highly compact basis by
employing a simple short-ranged pair-potential correction. We show
the scheme’s ability to treat different systems across the periodic ta-
ble ranging from small molecules and clusters to large-scale bulk and
surface structures as well as complex molecule-surface interactions.

MM 33.2 Thu 16:00 H44
A machine-learned interatomic potential for crystalline and
amorphous silica — ∙Linus Erhard1, Jochen Rohrer1, Karsten
Albe1, and Volker Deringer2 — 1Institute of Materials Sci-
ence, Technische Universität Darmstadt, Otto-Berndt-Strasse 3, 64287
Darmstadt, Germany — 2Department of Chemistry, Inorganic Chem-
istry Laboratory, University of Oxford, Oxford OX1 3QR, United
Kingdom
Fitting an interatomic potential for silicon oxide that can be used
for both the amorphous and numerous crystalline phases has proven
to be difficult. This is already shown by the large number of inter-
atomic potentials published in the last decades. Here, we present a
machine-learned interatomic potential for silica, which is highly trans-
ferable between different crystalline polymorphs and the amorphous
phase. It predicts the thermodynamics of the system accurately and
is able to generate low-defect amorphous models by melt and quench
simulations. We also discuss the importance of choosing an appropri-
ated exchange-correlation functional for density-functional data input,
which is particularly important for silica. Since the generation of real-
istic amorphous structure models by melt-quench simulations is highly
dependent on the quench rate, we show new ways via hybrid simula-
tions that combine the speed of classical interatomic potentials with
the accuracy of machine-learning potentials. We also investigate the
extrapolation behavior of our machine-learning potential using high-
pressure simulations. Finally, we show first steps towards an inter-
atomic potential for mixed Si-SiO2 systems.

MM 33.3 Thu 16:15 H44
An all-functionals automatic workflow for IR and Raman
spectra — ∙Lorenzo Bastonero1 and Lorenzo Bastonero1,2

— 1University of Bremen, Bremen, Germany — 2EPFL, Lausanne,
Switzerland
IR and Raman spectroscopies are among the best methods for the
characterisation of materials at small scales, thanks to their fast mea-
surement and high sensibility to local composition and configuration.
Theoretical calculations are fundamental for the interpretation of ex-
perimental results and for the assessment of thermal properties. DFT
has been employed in the last decades as a reliable tool for the analysis
of these spectra, although the calculation of vibrational properties has
been limited to the use of few functionals. Here, we devise an auto-
matic user-friendly workflow for IR and Raman calculations within the
AiiDA infrastructure, which exploits the finite displacements and finite
fields to allow application to any complex functional. The package pro-
vides at the same time easy access and full customisability, relevant
both for less experienced users and more elaborate purposes such as

high-throughput searches.

MM 33.4 Thu 16:30 H44
A Workflow for Obtaining Robust Density Functional Tight
Binding Parameters Across the Periodic Table — ∙Mengnan
Cui, Johannes T. Margraf, and Karsten Reuter — Fritz-Haber-
Institut der MPG, Berlin, Germany
The Density Functional Tight Binding (DFTB) approach allows elec-
tronic structure based simulations at length and time scales far beyond
what is possible with first-principles methods. This is achieved by us-
ing minimal basis-sets and empirical approximations. Unfortunately,
the sparse availability of parameters across the periodic table is a sig-
nificant barrier to the use of DFTB in many cases.

In this contribution, we therefore propose a workflow which allows
the robust and consistent parameterization of DFTB across the pe-
riodic table. Importantly, the approach requires no element-pairwise
parameters and can thus easily be extended to new elements. Specifi-
cally, the parameters defining the band energy and repulsive potential
are obtained via Bayesian Optimization on a set of elemental solids.
In this way, robust baseline parameters can be obtained for arbitrary
element combinations. The transferability of the parameters and appli-
cations in hybrid DFTB/Machine Learning models will be discussed.

MM 33.5 Thu 16:45 H44
ChemiTEM - optimized solutions and workflows for elec-
tron microscopy in materials science and chemistry — ∙Walid
Hetaba1,2, Robert Imlau3, Liseth Duarte-Correa2, Maximilian
Lamoth2, Stephan Kujawa3, and Thomas Lunkenbein2 — 1Max-
Planck-Institut für Chemische Energiekonversion, Mülheim/Ruhr,
Deutschland — 2Fritz-Haber-Institut der MPG, Berlin, Deutschland
— 3Thermo Fisher Scientific, Eindhoven, Niederlande
Transmission electron microscopy (TEM) is an important and versa-
tile method for investigating materials on the nanoscale. Information
about the elemental composition and electronic structure can be ob-
tained while imaging the sample with atomic resolution. Such inves-
tigations are usually performed by TEM-experts. However, enabling
non-expert TEM users to perform such measurements would tremen-
dously improve the efficiency of TEM investigations in both, materials
science and chemistry. We therefore developed ChemiTEM: a set of
standardized workflows for data acquisition and analysis which are in-
tegrated in an app for tablets and smartphones to provide easy access
for all TEM users, irrespective of their level of experience. We tested
the ability of ChemiTEM in helping non-expert TEM users to col-
lect high quality data by having non-expert and expert TEM users
investigate the same sample. Using ChemiTEM, the data acquired
by the non-expert users were of similar quality to that of the data
recorded by the TEM-expert. Thus, we were able to show that using
the ChemiTEM app, TEM can be made available to everyone working
in materials science.

