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(Anti)Ferroelectric HfZrO2: from non volatile memory to en-
ergy storage applications — eBERTRAND VILQUIN, GREGOIRE MAGA-
GNIN, JORDAN BOUAZIZ, MARTINE LE BERRE, SARA GONZALEZ, INGRID
CANERO INFANTE, BRICE GAUTIER, KEVIN ALHADA-LAHBABI, DAMIEN
DELERUYELLE

Robust Data Generation, Heuristics and Machine Learning for
Materials Design — ¢JANINE GEORGE

Thin film combinatorial studies of functional magnetic materials
— eNORA DEMPSEY

Shedding Light on Polar Topological Textures — eSALIA CHERIFI-
HERTEL

Piled higher, probed deeper: X-ray insights into ferroelectric de-
vices — eMARTINA MULLER

Stabilizing antiferroelectricity in PbZrO3 thin films using epitax-
ial tensile strain — e VINCENT GARCIA

Strain effects in free-standing membranes of antiferroelectric Lead
Zirconate — eUMAIR SAEED, HUAZHANG ZHANG, DAVID PESQUERA,
PuiLipPE GHOSEZ, NINI PRYDS, JOSE SANTISO, FELIP SANDIUMENGE,
GUSTAU CATALAN

Topological thermoelectrics for solid state cooling — eYU PAN,
CLAUDIA FELSER

Mapping topological textures in compensated magnets with X-
rays — eCLAIRE DONNELLY
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Stochastic-Calculus Approach to Non-equilibrium Statistical
Physics — eCAI DIEBALL

Nonuniform magnetic spin textures for sensing, storage and com-
puting applications — eSABRI KORALTAN

Anomalous Quantum Oscillations beyond Onsager’s Fermi Sur-
face Paradigm — eVALENTIN LEEB

Coherent Control Schemes for Semiconductor Quantum Systems
— eEVA SCHOLL

On stochastic thermodynamics under incomplete information:
Thermodynamic inference from Markovian events — eJANN VAN
DER MEER
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Material-Based Edge Computing

9:30-10:00 HSZ/AUDI Finding Neuromorphic Advantage with Magnetism — eJOHAN
MENTINK
10:00-10:30 HSZ/AUDI  Accelerating Neural Networks Computation with Ferroelec-
tric Oxides — eLAURA BEGON-LOURS, NIKHIL GARG, ALEXANDRE
BaicoL, ANWESHA PANDA, NATHAN SAVOIA, ALEXANDER FLASBY
10:30-11:00 HSZ/AUDI a photonic approach to probabilistic computing — eWOLFRAM
PERNICE
11:15-11:45 HSZ/AUDI  Tackling Reliability and Scalability in Neuromorphic Comput-
ing via Noise-aware Learning — eELENI VASILAKI
11:45-12:15 HSZ/AUDI  Bayesian nanodevices for trustworthy artificial intelligence —
eDAMIEN QUERLIOZ
Sun  16:00-18:15 HSZ/0002 Hands-on Tutorial: HyperSpy — Multidimensional data
analysis using Python (joint session FM/TUT)
Mon  9:30-11:30 BEY/0138  Energy Materials
Mon  9:30-12:00 POT/0151 Focus Session: Novel mechanisms of ferroic switching (joint
session MA /FM)
Mon 15:00-17:45 BEY/0138 Focus Session: (Anti)ferroic states — Non-conventional
states I
Mon 15:00-18:00 BEY/0E40 Focus Session: Holistic structural and safety assessment of
battery materials and cells
Tue 9:30-12:45 BEY/0138 Focus Session: Materials Discovery I — Material informatics
Tue 9:30-11:45 BEY/0E40 Crystal Defects and Real Structure Physics in Diamond and
Functional Materials 1
Tue 9:30-12:30  POT/0112 Multiferroics and Magnetoelectric Coupling (joint session
MA /FM)
Tue 14:00-15:30 BEY/0138 Focus Session: Materials Discovery II — High throughput
searches for functional magnetic materials (joint session
FM/MA)
Tue 14:00-15:30 BEY/0E40 Crystal Defects and Real Structure Physics in Diamond and
Functional Materials IT
Tue  18:00-20:30 P4 Poster Session Functional Materials
Wed  9:30-13:00 BEY/0138 German-French Focus Session: Materials Research in Polar
Oxides — From Domain Engineering to Photonic and Elec-
tronic Devices 1
Wed 10:15-11:30 SCH/A251  Topical Session: Dislocations in Functional Materials I (joint
session MM /FM)
Wed 15:00-16:00 BEY /0138  Focus Session: Materials Research in Polar Oxides — From
Domain Engineering to Photonic and Electronic Devices II
Wed 15:00-15:45 BEY/0E40 Nanoscale Probing of Functional Properties
Wed 15:45-17:15 SCH/A251 Topical Session: Dislocations in Functional Materials II
(joint session MM /FM)
Thu 9:30-10:00 BEY/0138  Highlighted Talk: Piled higher, probed deeper: X-ray in-
sights into ferroelectric devices (Martina Miiller)
Thu 10:15-12:45 BEY/0138 German-French Focus Session: (Anti)ferroic states — ferro-
electrics, ferroelastics and antiferroelectrics IT
Thu 10:15-12:45 BEY/0E40 Advanced Microscopy and Tomography for Functional Ma-
terials
Thu 13:30-17:00 Infineon Excursion and Network-Event at Infineon Dresden AG
(joint session FM /HL)
Thu 18:00-18:45 BEY/0138 Members Assembly
Fri 9:30-12:45 BEY/0138  Focus Session: Materials Discovery III — New materials and
functionalities by general principles
Fri 9:30-11:30 BEY/0E40 Focus Session: (Anti)ferroic states — Magnetic and magne-

toelectric III (joint session FM/MA)
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Members’ Assembly of the Functional Materials Division

Thursday 18:00-18:45 BEY/0138
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session FM/TUT)

HyperSpy is a community-developed, open-source library providing a framework to facilitate interactive
analyses of multidimensional datasets — in particular spectrum images — in an easy and reproducible
fashion. It facilitates the application of analytical procedures operating on individual spectra/images to
a multi-dimensional dataset and gives easy access to tools that exploit the multi-dimensionality of the
dataset. Born out of the electron microscopy scientific community and building on the extensive scientific
Python environment, HyperSpy provides tools to efficiently explore, manipulate, and visualize complex
datasets of arbitrary dimensionality, including those larger than a system’s memory. The HyperSpy
ecosystem includes Python packages that provide dedicated routines for many electron microscopy-
based measurement techniques, but also for luminescence spectroscopy and other fields. Through the
library RosettaScilO, the reading and writing of a large range of file formats is supported.

Please bring your laptop. There will be limited power outlets in the room, so come with a fully charged
battery.

Materials will be made available from 01.03.2026 via a dedicated GitHub repository. Participants are
encouraged to download them ahead of time, set-up Python on their computer following the instructions

FM 1: Hands-on Tutorial: HyperSpy — Multidimensional data analysis using Python (joint

and run the jupyter notebooks presented during the tutorials on their laptops:

https://github.com/LumiSpy/DPG2026-Tutorial

Organized by Jonas Liéhnemann (PDI Berlin), Benedikt Haas (HU Berlin), Aidan Campbell (PDI
Berlin), Hannah C. Nerl (HU Berlin) and Magnus Nord (NTNU Trondheim).

Time: Sunday 16:00-18:15

FM 1.1 Sun 16:00 HSZ/0002
Introduction to HyperSpy — eJonas LAHNEMANN!, AmpaN F.
CampBELL!, HaNNAH C. NERL?, MacNus Norp2, and BENEDIKT
Haas? — 1Paul-Drude-Institut fiir Festkdrperelektronik, Berlin, Ger-
many — 2Department of Physics, Humboldt Universitét, Berlin, Ger-
many — 3Department of Physics, Norwegian University of Science and
Technology, Trondheim, Norway

The session begins with a brief introduction to HyperSpy that with its
2.0 release has grown to an ecosystem of Python packages that pro-
vide dedicated routines for electron microscopy-based measurement
techniques such as EELS, EDX, 4DSTEM, holography, tomography
and CL, but also for luminescence spectroscopy. In general, it can be
useful for any measurement, where a signal is mapped over multiple
dimensions (position, time, angle, ...).

Tutorial FM 1.2 Sun 16:15 HSZ/0002
Hands-On Session 1: General usage HyperSpy/RosettaScilO
— eJonas LAHNEMANN — Paul-Drude-Institut fiir Festkorperelek-
tronik, Berlin, Germany

In the initial tutorial, we will show how to easily read in data from a
variety of formats and introduce the basic data structure of HyperSpy.
General data operations, artefact removal and plotting functionalities
as a basis of reproducible data analysis workflows will be covered as
well.

Tutorial FM 1.3 Sun 16:45 HSZ/0002
lumiSpy for luminescence spectroscopy — eAipaN CAMPBELL
— Paul-Drude-Institut fiir Festkorperelektronik, Berlin, Germany

This session will focus on tools ideal for analysing data recorded with
cathodoluminescence, photoluminescence or related spectroscopy tech-
niques. We will demonstrate convenience functions for rapid spec-
troscopy data analysis, model fitting, and visualisation. Luminescence

Location: HSZ/0002

spectroscopy may also lead to more complicated data sets with spec-
tral, spatial and time dimensions for which we showcase interactive
tools for navigating and understanding this data.

Tutorial FM 1.4 Sun 17:15 HSZ/0002
Hyperspy for Electron Energy-loss Spectroscopy — eHANNAH
NERL — Humboldt Universitédt zu Berlin, Berlin, Germany

This hands-on session demonstrates a complete electron energy-loss
spectroscopy (EELS) analysis workflow using HyperSpy and its exSpy
extension. Participants will work through practical examples cov-
ering essential preprocessing steps including spectral alignment and
drift correction, followed by quantitative analysis techniques such as
model-based peak fitting and automated peak tracking across multi-
dimensional datasets. The tutorial emphasizes reproducible analysis
pipelines, showcasing how to leverage principal component analysis
(PCA) for noise reduction in low-signal regimes. All examples use real
EELS datasets and focus on practical workflows applicable to both
core-loss and low-loss spectroscopy of 2D materials and nanostruc-
tures. Participants will gain hands-on experience with Jupyter note-
books that can be directly adapted to their own research data.

Tutorial FM 1.5 Sun 17:45 HSZ/0002
Using pyXem for magnetic and structural analysis of 4D-
STEM data — eMacNus NorD — Norwegian University of Science
and Technology, Trondheim, Norway

pyXem is an extension of HyperSpy with a focus on data processing
of 4D-STEM data: from crystallographic analysis using Scanning Pre-
cession Electron Microscopy (SPED), to magnetic imaging with Scan-
ning Transmission Electron Microscopy - Differential Phase Contrast
(STEM-DPC). In this tutorial, we will show how one can study the
crystal structure and domain structure in a nanostructured magnetic
material.
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FM 2: Energy Materials
Chair: Anna Griinebohm (Ruhr Universitdt Bochum, DE)

Time: Monday 9:30-11:30

FM 2.1 Mon 9:30 BEY/0138
Fundementals of elctrochemical hydrogen charging of MAX
phases and their storage potential — eREBEcA Mivar, AbDAM
C. MiLEs, MANOJ PRABHAKAR, LILIAN VoGL, GERHARD DEHM, YUG
JosH1, BARAK RATZKER, and MARIA JAzMIN DUARTE — Max Planck
institute for Sustainable Materials, Diisseldorf, Germany

Hydrogen storage remains a central challenge in the transition to re-
newable energy systems, as current technologies face limitations in
scalability, safety, and efficiency. MAX phases, a class of nanolam-
inated carbides and nitrides composed of an early transition metal,
an A-group element, and carbon or nitrogen, are perspective candi-
dates for solid-state hydrogen storage due to their layered structure,
which provides potential interstitial trapping sites. Although many
theoretical studies discuss their hydrogen trapping behaviour, experi-
mental evidence remains limited and previous work has focused only
on gas-phase hydrogenation. Here, we present the first systematic
study of electrochemical hydrogen charging and desorption in Ti2A1C
and Ti3AlC2, which differ in their metal/ceramic layer ratio. Hydro-
gen trapping and release were analysed using thermal desorption spec-
troscopy, Kelvin probe measurements, and electrochemical methods.
Two dominant trap types were identified in both materials, with their
relative contributions reflecting the layer ratio. These results provide
new insight into hydrogen permeation and trapping in MAX phases.

FM 2.2 Mon 9:45 BEY/0138
Multilayer Na intercalation in bilayer graphene — eMaHDI
GHORBANI-AsL and ARKADY V. KRASHENINNIKOV — Institute of Ion
Beam Physics and Materials Research, Helmholtz-Zentrum Dresden-
Rossendorf, 01314 Dresden, Germany.