15 min. break

MM 33.6 Thu 17:15 H44
Determination of Formation Energies and Phase Diagrams of
Transition Metal Oxides with DFT+U — ∙Daniel Mutter1,
Daniel Urban1, and Christian Elsässer1,2 — 1Fraunhofer IWM,
Freiburg, Germany — 2Freiburger Materialforschungsinstitut (FMF),
Freiburg, Germany
Knowledge about formation energies of compounds is essential to de-
rive phase diagrams of multicomponent phases with respect to el-
emental reservoirs. The determination of formation energies using
(semi-)local exchange-correlation approximations of the density func-
tional theory exhibits well-known systematic errors if applied to ox-
ide compounds containing transition metal elements. We generalize
and reevaluate a set of approaches proposed and widely applied in
the literature to correct for errors arising from the over-binding of
the O2 molecule and from correlation effects of electrons in localized
transition-metal orbitals. The DFT+U method is exemplarily applied
to iron oxide compounds, and a procedure is presented to obtain the
U values, which lead to formation energies and electronic band gaps
comparable to the experimental values. Using such corrected formation
energies, we derive phase diagrams for LaFeO3, Li5FeO4, and NaFeO2,
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which are promising materials for energy conversion and storage de-
vices. A scheme is presented to transform the variables of the phase
diagrams from the chemical potentials of elemental phases to those of
precursor compounds of a solid-state reaction, which represents the
experimental synthesis process more appropriately. The workflow and
methods can directly be applied to other transition metal oxides.

MM 33.7 Thu 17:30 H44
A comparative study of the bulk properties of iron oxides cal-
culated using empirical potentials and ab-initio calculations
— ∙Ahmed Abdelkawy, Mira Todorova, and Jörg Neugebauer
— Max-Planck-Institut für Eisenforschung, Max-Planck-Str.1, 40470
Düsseldorf
Striving toward a green economy requires re-evaluating industrial pro-
cesses and looking for new routes to, e.g., obtaining iron from iron
ore. This necessitates understanding the steps involved in the reduc-
tion of iron oxides and leading to several phase transitions the final
product of which is iron. The optimization of the involved processes
will hugely benefit from an atomistic level understanding. Atomistic
simulation techniques are versatile but are dependent on the quality of
the used underlying empirical potentials. We therefore first evaluate
the applicability of interatomic potentials for this study by compar-
ing them to ab initio calculations. Specifically, we focus on a reactive
forcefield (ReaxFF) parametrized for these materials, which accounts
for the different oxidation states of each species (Fe and O) and enables
their variation depending on the local environment and coordination,
bond breaking, and making. We assess the reliability of the force field
by assessing various bulk properties of the relevant iron as compared
to density functional theory calculations. We find that a universal
forcefield that is able to accurately describe the three main iron oxides
(Magnetite, Hematite, and Wüstite) is difficult to obtain.

MM 33.8 Thu 17:45 H44
Uncertainty in Predicting Thermodynamic Properties of
TiO2 Polymorphs — ∙Olga Vinogradova, Pin-Wen Guan, Siy-
ing Li, and Venkatasubramanian Viswanathan — Carnegie Mellon
University, Pittsburgh, USA
Polymorphism of crystals directly leads to materials with vastly differ-
ent chemical and physical properties. However the lowest energy poly-
morphs often differ by only small amounts of energy. This makes it
challenging to predict relative properties using first-principles density
functional theory (DFT), which is significant in designing a material
for the desired application. In this work we apply computational uncer-
tainty within DFT to quantify the accuracy of stability and phase tran-
sition predictions under finite temperature and pressure. We study six
polymorphs of TiO2 using a set of six exchange-correlation functionals
to present a detailed sensitivity analysis using uncertainty capabilities
within the Bayesian Error Estimation Functional. We show that a
prediction confidence metric is particularly important for comparing
the stability of numerically close predictions. We show how the choice
of functional significantly affects predictions of phase transitions and
identify which structures and properties that have inherently large un-
certainties. From the trends observed in stability, finite-temperature,
and phase transition pressure predictions we propose that uncertainty
quantification provides a valuable insight in problems where drawn

conclusions are highly sensitive to the choice of the functional.

MM 33.9 Thu 18:00 H44
Self-consistent phonon calculations of lattice dynamical prop-
erties in cubic EuTiO3 comparing with experimental thermal
conductivity — ∙Chen Shen1, Wenjie Xie1, Xingxing Xiao1,
Anke Weidenkaff1, Terumasa Tadano2, and Hongbin Zhang1

— 1nstitute of Materials Science, Technical University Darmstadt,
Darmstadt 64287, Germany — 2Research Center for Magnetic and
Spintronic Materials, National Institute for Materials and Science,
Tsukuba, Japan
We investigate the role of the quartic anharmonicity in the lattice dy-
namics and thermal transport of the cubic EuTiO3 by combining ab
initio self-consistent phonon theory combined with compressive sensing
techniques experimental thermal conductivity determination measure-
ment. The antiferromagnetic G-type magnetic structure is used to
mimic the para-magnetic EuTiO3. We find that the strong quartic
anharmonicity of oxygen atoms plays an essential role in the phonon
quasiparticles free from imaginary frequencies in EuTiO3, causing the
hardening of vibrational frequencies soft modes. The hardened modes
thereby affect calculated lattice thermal conductivity significantly, re-
sulting in an improved agreement with experimental results, including
the deviation from 𝜅𝐿 ∝ 𝑇−1 at high temperature. The calculated
thermal conductivity of 8.2 W/mK at 300 K matched the experimen-
tal value of 6.1 W/mK. When considering the boundary scattering,
the calculated thermal conductivity is reduced to 6.9 W/mK at 300 K,
which agrees better with the experiment.