The intercalation of atomic and molecular species into layered materi-
als has emerged as a powerful route for creating novel encapsulated
two-dimensional systems with tunable physical properties. Among
these, alkali-metal intercalation in graphitic carbon has been widely
explored for energy-storage applications. However, sodium (Na) inter-
calation into bulk graphite is predicted to be energetically unfavorable,
making it particularly challenging to realize experimentally. In this
work, we combine first-principles calculations with scanning transmis-
sion electron microscopy (STEM) to investigate Na intercalation into
bilayer graphene. Using DFT simulations, we analyze the energetics
and atomic structures of Na intercalants in single-layer and multilayer
configurations, and evaluate how charge transfer between graphene
and the Na atoms affects their stability. Our simulations reveal that
the lowest-energy structure is an fcc trilayer with an A-B-C stacking
sequence, whose projected atomic arrangement is fully consistent with
the STEM observations. These findings provide new insight into Na
intercalation mechanisms and may support the development of future
sodium-ion battery technologies.

FM 2.3 Mon 10:00 BEY/0138
The Role of Lone Pairs in Fast Oxide Ion Conduction in
Bip gPrp.201 5 — eMarciN KryNski — Warsaw University of Tech-
nology

Elucidating the microscopic processes that enable rapid oxide-ion
transport is key to advancing solid electrolyte design. In this study,
we integrate total neutron scattering with reverse Monte Carlo mod-
elling and ab initio molecular dynamics to dissect the structural and
electronic mechanisms underlying a pronounced conductivity increase
observed across the order/disorder phase transition. Our results reveal
that this transition is driven not by changes in the cation framework,
but by a collective reorganization of oxide ions and local coordina-
tion environments. Specifically, oxide ions shift from the edges of
fluorite-like blocks into the van der Waals gap, where they gain ac-
cess to extended, predominantly two-dimensional diffusion pathways.
Concurrently, BiO4 units undergo a subtle yet systematic reorienta-
tion linked to the stereochemical activity of Bi3* lone pairs. Although
the local coordination of Bi remains largely preserved, the orientation
of these lone pairs evolves in tandem with the redistribution of oxide
ions, suggesting a dynamic coupling reminiscent of a paddle-wheel-type
mechanism. This interplay between lone-pair-driven asymmetry and
anion mobility provides a unified mechanistic picture of how structural

Location: BEY /0138

flexibility and electronic degrees of freedom cooperate to enhance high-
temperature oxide-ion transport. The insights gained here establish
general principles for designing fast-ion conductors in systems where
active lone pairs play an essential role.

Coffee break
FM 2.4 Mon 10:30 BEY/0138

Metal Poisoning of Nafion Proton Exchange Membrane —
eSouvik MiTral, Jiaviang Liu!, KrisTiNa FROHLICH!, SIMONE
KoceERD2, CHRIsTOPH SCHEURER?!, and RUDIGER-A. EicHEL! —
HET-1, Forschungszentrum Jiilich GmbH, 52425 Jiilich, DE — 2Fritz-

Haber-Institute der MPG, 14195 Berlin, DE

Metal-ion contamination of Nafion proton-exchange membranes
(PEMs) remains a persistent durability and performance issue in PEM
fuel cells. Metal cations originating from insufficiently deionized feed
water, coolant leaks, or corrosion of metallic cell components can ex-
change with protons at the sulfonate groups (SOj3 ) of Nafion, thereby
reducing proton conductivity and overall cell performance.

In this work, we combine atomistic molecular dynamics simulations
with in-plane conductivity measurements to build a consistent picture
of how a broad series of mono-, di-, and trivalent cations affect trans-
port in Nafion under comparable conditions. For monovalent ions (Lit,
Nat, and K1), our study reveals a reversal of the familiar mobility
trend of these cations in the presence of Nafion membrane compared
to bulk water, reflecting the competition between ion hydration and
specific binding to the SO3 groups of Nafion. Our study also shows
that, as cation charge increases from +1 to +2 to +3, their mobility
drops significantly, correlating with longer residence times at sulfonate
sites and increasingly multidentate SO3 coordination.

Our study highlights the strengths of simulations in elucidating the
atomistic origin of diffusivity trends, but also their challenges in mak-
ing reasonable physical approximations.

FM 2.5 Mon 10:45 BEY/0138
Synchrotron X-ray Characterization of Irradiated Ag/PVA
Polymer Electrolyte — MOHAMED SALAH SOLIMAN AsSsER and
eMOHAMED SALAH SOLIMAN AsSerR — Polymer Chemistry Depart-
ment, National Center for Radiation Research and Technology, Egyp-
tian Atomic Energy Authority, Cairo, Egypt.

Polymer electrolyte membrane thin films were developed and charac-
terized for potential use in electroconductive applications. Polymer
composites of polyvinyl alcohol (PVA), sulfuric acid, ethanol, and sil-
ver nitrate were prepared using both casting and dip-coating tech-
niques. For the dip-coating method, glass slides were first cleaned
by immersion in acetone, rinsed with isopropanol, and dried. The pre-
pared polymer composite solutions were then dip-coated onto the glass
substrates. The coated slides were irradiated at three doses: 62 J/cm2
(low), 251 J/cm2 (medium), and 502 J/cm2 (high) using the DXRL
beamline. High-resolution X-ray diffraction (HR-XRD) analyses were
performed at the Elettra Synchrotron Laboratory, Trieste, Italy, using
the MCX beamline at a glancing angle of 1°. The X-rays had an en-
ergy of 12 keV (A = 1.033 A) Diffraction patterns were recorded in
the 260 range of 1*80° with a step size of 0.01° and an exposure time
of 1 s per step for the Ag*PVA samples.

FM 2.6 Mon 11:00 BEY/0138
Tailoring Electrochemical Functionality of Transition-Metal
Glycerolates for Next-Generation Energy Storage Devices —
eArt Hyprr!2, IrLAN S LiMa2, Zanp vinan Kuan2, Avaz ALl
MeMon?, and Lucio AnceNEsZ — !National Centre of Excellence in
Analytical Chemistry, University of Sindh, Jamshoro 76080, Pakistan
— 2Departament de Quimica Fundamental, Institute de Quimica, Uni-
versity of Sao Paulo, Av. Prof. Lineu Prestes, 748 * 05508-000, Sao
Paulo, SP, Brazil

Abstract Metal glycerolates are emerging as promising precursors and
active materials for electrochemical energy-storage systems due to their
tunable coordination chemistry, oxygen-rich structures, and flexible ar-
chitectures. In this study, transition-metal glycerolates (Mn, Co, Ni,
Cu, Fe) were synthesized via a controlled solvothermal method to ex-
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plore how formation and nanoscale morphology influence electrochem-
ical performance. Structural analyses show that the resulting M*O*C
networks form layered or clustered architectures that enhance ion diffu-
sion and electron transport. Used as electrode materials either directly
mild thermal treatment the glycerolates exhibit strong pseudo capaci-
tance, improved redox kinetics, and good stability. Metal glycerolytes
deliver the highest capacitance due to synergistic redox activity and
accessible surfaces. Overall, the results demonstrate the potential of
metal glycerolates as low-cost, versatile candidates for advance hybrid
energy-storage devices.