MM 33.10 Thu 18:15 H44
Simulated indentation on graphene oxide — ∙Javier Rojas-
Nunez1, Samuel Baltazar1, Eduardo Bringa2, and Alejandra
Garcia3 — 1Physics Department and CEDENNA, Universidad de
Santiago de Chile (USACH), Santiago, Chile — 2Laboratorio de sín-
tesis y modificación de nanoestructuras y materiales bidimensionales,
Centro de Investigación en Materiales Avanzados, Nuevo León, Méx-
ico — 3CONICET & Facultad de Ingeniería, Universidad de Mendoza,
Mendoza, Argentina
The better understanding of nanomaterial properties will be a key fac-
tor to tailor and enhance properties of new materials. Graphene oxide
in particular can be synthesized with different oxidation levels in or-
der so gain similar properties to its deoxidized counterpart, graphene.
Through the molecular dynamic simulations, the atomistic behavior of
a tri-layer graphene membrane under mechanical indentation will be
studied in this work.

This work will study a highly oxidized graphene oxide tri-layer that
will be indented with a repulsive spherical indentator. The modeling of
the membrane will generate single layer graphene oxide candidates to
pick the lowest energy configuration and later stack this layer over it-
self. The final tri-layer was used for the indentation simulation, where
the young modulus was reproduced with decent similarity to experi-
mental results.

The atomistic analysis of the indentation process suggest an im-
portant role of epoxide groups in the mechanical deformation of the
membrane.

MM 34: Data Driven Materials Science: Interatomic Potentials / Reduced Dimensions

Time: Thursday 15:45–18:30 Location: H45

MM 34.1 Thu 15:45 H45
Constructing Training Sets for Transferable Moment Tensor
Potentials: Application to Defects in Bulk Mg — ∙Marvin
Poul, Liam Huber, Erik Bitzek, and Joerg Neugebauer — Max-
Planck-Institut fuer Eisenforschung
Machine learned interatomic potentials promise to bring quantum me-
chanical accuracy to system sizes that are inaccessible with traditional
QM approaches. Here, we present a set of unary Mg Moment Tensor
Potentials[1] with different speeds and accuracies in the range of 100–
5meV/atom. We focus on understanding the role of the training data
in the fitting process. We discuss several ways in which the structural
complexity of the training structures and a physical understanding of
them helps to design an efficient training set construction. The result-
ing potentials are verified on out-of-fold structures, like vacancies, sur-

faces, and high-symmetry grain boundaries. This work is implemented
as a pyiron[2] workflow and we identify challenges and opportunities
of a fully automated setup to fit machine-learned potentials.

[1]: https://doi.org/10.1088/2632-2153/abc9fe
[2]: https://doi.org/10.1016/j.commatsci.2018.07.043

MM 34.2 Thu 16:00 H45
Active learning and uncertainty quantification for atomic
cluster expansion models — ∙Yury Lysogorskiy, Anton
Bochkarev, and Ralf Drautz — Atomistic Modelling and Simula-
tion, ICAMS, Ruhr-University Bochum, D-44801 Bochum, Germany
Interatomic potentials (IP) are widely used in computational materi-
als science, in particular for simulations that are too computationally
expensive for density functional theory (DFT). Recently the atomic
cluster expansion (ACE) was proposed as a new class of data-driven
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IP with basis set completeness. Development of any IP requires numer-
ous iterations and careful selection of training data. Thus automation
of both construction of training dataset as well as IP validation would
significantly speed up the development process. In this work we ap-
ply the Maxvol algorithm for training dataset selection and study the
extrapolation grade metric (Podryabinkin and Shapeev, 2017) in the
context of ACE and compare it to the query-by-committee approach
for uncertainty estimation. These methods allow us to introduce ex-
trapolation control in ACE models and to design different exploration
automated protocols for accurate interatomic potentials development.

MM 34.3 Thu 16:15 H45
Take Two: Δ-Machine Learning for Molecular Co-Crystals
— ∙Simon Wengert1,2, Gábor Csányi3, Karsten Reuter1, and
Johannes T. Margraf1 — 1Fritz Haber Institut der MPG, Berlin,
Germany — 2TU Munich, Germany — 3University of Cambridge, UK
Co-crystals are a highly interesting material class, as varying their
components and stoichiometry in principle allows tuning supramolec-
ular assemblies towards desired physical properties. The in silico pre-
diction of co-crystal structures represents a daunting task, however,
as they span a vast search space and usually feature large unit-cells.
This requires theoretical models that are accurate and fast to eval-
uate, a combination that can in principle be accomplished by mod-
ern machine-learned (ML) potentials trained on first-principles data.
Crucially, these ML potentials need to account for the description of
long-range interactions, which are essential for the stability and struc-
ture of molecular crystals. In this contribution, we present a strategy
for developing Δ-ML potentials for co-crystals, which use a physical
baseline model to describe long-range interactions. The applicability
of this approach is demonstrated for co-crystals of variable compo-
sition consisting of an active pharmaceutical ingredient and various
co-formers. We find that the Δ-ML approach offers a strong and con-
sistent improvement over the density-functional tight binding baseline.
Importantly, this even holds true when extrapolating beyond the scope
of the training set, for instance in molecular dynamics simulations at
ambient conditions.

MM 34.4 Thu 16:30 H45
Magnetic Atomic Cluster Expansion and application to Iron
— ∙Matteo Rinaldi, Matous Mrovec, and Ralf Drautz — In-
terdisciplinary Centre for Advanced Materials Simulation (ICAMS)
The atomic cluster expansion (ACE)[1,2,3] has proven to be a valuable
tool to parametrize complex energy landscapes of pure elements and al-
loys. However, its application to potential energy surfaces determined
also by additional degrees of freedom, such as magnetic moments, has
been still lacking. In particular, ferromagnetic materials cannot be
tackled with the original ACE formalism, where the single-site ener-
gies depend parametrically only on interatomic distances and chemical
species, since these descriptors cannot distinguish between atoms with
different magnetic moments. The solution of this issue was given theo-
retically by Drautz[4], where the ACE formalism was extended to take
into account additional labels of the atomic sites of scalar, vectorial
and tensorial nature by including them in the definition of the atomic
neighbor density. We have employed this formalism to parametrize a
magnetic ACE for the prototypical ferromagnetic element Fe using a
dataset of both collinear and non-collinear magnetic structures calcu-
lated with spin density functional theory. We will show that the new
ACE model is able to describe correctly not only various magnetic
phases of Fe at 0 K but also their finite temperature properties in
good agreement with the reference ab-initio and experimental values.

[1] R. Drautz, Phys. Rev. B 99, 014104. [2] Y. Lysogorskiy et al.,
npj Comput Mater 7, 97 (2021). [3] A. Bochkarev et al., Phys. Rev.
Materials 6, 013804. [4] R. Drautz, Phys. Rev. B 102, 024104.

MM 34.5 Thu 16:45 H45
Kernel Charge Equilibration: Learning Charge Distributions
in Materials and Molecules — ∙Martin Vondrak, Nikhil Ba-
pat, Hendrik H. Heenen, Johannes T. Margraf, and Karsten
Reuter — Fritz-Haber-Institut, Berlin, Germany
Machine learning (ML) techniques have recently been shown to bridge
the gap between accurate first-principles methods and computation-
ally cheap empirical potentials. This is achieved by learning a system-
atic relationship between the structure of molecules and their phys-
ical properties. However, the modern ML models typically repre-
sent chemical systems in terms of local atomic environments. This
inevitably leads to the neglect of long-range interactions (most promi-
nently electrostatics) and non-local phenomena (e.g. charge transfer),

which can lead to significant errors in the description of polar molecules
and materials (particularly in non-isotropic environments). To over-
come these issues, we recently proposed a ML framework for predicting
charge distributions in molecules termed Kernel Charge Equilibration
(kQEq). Here, atomic charges are derived from a physical model using
environment-dependent atomic electronegativities. These models can
be trained to reproduce electrostatic properties (e.g. dipole moments)
of reference systems, computed from first principles. The impact of
different fitting targets on predicted charge distributions is compared.
Furthermore, strategies for fitting to energies are discussed, including
combination of Gaussian Approximation Potential (GAP) with kQEq.

15 min. break

MM 34.6 Thu 17:15 H45
Machine Learning of ab-initio grain boundary Segregation
Energies — ∙Christoph Dösinger1, Daniel Scheiber2, Oleg
Peil2, Vsevolod Razumovskiy2, Alexander Reichmann1, and
Lorenz Romaner1 — 1Montanuniversität Leoben, Department of
Materials Science, Leoben, Austria — 2Materials Center Leoben
Forschung GmbH, Leoben, Austria
Grain-boundary (GB) segregation is an important phenomenon in al-
loys, where the resulting GB excess can strongly influence their prop-
erties, for example induce intergranular fracture or lead to phase
transformations. A fundamental quantity that uniquely describes the
propensity of a solute towards GB segregation is the segregation en-
ergy. It determines the tendency of a solute atom to enrich or deplete
at the GB. This quantity can be directly calculated from first princi-
ples. However, such calculations are computationally expensive and
can become computationally unfeasible as the complexity of the GB
crystal structure increases. The aim of this work is to reduce the
computational cost of GB segregation energies by applying machine
learning methods trained at series of representative DFT calculations
and expanding them to more complex GB structures. The atomic
structure, together with the segregation energies are used to train a
model, which then is employed to predict the segregation energy for
arbitrary segregation sites and GB types. In our work we apply this
method to tungsten alloys. The results show, that this approach in-
deed gives reliable results for the segregation energies and can be used
to get a complete description of segregation profiles.