FM 2.7 Mon 11:15 BEY/0138
Thermoelectric properties of In-doped Bi2Te3 crystalline
bulk alloys — eArLaa Apam! and E. IBRAHIM2 — 1Sohag University
— 2Sohag university
Influence of indium doping on the structure, morphology and thermo-
electric properties of bulk Bi2Te3 is investigated in the current work.
Bi2Te3 and Bi2-xInxTe3 crystalline bulk samples have been fabricated

using a simple mono-temperature melting method. Analyses employ-
ing X-ray diffraction (XRD) and scanning electron microscopy (SEM)
techniques proved the existence of the concerned phases. In addition,
morphology and internal structure have been examined via the scan-
ning electron microscopes and the energy dispersive X-ray (EDX) spec-
troscopy. Thermoelectric properties were determined in a temperature
range between 300*700 K. The electrical conductivity (o) against the
temperature showed metallic-like behavior. Carrier concentration has
increased with in-doping. The Seebeck coefficients (S) of the synthe-
sized alloys proved the domination of n-type conduction due to consis-
tently negative S values. The largest Seebeck coefficient was recorded
at 203.5 *V/ K which was observed at 700 K for the pristine Bi2Te3
sample. The highest power factor was found at PF = 5.46 mWm-1K-2,
obtained for Bi2Te3 at room temperature. Thermal conductivity was
measured and studied against temperature elevation. It was found
that the thermal conductivity of the In-doped Bil.98In0.02Te3 alloys
are significantly reduced compared with that of the pure Bi2Te3 ma-
terial.

FM 3: Focus Session: Novel mechanisms of ferroic switching (joint session MA/FM)

This focus session highlights recent advances in ferroic switching across ferroelectric, multiferroic, fer-
roaxial and magnetic systems. Topics include topologically protected order-parameter dynamics, ultra-
fast non-thermal switching, and complex domain-wall phenomena revealed by atomistic modeling, ul-
trafast optics and advanced imaging. Contributions span machine-learning-based simulations of domain
kinetics, optical control of ferroaxial and structural orders, multiferroic multi-cell memory concepts, and
theoretically predicted unidirectional domain-wall motion with time-crystal behavior. Together, these
works uncover new switching pathways and robust functional mechanisms, offering promising routes
toward energy-efficient memory and quantum devices.

Organizer: Andrei Pimenov, andrei.pimenov@tuwien.ac.ac

Time: Monday 9:30-12:00

Invited Talk FM 3.1 Mon 9:30 POT/0151
From ML to Kinetics: Modeling the Switching in Ferro-
electric Wurtzites — e ANDREW RAPPE, DREwW BEHRENDT, ATANU
SAMANTA, and VoN BRAUN NAsSCIMENTO — Department of Chem-
istry, University of Pennsylvania, Philadelphia, PA 19104-6323 USA

We present a series of works, from the development of a new force field
(MLFF) for multi-scale simulations of bulk AIN, through application
of MLFF to understand the atomistic switching mechanism, to the de-
velopment of a new kinetic model to uncover how switching changes
as a function of experimental conditions.

We train our MLFF to 1000s of DFT calculations, so the underlying
calculations are as accurate as DFT with the flexibility in simulation
size of classical MD. Powered by the MLFF, we can predict the ener-
gies, forces, and phonon dispersions of AIN at dramatically lower cost,
thus enabling the study of emergent and long-range effects, such as the
frequency-dependent dielectric functions and multiple FE domains.

Applying the AIN MLFF, we uncover the atomistic mechanism of
domain wall (DW) migration and domain growth in wurtzites. We
find that the critical nucleus is a single broken Al-N bond along the
polar axis; this creates a cascade of bond breaking in a single column
of atoms due to the stability of the 180° DW in wurtzites. We reveal
the switching mechanism of 1D atomic columns propagating from a
slow-moving 2D fractal-like DW in the basal plane.

Finally, we develop an analytical extension to the KAI model that
accounts for fractal FE domains. To do this, we take the traditional
model of circles that can nucleate and grow and add a budding term.

Invited Talk FM 3.2 Mon 10:00 POT/0151
Topological order parameter switching — eSERGEY ARTYUKHIN
— Quantum Materials Theory, Genova, Italy

Ferroic orders are widely used to encode information in data storage
devices and may provide a beneficial way to circumvent Boltzmann
tyranny affecting conventional MOSFET memory [1]. However, in-
formation writing involves order parameter switching, facilitated by
domain nucleation and motion of domain walls across a disordered
material, which leads to energy dissipation. Recently, an alternative
order parameter switching paradigm has been introduced, where the
ordered state tracking the free energy minimum continuously rotates
the order parameter direction as the free energy surface is deformed by

Location: POT/0151

an external driving [2]. The process is analogous to Thouless pumping
and is topologically protected. A related mechanism allows pumping
of topological spin textures in space [3].

[1] S. Manipatruni, D. E. Nikonov, I. A. Young, Nature Physics 14,
338 (2018)

[2] L. Ponet et al., Nature 607, 81-85 (2022)

[3] L. Maranzana et al., arXiv:2502.13083

Invited Talk FM 3.3 Mon 10:30 POT/0151
Optical Control of Ferroaxial Order via Circular Phonon
Excitation — eZurvancg Zencb?2, MicHAEL FOrsT!, MICHAEL
FecHNER!, DHARMALINGAM PRABHAKARANZ, PAoLO RADAELLI?, and
ANDREA CavALLERI? — 1Max Planck Institute for the Structure and
Dynamics of Matter, Hamburg, Germany — 2Department of Physics,

Clarendon Laboratory, University of Oxford, Oxford, United Kingdom

Ferroaxial order is a distinct ferroic order in crystal systems character-
ized by a rotational texture of electric dipoles. Its unique symmetry
prohibits direct coupling to static fields or stress, making conventional
control approaches ineffective.

Based on symmetry analysis, we identify a coupling between the
ferroaxial order and circularly driven optical phonons, which can be
resonantly excited with circularly polarized mid-infrared light. Ex-
ploiting this coupling, we experimentally achieve reversible, deter-
ministic switching of the ferroaxial order in the prototype material
RbFe(Mo04)2 using single-shot excitation.

This work establishes a new mechanism for manipulating ferroax-
ial order via light-driven phonons, enabling dynamic control of ferroic
properties in complex materials.