MM 34.7 Thu 17:30 H45
Stability of binary precipitates in Cu-based alloys inves-
tigated through active learning and quantum computing
— ∙Angel Diaz Carral1, Xiang Xu2, Azade Yazdan Yar1,
Siegfried Schmauder2, and Maria Fyta1 — 1Institute for Compu-
tational Physics (ICP), Universität Stuttgart, Allmandring 3, 70569,
Stuttgart, Germany — 2Institut für Materialprüfung, Werkstoffkunde
und Festigkeitslehre (IMWF), Pfaffenwaldring 32 70569, Stuttgart,
Germany
Understanding the structure of thermodynamically stable precipitates
is of great interest in material science as they can affect the electri-
cal conductivity and mechanical properties of the matrix to a great
degree. In this work, we use a relaxation-on-the-fly active learning
algorithm in order to scan all possible binary candidates, for different
types and concentrations of alloy elements (mainly Cu, Si, and Ni).
Quantum-mechanical calculations are performed on a small number of
candidates to train and improve the machine-learned potential. The
model is then used to predict the enthalpy of formation of all can-
didates. The stability of binary precipitates, based on predicting the
convex hull, is further assessed by the phonon density of states analysis
calculated by classic and quantum computing.

MM 34.8 Thu 17:45 H45
How to teach my deep generative model to create new
RuO2 surface structures? — ∙Patricia König, Hanna Türk,
Yonghyuk Lee, Chiara Panosetti, Christoph Scheurer, and
Karsten Reuter — Fritz-Haber-Institut der MPG, Germany
Many widely used catalyst systems still hold complicated longstand-
ing structural puzzles that hamper their full atomistic understanding
and thus further knowledge based progress. Here, we address the well-
known RuO2 catalyst for the oxidative conversion of CO exhaust gases
in combustion processes.

To explore the chemical space of RuO2 surface structures, we trained
a Generative Adversarial Network (GAN) that is capable of cheaply
generating diverse structural guesses for novel surface structures. For
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the training set, 28,903 RuO2 surface terminations were created with a
grand-canonical basin hopping method. The atomic positions of these
structures were mapped to Gaussian densities on a three-dimensional
grid to generate the GAN input. We demonstrate how two-dimensional
images of cuts through RuO2 structures with inferred lattice lengths
and energy conditioning can be created as a first step to realistic three-
dimensional surface structures.

MM 34.9 Thu 18:00 H45
Data-Driven Design of Two-Dimensional Non-van der Waals
Materials — ∙Rico Friedrich1,2,3, Mahdi Ghorbani-Asl1,
Stefano Curtarolo2, and Arkady V. Krasheninnikov1,4 —
1Helmholtz-Zentrum Dresden-Rossendorf, Dresden — 2Duke Univer-
sity, Durham, USA — 3TU Dresden — 4Aalto University, Aalto, Fin-
land
Two-dimensional (2D) materials are traditionally associated with the
sheets forming bulk layered compounds bonded by weak van der Waals
(vdW) forces. The weak inter-layer interaction leads to a natural struc-
tural separation of the 2D subunits in the crystals, giving rise to the
possibility of mechanical and liquid-phase exfoliation as well as en-
abling the formulation of exfoliability descriptors.

The unexpected experimental realization of non-vdW 2D com-
pounds, for which the previously developed descriptors are not ap-
plicable, opened up a new direction in the research on 2D systems
[1]. Here, we present our recent data-driven search for representatives
of this novel materials class [2]. By screening the AFLOW database
according to structural prototypes, 28 potentially synthesizable candi-
dates are outlined. The oxidation state of the surface cations is found
to regulate the exfoliation energy with low oxidation numbers giving
rise to weak bonding — thus providing an enabling descriptor to ob-
tain novel 2D materials. The candidates showcase a diverse spectrum

of appealing electronic, optical and magnetic features.
[1] A. Puthirath Balan et al., Nat. Nanotechnol. 13, 602 (2018).
[2] R. Friedrich et al., Nano Lett. 22, 989 (2022).

MM 34.10 Thu 18:15 H45
Robust recognition and exploratory analysis of crystal struc-
tures via Bayesian deep learning — ∙Andreas Leitherer, An-
gelo Ziletti, and Luca M. Ghiringhelli — The NOMAD Labo-
ratory at the Fritz Haber Institute and at the Humboldt University of
Berlin, Germany
Atomic-resolution studies are routinely being performed in modern
materials-science experiments. Artificial-intelligence tools are promis-
ing candidates to leverage this valuable – yet underutilized – data
in unprecedented, automatic fashion to discover hidden patterns and
eventually novel physics. Here, we introduce ARISE (Nat. Com-
mun. 2021, https://doi.org/10.1038/s41467-021-26511-5), a crystal-
structure-identification method based on Bayesian deep learning. As a
major step forward, ARISE is robust to structural noise and can treat
more than 100 crystal structures, a number that can be extended on de-
mand. While being trained on ideal structures only, ARISE correctly
characterizes strongly perturbed single- and polycrystalline systems,
from both synthetic and experimental sources. The probabilistic na-
ture of the Bayesian-deep-learning model yields principled uncertainty
estimates, which are found to be correlated with crystalline order of
metallic nanoparticles in electron-tomography experiments. Applica-
tion of unsupervised learning to the internal neural-network represen-
tations reveals grain boundaries and (unapparent) structural regions
sharing interpretable geometrical properties. This work enables the
hitherto hindered analysis of noisy atomic structural data from com-
putations or experiments.