15 min break

FM 3.4 Mon 11:15 POT/0151
Coherent Control of Competing Structural Orders in Sr-
TiO3 — eM. Fecuner!, H. Wanc?, M. ForrsT!, G. ORENSTEINZ,
A. Disa3, M. Trico?, and A. CavaLLEr) — !Max Planck Insti-
tute for the Structure and Dynamics of Matter, Hamburg, Germany
— 2Stanford Pulse Institute, SLAC National Accelerator Laboratory,
Menlo Park, CA, USA — 3School of Applied & Engineering Physics,
Cornell University, Ithaca, NY USA



Dresden 2026 — FM

Monday

The interplay between antiferrodistortive (AFD) rotation and polar
instability prevents the formation of ferroelectric order in SrTiO3 yet
keeps the paraelectric-to-ferroelectric transition on the verge of emerg-
ing. Light excitation has been shown to induce metastable ferroelec-
tricity[1], but the response of the AFD order to such optical driving
remains unclear. Here we use time-resolved X-ray scattering to track
AFD-order dynamics, launched by mid-infrared excitation of the Ti-O
stretching vibration, from 10 K to 135 K above the cubic transition. In
the tetragonal phase below 110 K, the AFD order transiently increases
before the AFD angle is reduced, whereas in the cubic phase rota-
tional fluctuations initially grow before being strongly suppressed|2].
A unified lattice model, incorporating nonlinear coupling of the ex-
cited infrared phonon to the AFD mode and to strain, captures both
regimes. With a single set of coupling parameters, we reproduce behav-
iors for both phases, indicating a common underlying mechanism that
also constrains explanations for the light-induced ferroelectric state.

[1] T.F., et al. Nova Science 364, 1075 (2019), [2] M. Fechner, et al.
NatMat, 23, 363 (2024)

FM 3.5 Mon 11:30 POT/0151
Multi-cell unit storage based on a multiferroic — eMAaKsIM
Ryzukov!, ALEXEY SHUVAEV!, Maxim MosTovoy?, ANDREI
PiveENov!, ANNa Pivenov!, and SERGEY ARTYUKHIN® — lInstitute
of Solid State Physics, Vienna University of Technology, Vienna,
Austria — 2Zernike Institute for Advanced Materials, University of
Groningen, Groningen, The Netherlands — 3Quantum Materials The-
ory, Istituto Italiano di Tecnologia, Genova, Italy

Recent advances in multiferroic materials offer promising prospects for
next-generation memory and data-processing devices. Previous stud-
ies [1,2] have shown that rare-earth manganates RMn2 O3, particularly
with R = Gd, are strong candidates for storage applications due to
their topologically protected four-state magnetoelectric switching and
the efficient electric-field control of this switching.

In this work, we demonstrate that this system enables the realization
of a multi-cell storage unit capable of encoding and decoding at least
five bits. We show that only two key ingredients are required:

(i) the four-state magnetoelectric switching observed during magnetic-
field sweeps, and

(ii) a ferroelectric domain structure in the bulk together with local in-
homogeneities (e.g., internal mechanical stresses) that produce a dis-
tribution of the spin-flop critical field H. across different domains.
Thus, the magnetoelectric domains in GdMn2Op are not an unwanted
bug but an essential feature enabling multi-cell functionality.

[1] L. Ponet, et al., Nature 607, 81-85 (2022)

[2] H. Wang, et al., PRL 134, 016708 (2025)

FM 3.6 Mon 11:45 POT/0151
E-field induced unidirectional motion of domain wall in a fer-
romagnet and time crystals — eMARGHERITA PArRODI} 2, SERGEY
ARTYUKHIN', and MaxiM Mostovoy? — 'Quantum Materials The-
ory, Italian Institute of Technology, Genova, Italy — 2Physics Depart-
ment, University of Genova, Italy — 3Theory of Condensed Matter,
Zernike Institute for Advanced Materials, Groningen, The Netherlands

Noncollinear spin textures may break inversion symmetry and induce
ferroelectric polarization, giving rise to multiferroicity. Here we study
the most basic noncollinear spin texture: a domain wall in a collinear
(anti)ferromagnet. The spin chirality of the domain wall is analogous
to that in spiral multiferroics and likewise leads to ferroelectric po-
larization. Here we find that oscillating magnetic and electric fields
can drive a unidirectional motion of the magnetic texture, similar to
how electrons are transported by the Thouless pump. Furthermore,
for certain periods of a driving field, the domain wall demonstrates
complex behaviour akin to a time crystal, with the period equal to an
integer multiple of the driving periods. The phenomenon arises due to
a mismatch between the natural timescale of the domain wall motion
and the driving field period.

FM 4: Focus Session: (Anti)ferroic states — Non-conventional states |

chair: Nives Strkalj (University of Zagreb, HR)

This focus session explores recent advances in understanding and control of (anti)ferroic states. Empha-
sis will be placed on theoretical modelling, advanced characterization techniques, and the engineering
of emergent properties for use in nano-electronic devices. The session aims to bridge fundamental re-
search with emerging device-relevant functionalities, bringing together experimental, and theoretical

perspectives on ferroic materials.

Time: Monday 15:00-17:45

Invited Talk FM 4.1 Mon 15:00 BEY /0138
(Anti)Ferroelectric HfZrO2: from non volatile memory to
energy storage applications — eBERTRAND VILQUIN!, GRE-
GOIRE MAGAGNINZ, JORDAN Bouaziz®, MARTINE LE BERRE!, SARA
GonzaLeEz?, INGRID CANERO INFANTE2, BricE GauTier!, KEvIN
AvLnapa-LanBaBi', and DamieN DEeLERUYELLE! — 'INSA Lyon,
Ecole Centrale de Lyon, CNRS, Universite Claude Bernard Lyon 1,
CPE Lyon, INL, UMR5270, 69621 Villeurbanne, France — 2CNRS,
INSA Lyon, Ecole Centrale de Lyon, Universite Claude Bernard Lyon
1, CPE Lyon, INL, UMR5270, 69621 Villeurbanne, France — 3Ecole
Centrale de Lyon, INSA Lyon, CNRS, Universite Claude Bernard Lyon
1, CPE Lyon, INL, UMR5270, 69621 Villeurbanne, France

Fluorite-structured HfZrO2 and ZrO2 thin films are promising for both
non-volatile memory and energy storage applications. Antiferroelec-
tric (AFE) capacitors were fabricated by PE-ALD and annealed using
BEOL-compatible thermal budgets. All devices exhibit AFE double
hysteresis loops, with polarization strongly dependent on film thickness
and annealing temperature. Phase-field modeling reveals thickness-
driven phase transitions enabling low-voltage, high-polarization oper-
ation. These characteristics are relevant for future AFE FET. Energy
storage performances of linear dielectric (LD), ferroelectric (FE), and
AFE films are compared. While FE films show high energy density but
large losses, LDs offer high efficiency with low storage density. AFE
ZrO2 provides an optimal balance, reaching up to 84 J/cm3 with 75%
efficiency. These results position HfZrO2 as a multifunctional platform
bridging memory and energy storage technologies.