MM 35: Nanomaterials: Structure & Properties

Time: Thursday 15:45–18:30 Location: H46

MM 35.1 Thu 15:45 H46
Structural and Electronic Reconstruction of Hexagonal
Boron Nitride Interlayers Steps — ∙Subakti Subakti1,2, Mo-
hammadreza DaqiqShirazi3, Felix Kern1,2, Daniel Wolf1,
Thomas Brumme3, Bernd Büchner1,2, and Axel Lubk1 —
1Leibniz Institute for Solid State and Materials Research Dresden,
Helmholtzstraße 20, 01069 Dresden, Germany — 2Institut für Fes-
tkörperphysik, TU Dresden, D-01062 Dresden, Germany — 3Chair of
Theoretical Chemistry, Technische Universität Dresden, Bergstrasse
66, 01069 Dresden, Germany
The electrostatic potential of condensed matter provides not only
atomic structure, but also the electronic structure that underlies the
chemical bonding formation of atoms within one molecule. Off-axis
electron holography (EH) technique allows us to probe the volume-
averaged electrostatic potential (in crystalline materials over the unit
cell) of the specimen with respect to a vacuum reference region. There-
fore, a conjunction EH medium and high resolution data analysis and
electrostatic potential based ab-initio calculation will be powerful for
simultaneous atomic scale reconstruction and imaging. Visible pro-
jected potential jump at the edges of two adjacent monolayers hexag-
onal boron nitride (h-BN) will be addressed here as our data analysis
suggest that it could be signature for the increased charge delocaliza-
tion due to the formation of an additional covalent bond of the 2p
orbitals in the rolled-up edge.

MM 35.2 Thu 16:00 H46
Atom Probe Study of self-assembled Monolayers — ∙Helena
Solodenko, Patrick Stender, and Guido Schmitz — University
of Stuttgart, Institute for Materials Science, Heisenbergstr. 3, 70569
Stuttgart
Atom probe tomography is a well-established characterization tech-
nique for metals, semiconductors, oxides and minerals. However, mea-
surement of organic matter and biological materials is still challenging.
Field evaporation of organic species leads to detection of CxHy groups,
instead of single atoms. The fragmentation of the molecules possibly
depends on the applied electric field strength and the nature of chem-
ical bonding. Self-assembled monolayers (SAMs) represent a suitable
model system to study the fundamental questions about field evapora-

tion of such systems, since they represent a well-defined molecular film
with a limited number of possible molecular fragments. Furthermore,
a chemical bond is formed between substrate surface and the head-
group the SAM. By variation of the field strength, we expect to learn
more about the field evaporation process and thus about the binding
energies of the SAMs. We present measurements of alkane-thiolates
on Pt and silanes on ZnO by laser-assisted APT. The backbone evap-
orates in the form of small hydrocarbon fragments consisting of one to
four C atoms, while S evaporates exclusively as single ions. With in-
creasing laser power, a significant trend towards larger fragment sizes
is observed. Furthermore, comparison with liquid alkanes and cross
linked alkane networks is insightful which demonstrates a continuous
transition from evaporation of complete molecules to single atoms.

MM 35.3 Thu 16:15 H46
Tuning the Electronic Properties of Mesocrystals — ∙Stefan
Manuel Schupp1, Christian Jenewein2, Bing Ni2, Lukas
Schmidt-Mende1, and Helmut Cölfen2 — 1Unitversity of Kon-
stanz, Department of Physics, Universitätsstraße 10, 78462 Konstanz,
Germany — 2Unitversity of Konstanz, Department of Chemistry, Uni-
versitätsstraße 10, 78462 Konstanz, Germany
Colloidal crystals consisting of periodically aligned nanocrystalline
building blocks, so-called mesocrystals, are promising candidates for
nanostructured metamaterials. The high degree of order of the
nanoparticles in the crystal results in a well-defined facet-to-facet
distance which is determined by the used capping agents. In this
work, we were able to grow micrometer-sized platinum nanocube-based
mesocrystals with various capping agents and perform electrical mea-
surements on individual crystals with a nanoprobing system. The ex-
tracted resistances increase with larger interparticle distances which
can be attributed to the predominantly thermally activated tunneling
mechanism in these superstructures. However, an additional anneal-
ing step leads to a decrease in resistance by seven orders of magnitude
due to formed mineral bridges. After this treatment, the electronic
properties are mainly determined by the nanomaterial itself. Finally,
we were able to transfer these findings onto multi component super-
structures consisting of platinum and iron oxide nanocubes. In these
binary mesocrystals the ratio of the nanoparticle types can be varied
to tune the electrical conductivity even further while simultaneously
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allowing to combine properties of both nanomaterials.

MM 35.4 Thu 16:30 H46
Direct Visualization of Ordered Mesoporous Silica Using
Atom Probe Tomography — ∙Kuan Meng and Guido Schmitz
— University of Stuttgart, Institute for Materials Science, Heisen-
bergstr. 3, 70569, Stuttgart, Germany
Inspired by enzyme catalytic reaction, heterogeneous catalysis with
mesoporous support materials is considered as the fundamental for
modern chemical synthesis. However, the synergistic interplay between
the catalysts and the pores is still unknown. To realize this, the struc-
ture of the mesoporous supports needs characterizing at first. Atom
Probe Tomography, due to its subatomic resolution, strong chemical
mapping power and direct visualization capability, is becoming a great
candidate for mesoporous structure characterization. Yet to unfold its
charm, pores must be filled.

In this work, Ordered Mesoporous Silica (OMS) filled with two dif-
ferent polymers, CDEAB and DCPD, was investigated. Firstly, both
obtained mass spectra can be intepreted as a plausible combination
of signature peaks between silica and polymers. Secondly, the porous
network of OMS was visualized using neighboring analysis and the
pore size turned out in the mesoporous range. Especially in the case
of OMS filled with DCPD, the visualized network appeared to be reg-
ularly hexagonal, showing great resemblence with TEM images from
similar pore orientations. Last, the obtained data were compared with
the result of TAPsim simulations in order to understand the flaws in
the visualization and to improve the understanding of the reconstruc-
tions.

MM 35.5 Thu 16:45 H46
plastic deformation of nanoporous gold modified with organic
layers: a TEM study — ∙Xin Zhang and Nadiia Mameka —
Institute of Materials Mechanics, Helmholtz-Zentrum hereon, 21502
Geesthacht, Germany
As a result of their large specific surface area, strength of high-specific
area materials must be sensitive to environment and surface chem-
istry. This notion is confirmed, e.g., by the enhanced flow stress found
in single metal nanowires [1] and metallic networks like nanoporous
metals when their surface is modified by adsorbed layers or surface
coatings [2]. Yet, experimental studies of microstructural origins of
the surface constraints impact on small-scale plasticity is still in its
infancy. Here, were examine a defect structure of plastically deformed
nanoporous gold (NPG) via ex-situ transmission electron microscopy.
We exploit self-assembled monolayers (SAM) to modify a surface of
NPG as inspired by a substantial flow stress increase due to SAM ad-
sorption reported in [3]. In bare NPG deformed by rolling, we reveal
higher density of twins consistent with [4]. In the deformed NPG with
SAM, the formation of twins is strongly suppressed near the surface.
Meanwhile, the existence of the organic layer apparently increases the
density of twins in NPG. In the contribution, we discuss the TEM ob-
servations and link them to the findings from mechanical tests of the
SAM-modified NPG. [1] Shin et al, Acta Mat. 166 (2019) 572e586. [2]
Wu et al, Mater. Res. Lett. 6 (2018) 508. [3] Mameka et al, ACS
Appl. Nano Mater. 1 (2018) 6613. [4] Liu, Weissmüller, Mater. Res.
Lett. 9 (2021) 359.

15 min. break

MM 35.6 Thu 17:15 H46
Electrochemical actuation and tunable stiffness of hierarchi-
cal nanoporous gold via surface modification — ∙Olga Matts
and Nadiia Mameka — Helmholtz-Zentrum Hereon, Geesthacht,
Germany
Recently developed dealloying strategies towards nanoporous metals
with structural hierarchy [1] open up new opportunities for functional
behavior of this class of materials. The larger pores at the higher hier-
archical level (characterized by diameters around 200 nm) of the hier-
archical nanoporous metals (hc np) can promote fast mass exchange,
while nanopores at the lower hierarchy level (below 30 nm) provide a
large surface area. To explore the notion we employ electroactive self-
assembled monolayers and conductive polymer polypyrrole for surface
functionalization of hc np Au and np Au with unimodal pore size. Ac-
tuation and Young*s modulus behavior of the hybrid materials were
then analyzed in situ in a dynamical mechanical analyzer and dilatome-
ter upon potential cycling in aqueous electrolytes. We revealed pro-
nounced variations in the macroscopic length change as well as elastic

modulus in response to the voltage-induced redox reactions of the or-
ganic films at the np electrodes. In the contribution, we discuss the
origin of the observations and compare the functional performance of
both types of the hybrids based on np Au.

[1] Shi et al., Science 371, 1026*1033 (2021).

MM 35.7 Thu 17:30 H46
Laser-Ultrasonics Reveals the Complex Mechanics of
Nanoporous Silicon — ∙Marc Thelen1, Nicolas Bochud2,
Manuel Brinker1, Claire Prada3, and Patrick Huber1,4,5 —
1MXP, TUHH, Hamburg, Germany — 2MSME, CNRS UMR 8208,
UPEC, Univ Gustave Eiffel, Creteil, France — 3Institut Langevin, ES-
PCI Paris, Université PSL, CNRS, Paris, France — 4CXNS, DESY,
Hamburg, Germany — 5CHyN, UHH, Hamburg, Germany
Nanoporosity in silicon leads to completely new functionalities of this
mainstream semiconductor with numerous discoveries in fields rang-
ing from nanofluidics and biosensorics to drug delivery, energy storage
and photonics. Nevertheless, the mechanical properties, critical for
a variety of applications, remain difficult to characterise comprehen-
sively. The study presented here aims to address this problem by
utilising laser-excited elastic guided waves, detected in dry and liquid-
infused porous silicon. Among other things, the experiments reveal
that the self-organised formation of 100 billions of parallel nanopores
per square centimetre cross section results in an effective stiffness re-
duction of about 80 %, a nearly isotropic elasticity perpendicular to the
pore axes and a higher stiffness along the pore axis, altogether leading
to significant deviations from bulk silicon. This thorough assessment
of the wafer-scale mechanics of nanoporous silicon and recent break-
throughs in laser ultrasonics therefore open up entirely new frontiers
for in-situ, non-contact and non-destructive mechanical characterisa-
tion of complex porous material systems [1].