FM 4.2 Mon 15:30 BEY/0138

Location: BEY /0138

From metal to oxide: Oxygen vacancy evolution in HfO> con-
trolled by PLD — eBERK YiLpirRiM!, OLIVER REHM!, PHiLIPP
GEBAUER!, MaRc NEUMANN!, ANDREI GLOSKOVSKII®, CHRISTOPH
ScHLUETER?, LuTz BAUMGARTEN?, RoN TENNE?, and MARTINA
MULLER! — 1FB Physik, U Konstanz — 2FZ Jiilich — 3DESY, Ham-
burg — *Technion, Haifa, Israel

Hafnium dioxide (HfO2) has emerged as a ferroelectric material for
non-volatile memory applications. The ferroelectric phase is linked to
the presence and amount of oxygen vacancies (OVs), but their direct
experimental observation is challenging. In this work, a combination
of in situ soft X-ray and ex situ hard X-ray photoelectron spectroscopy
is used to trace the evolution of OVs. To systematically control the
oxidation and OV concentration in HfO2, 120 nm films are grown from
stoichiometric targets by pulsed laser deposition (PLD) without oxygen
supply, but varying the SrTiO3 (001) substrate temperature T. With
increasing T, the amount of metallic Hf is systematically reduced, while
the oxide fraction increases. The evolution of Hf 4f spectral features is
evaluated as the indirect signature of the T-dependent OV concentra-
tion through the Hf3* /Hf** spectral weight. In addition, photolumi-
nescence measurements confirm the presence and T-dependent varia-
tion of OVs. In situ RHEED, ex situ AFM and XRD validate T-driven
changes in morphology and structure, linking Hf oxidation state, va-
cancy concentration and film properties. These results demonstrate
that T-controlled oxidation enables a systematic control of OVs and
helps clarify how defects influence the formation of ferroelectric HfOs.

FM 4.3 Mon 15:45 BEY/0138

Influence of Different Transition-Metal defect Dipoles on

Polarization Rotation in BaTiO3 — eALDO RAELIARIJAONAL,
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RonaLD E. ConeN?, and ANNA GRUNEBOHM! — 1Ruhr-Universitét,
Bochum,Germany — 2Carnegie Institution for Science, Washington
D.C.,, US.A

Ferroelectric materials are an important class of materials for various
technological applications such as non-volatile random-access mem-
ory mainly due to spontaneous electric polarization. Key ferroelectric
property is the switching mechanism induced by an electric field. How-
ever, defect dipoles in ferroelectrics can act like a bias field or restoring
forces to rotation of the polarization after an electric field has been ap-
plied and then removed. Using first-principles molecular dynamics, we
compare polarization rotation induced by defect dipoles, in which di-
valent transition metal dopants on the perovskite B-site couple with
neighboring oxygen vacancies, in the archetypical ferroelectric BaTiO3.
We compare the effects of Cu?T, Mn?t, and Fe?t dopants. We find
that copper is much more efficient at enhancing electromechanical cou-
pling or restoring polarization direction, over manganese or iron. We
relate this effect of chemistry to the shape and bonding of the transi-
tion metal cations.

FM 4.4 Mon 16:00 BEY/0138
Reentrant relaxor behaviours in Ba(Ti0.85Zr0.15)03-
Bi(Zn2/3Nb1/3)0O3 — eViaDIMIR SHVARTSMAN!, Eva KroLL!,
BoriaNa MinaiLova?, VapziMm HaroNIN3, Juras Banvys3, and
Doru Lupascu! — University Duisburg-Essen, Essen, Germany —
2University of Hamburg, Hamburg, Germany — 3Vilnius University,
Vilnius, Lithuania

Upon decreasing temperature, thermodynamic systems usually trans-
form from a disordered high symmetry phase to a more ordered phase
with lower symmetry. However, in some cases an unusual phase
sequence is observed, where after this *normal* transition, an or-
dered system reenters a disordered phase. We observed the reen-
trant behavior in the relaxor ferroelectrics (1-x)Ba(Ti0.85Zr0.15)03-
xBi(Zn2/3Nb1/3)O3 (x = 0 - 0.15) by analysis of temperature depen-
dences of the dielectric permittivity. Namely, a frequency-independent
maximum associated with the ferroelectric phase transition is followed
by a frequency-dependent anomaly at lower temperatures, which is
typical of relaxors. Raman spectroscopy revealed a competition be-
tween polar and antiferrodistortive modes. Softening of the polar mode
related to correlated B-cation displacements leads to the ferroelectric
phase transition. On the other hand, correlated antiferrodistortive
rotations of the oxygen octahedra give rise to nanometer size clus-
ters of antipolary shifted A-site cations distributed within the polar
matrix. Slowing down the dynamics of these clusters leads to the low-
temperature dielectric anomaly and reentrant relaxor behavior.

FM 4.5 Mon 16:15 BEY/0138
Time-domain thermoreflectance for monitoring thermal con-
ductivity switching in ferroelectric thin film — eWasim
Akram!, STEFAN DiLHAIREZ?, THOMAS MAROUTIAN®, and GUILLAUME
F. Narar! — IGREMAN UMR?7347, CNRS, Université de Tours,
France — 2CNRS-LOMA /UMR5798, Université de Bordeaux, France
— 302N, CNRS, Université Paris-Saclay, France

Ferroelectric materials that exhibit thermal conductivity switching un-
der external stimuli could serve as promising candidates for thermal
conductivity switches [1,2]. To integrate these switches into miniatur-
ized devices, nanoscale ferroelectric films are essential. In this work, we
aim to study ferroelectric thin films and propose to manipulate their
thermal conductivity by applying an electric field. To monitor the ther-
mal conductivity, we employ time-domain thermoreflectance (TDTR).
In TDTR, the sample surface is periodically heated with a far-infrared
pump laser through a metallic transducer, and the resulting thermore-
flectance response is probed using a delayed probe laser. The probe
reflectivity change is directly related to the temperature evolution at
the sample surface. The analysis relies on multilayer heat-transfer
models that incorporate the substrate, film, and transducer. How-
ever, modelling is sensitive to several experimental constraints, includ-
ing non-uniform interface properties and interfacial thermal resistance.
Here, we address these challenges by optimizing both data-acquisition
and sample-preparation methods. We use a home-made software based
on Thermal Quadrupole model to fit the signal received by the pho-
todetector [3]. Additionally, we propose to apply an electric field to
ferroelectric films to modulate their domain structures, with the goal
of achieving multiple fold switching of thermal conductivity. This ap-
proach could pave the way toward a device-compatible ferroelectric
thermal conductivity switch. [1] Ihlefeld et al. Nano Letters 15 (3),
1791-1795 (2015). [2] Nataf et al. Nature Reviews Materials 9, 530
(2024). [3] Dilhaire et al. J. Appl. Phys. 110, 114314 (2011).