[1] Thelen, M., Bochud, N. et al., Nat Commun., 12, 3597 (2021)

MM 35.8 Thu 17:45 H46
Fabrication and compressive behavior of monolithic
nanoporous niobium at macroscale — ∙Seoyun Sohn1,2,
Shan Shi2,1, Jürgen Markmann1,2, and Jörg Weissmüller2,1

— 1Institute of Materials Mechanics, Helmholtz-Zentrum hereon,
Geesthacht, Germany — 2Institute of Materials Physics and Technol-
ogy, Hamburg University of Technology, Hamburg, Germany
Studying the mechanical performance of nanoporous (np) metals al-
lows us to understand nanoscale solids as well as to design functional
applications. However, the majority of studies have been confined
to face-centered cubic noble metals such as gold and palladium due
to high electronegativity which facilitates preparation by dealloying.
Since the electrochemical or chemical dealloying involves a selective
dissolution of less noble constituent(s) in an electrolyte solution, the
remaining constituent should be nobler to form a bicontinuous porous
structure. Niobium (Nb) on the other hand is less noble than gold,
has higher stiffness and lower ductility, and its crystal lattice is body-
centered cubic. In this work, np Nb was fabricated out of Ni75Nb25 by
liquid metal dealloying; the ligament size could be controlled from 400
nm to more than 1 um by adjusting dealloying time and temperature.
Each sample body is a few mm in size and freestanding, which allows
us to perform conventional macro-compression tests to measure the
strength and stiffness of the nano-ligament scaffold. Our observations
support that the material strength is enhanced with smaller ligaments.
More interestingly, our np Nb shows extremely anomalous compliance.

MM 35.9 Thu 18:00 H46
Maximal Anderson Localization and Suppression of Sur-
face Plasmons in Two-Dimensional Random Au Networks
— ∙Johannes Schultz1, Karl Hiekel2, Pavel Potapov1, Pavel
Khavlyuk2, Alexander Eychmüller2, and Axel Lubk1 —
1Leibniz Institute for Solid State and Materials Research Dresden,
Helmholtzstraße 20, 01069 Dresden, Germany — 2Chair of Physical
Chemistry, TU Dresden, Zellescher Weg 19, 01069 Dresden, Germany
2D random metal networks possess unique electrical and optical prop-
erties, such as almost hundred percent optical transparencies and low
sheet resistance, which are closely related to their disordered struc-
ture and may be exploited in various applications. Here we present a
detailed experimental and theoretical investigation of their plasmonic
properties, revealing Anderson (disorder-driven) localized surface plas-
mon (LSP) resonances of large quality factors and spatial localization
close to the theoretical maximum. The LSPs typically consist of mul-
tiple field hotspots with a well-defined correlation distance. Moreover,
they disappear above a geometry-dependent threshold at ca. 1.6 eV in
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the investigated networks, explaining their large transparencies in the
optical spectrum. Electron energy loss spectroscopy in combination
with scanning transmission electron microscopy was applied for the
experimental studies. Both, the high spatial (≈1 nm) and spectral
(≈50meV) resolution allows to study the variety of LSP modes in
terms of excitation energy and spatial localization. The theoretical
study is based on a coupled dipole model, which allows modeling of
large plasmonic systems by exploiting Babinet’s principle.

MM 35.10 Thu 18:15 H46
Laterally aligned nanowires: Targeted process design
and alignment control — ∙Jasmin-Clara Bürger, Sebastian
Gutsch, and Margit Zacharias — Laboratory for Nanotechnol-
ogy, Department of Microsystems Engineering - IMTEK, University of
Freiburg, Georges-Köhler-Allee 103, 79110 Freiburg, Germany
For sensors, tin oxide nanowires (NWs) have shown superior properties
due to their unique geometry, which allows for high sensitivities. NWs

are often grown in freestanding mode for which metallization via stan-
dard lithography techniques is not applicable. In the production of
single NW-based sensors, a multistep process has to be applied and an
individual contacting of the NWs by, e.g., e-beam lithography becomes
mandatory. Here, the use of planar NWs, i.e., laterally aligned NWs, is
of advantage since the removal step from the growth substrate can be
skipped and the NWs can be grown at defined positions. Due to their
epitaxial contact with the monocrystalline growth substrate, the NWs
are self-aligned towards the substrate lattice. However, the parameter
space of these NWs is even smaller than for freestanding NWs. Based
on finite element simulation and thermodynamic considerations, we
developed a model for the growth of laterally aligned NWs.[1,2] The
simulations and theory are supported by experimental results. Follow-
ing, the preparation of longitudinal TEM lamella of individual NWs
and AFM measurements allowed us for nanoscopic insight into the NW
alignment on the growth substrate.[2]

[1] J.-C. Bürger et al., Beilstein J. Nanotechnol. (2020), 11, 843-853;
[2] J.-C. Bürger et al., Cryst. Growth Des. (2021), 21 (1), 191-199
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