Coffee break
FM 4.6 Mon 16:45 BEY/0138

Correlated domain and crystallographic orientation mapping
in uniaxial ferroelectric polycrystals by interferometric vec-
tor piezoresponse force microscopy — eRUBEN DRAGLAND!,
JaN ScrurrsEIss!, Ivan UsHakov!, RoGer ProkscH?, and DENNIS
MEeier!34 — INTNU Norwegian University of Science and Technol-
ogy, Trondheim, Norway — 2Asylum Research an Oxford Instruments
Company, Santa Barbara, USA — 3University of Duisburg-Essen,
Duisburg, Germany — *Research Alliance Ruhr, Bochum, Germany

Advances in scanning probe microscopy techniques are expanding the
possibilities for nanoscale characterization of functional materials, giv-
ing new opportunities for correlated studies of their local properties.
Here, we apply a recent extension of piezoresponse force microscopy
(PFM) for simultaneous mapping of polarization domains and local
crystallographic orientation in a uniaxial ferroelectric. By shifting
the laser beam position on the cantilever, direction-dependent piezore-
sponse signals are acquired analogous to classical vector PFM, but
without the need to rotate the sample. Using polycrystals of the
uniaxial ferroelectric ErMnOg3 as a model system, we demonstrate
that the reconstructed piezoresponse vectors correlate one-to-one with
the crystallographic orientations of the micrometer-sized grains, carry-
ing grain-orientation and domain-related information. We establish a
versatile platform for rapid, multimodal characterization of polycrys-
talline uniaxial ferroelectrics, enabling automated, high-throughput re-
construction of polarization, and grain orientations with nanoscale pre-
cision.

FM 4.7 Mon 17:00 BEY/0138
Optical control of ferroelectric polarization in epitaxial lead
titanate thin films — eVALENTINE GILLIOZ, MANFRED FIEBIG, and
MoRrGAN TRrassIN — ETH Zurich, Switzerland

In this work, we use light as an active tool for remotely and dy-
namically controlling ferroelectricity in epitaxial PbTiOgz-based thin
films and heterostructures. The exposure to above-bandgap ultravio-
let (UV) light enables the manipulation of charge-screening dynamics
via the accumulation of photo-induced charge carriers at the bottom
electrode/ferroelectric Schottky interface. A transient light-induced en-
hancement (or suppression) of spontaneous polarization is observed us-
ing second-harmonic generation (SHG) in films with a pristine upward
(or downward)-oriented polarization. Here, we explore the impact of
PbTiO3 growth conditions on the photoresponse of the films in more
depth. Importantly, we show a robust and improved cyclability of the
optical modulation of the ferroelectric polarization in films grown at
low oxygen partial pressure (~10’2mbar) pointing to the role of oxy-
gen vacancies in the light-induced polarization change. In addition, we
combine our ability to monitor the polarization dynamics during the
thin-film growth process using in-situ SHG with the UV light exposure
to balance the depolarizing-field contribution and the light-induced po-
larizing effect in our heterostructures. We report a strong on/off ratio
in the optical manipulation of ferroelectric polarization between a fully
depolarized state in dark conditions and a polarized state under UV
light exposure. Our work, hence, constitutes a critical step towards
all-optical control of ferroelectricity in functional thin films.

FM 4.8 Mon 17:15 BEY/0138
Ferroelectricity in organic - inorganic TMCM-BCI3 (B=Mn,
Fe, Zn) materials — eMwaNaiDI Mauwa Namisi and ANNA
GRrUNEBOHM — Interdisciplinary Centre for Advanced Materials Sim-
ulation (ICAMS), Ruhr-University Bochum, Germany

Ferroelectric materials have switchable polarization in external electric
field and play a central role in sensors, memory devices and dielectrics.
Although oxide ceramics have been the main focus, they have lim-
ited chemical flexibility [1]. In contrast, hybrid organic-inorganic per-
ovskites combine multiple degrees of freedom of both inorganic and
organic frameworks enhancing structural versatility [2]. Their phase
transition mechanisms and origin of ferroelectricity however remain un-
derrepresented in literature. Here, we investigate the class of TMCM-
BC13 (B=Mn, Fe, Zn) hybrids using DFT methods and discuss these
open questions. Furthermore, by B site compositional tuning, we ex-
plore the structure-property relations and how the choice of transition
metal affects polarization, electronic properties and magnetism.

[1] Y-M You et al., Science 357, 6348 (2017). [2] Ghosh et al., Phys.
Rev. Lett. 125, 207601, (2020).

FM 4.9 Mon 17:30 BEY/0138
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Tuning the Properties of the Organic Supramolecu-
lar Ferroelectric BTA by Dipole Engineering — eSopPHIA
KLUuBERTZ!, FLORIAN BEHRENDT?, JOHANNES BRENDELZ, and MAR-
TN KeEMERINK! — IMSEAM, Heidelberg University, Germany —
2Bayreuth University, Germany

Benzene-1,3,5-tricarboxamide (BTA) has become the paramount ex-
ample of an organic supramolecular ferroelectric. To widen the prop-
erty space of these compounds, and to gain insight into the underlying
structure-property relations, this work examines the impact of a step-
wise replacement of BTA’s three amide groups by urea groups, as well
as of the anchoring point of the dipolar group. We investigate BTA-
C6/2 analogues, where one (BUDA), two (BDUA), or three (BTU)

amide groups are substituted by urea groups. The compounds were
newly synthesized in their C-centered and N-centered versions, regard-
ing the amide connectivity. True ferroelectric behavior was experimen-
tally demonstrated for C- and N-centered BUDA and BDUA through
temperature- and time-dependent electrical switching measurements.
By investigating remnant polarization values and double structures in
the switching currents, we can draw conclusions about the switching
behavior of urea groups in comparison to amide groups of either con-
nectivity. Moreover, we find orders-of-magnitude differences in key
properties like retention time, which we rationalize through molecular
dynamics simulations. Overall, the results show how chemical struc-
ture translates into (ferroelectric) properties.

FM 5: Focus Session: Holistic structural and safety assessment of battery materials and cells
chairs: Carlos Ziebert (Karlsruhe Institute of Technology, DE), Philipp Finster (KIT, DE)

The focus session is dedicated to the characterization of microstructure, electrochemical, thermal and
safety properties of Lithium-ion and Post-Lithium cells and their individual active and passive materials.
This is required to obtain quantitative and reliable data, which are necessary to improve the current
understanding in order to design and develop better and safer materials and cells. Potential topics
include, but are not limited to electrochemical characterization techniques , thermal characterization
techniques, safety testing, development of safer materials and cell designs, thermodynamic modelling of
materials, modelling of thermal runaway and propagation.

Time: Monday 15:00-18:00

FM 5.1 Mon 15:00 BEY/0E40
Hot-pressing enhances mechanical strength of PEO solid
polymer electrolyte for all-solid-state sodium metal batteries
— eLaNQING ZHAOYM2, HuaPiNGg ZHAO!, FENG Lianc?, and Yona
Ler! — !nstitut fiir Physik & IMN MacroNano* (ZIK), Technische
Universitit Ilmenau, 98693, Ilmenau, Germany — 2Faculty of Metal-
lurgical and Energy Engineering, Kunming University of Science and
Technology, 650093, Kunming, China

A PEO-based composite polymer electrolyte (CPE) was successfully
prepared using an emerging solvent-free hot-pressing method, with
Na3Zr2Si2P0O12 (NZSP) and NaClO4 incorporated to improve ionic
conductivity. Benefiting from its good mechanical strength and in-
terfacial contact with the electrodes, the Na||/Na3V2(P0O4)3QC all-
solid-state sodium metal battery (ASSSMB) delivers a high-capacity
retention of 97.1% after 100 cycles at 0.5 C and 60 °C. Furthermore,
the ASSSMB with an electrolyte thickness of approximately 20 pum
also demonstrates excellent cycling stability. This study provides a
promising strategy for designing stable polymer-ceramic composite
electrolytes through hot-pressing to realize high-energy-density sodium
metal batteries.

FM 5.2 Mon 15:15 BEY/0E40
Suppressing Li movement in solid-state electrolyte via Cryo
EM Workflows: LLZO case study — eyuQI LIU!, YUWEI ZHANG!,
JazmiNn DuraTe!, Yuc Josar!, and BaprisTE Gaurr? — Max
Planck Institute for Sustainable Materials, 40237 Diisseldorf, Germany
— 2Univ Rouen Normandie, CNRS, INSA Rouen Normandie, Groupe

de Physique des Matériaux, UMR 6634, F-76000 Rouen, France

Focused Ion Beam-Scanning Electron Microscopy (FIB-SEM) is widely
used to examine solid-state battery materials and prepare site-specific
samples for advanced techniques such as Electron Backscatter Diffrac-
tion (EBSD), Transmission Electron Microscopy (TEM), and Atom
Probe Tomography (APT). However, the electron beam can induce ir-
reversible damage particularly in lithium-containing systems by driv-
ing lithium displacement and expulsion, thereby compromising data
reliability.

In this work, we investigate how cryogenic conditions mitigate beam-
induced damage in LLZO, with an emphasis on lithium expulsion
under varying beam parameters. We demonstrate that lithium mo-
bility is significantly suppressed at cryogenic temperatures, leading
to a marked reduction in beam-driven lithium redistribution. Based
on a comprehensive set of cryogenically prepared EBSD and APT
datasets, we show that cryo-enabled workflows are essential for obtain-
ing structurally and chemically artefact-free characterization of LLZO
and, more broadly, for reliable analysis of solid-state battery materials.

Location: BEY/0E40

FM 5.3 Mon 15:30 BEY/0E40
Synthesizing the Solid-State Electrolyte LLZO via the Mixed-
Oxide Route: The Li loss - Reality or Fiction? —
eDANIEL WAGNER, ToOrRsTEN E.M. StaaB, and DomINIK BoORAs
— LCTM/IFB, Julius-Maximilians Universitdt Wiirzburg, D-97070
Wiirzburg, Rontgenring 11

The solid-state electrolyte LLZO is discussed for applications in all
solid-state batteries. Undoped and Fe-doped LLZO (LiyLasZr2012)
samples have been synthesized via the mixed-oxide route, i.e. grind-
ing of the educt’s powders followed by calcination at 950°C for 6h
and a second grinding before pressing into pellets and finally sintering
them at 1200°C. The excess Li content and the restrictiveness for at-
mospheric gas exchange during the synthesis has been varied through
usage of lidded crucibles. The samples were characterized by ther-
mogravimetric analysis (T'G), mass spectroscopy of its decomposition
gas (TG/MS), X-Ray-diffraction (XRD) in reflection geometry and
scanning electron microscopy (SEM).The formed phases (cubic and
tetragonal) were identified by XRD. The phase fraction showed a clear
influence of a varying lithium-excess and/or usage of a restricted gas
exchange capability. Lattice defects were investigated by the method
of positron annihilation lifetime spectroscopy (PALS). PALS showed
clear differences after calcination and at different stages of sintering
for both un-doped and Fe-doped samples. One option may be increas-
ingly filled Li-lattice sites after the calcination step or a formation of
amorphous Li containing phases. No traces of Li were found in the
decomposition gases.

FM 5.4 Mon 15:45 BEY/0E40
Microstructure of Metal Anodes used in Solid-State Batter-
ies and Strategies for Its Control — eTiLL Fucus — Center
for Materials Research & Institute of Experimental Physics I, Justus-
Liebig-University Giessen

The microstructure of materials fundamentally dictates their mechan-
ical, electrochemical, and transport properties. Electron backscatter
diffraction (EBSD) enables direct microscopic visualization of these
microstructural features, providing quantitative insight into crystal-
lographic orientation, grain morphology, and defect structures. This
technique has become essential for understanding how processing path-
ways and operational conditions shape functional materials.

In a series of recent studies on lithium metal, we demonstrated how
its microstructure can be visualized and conceptualized in detail, how it
evolves depending on electrochemical cycling and charging conditions,
and how it can be deliberately modified or controlled through the use
of engineered interlayers. These findings highlight the interplay be-
tween microstructure and performance, and show how EBSD-guided
analysis can inform strategies for guiding the growth morphology of
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alkali metal anodes during operation.

The principles established in lithium metal research are then ex-
tended to a broader class of energy materials, including nickel-rich
layered oxides (NCM) and solid electrolytes. These systems exhibit
their own characteristic microstructural challenges, from anisotropic
degradation to cracking and dendrite formation in solid electrolytes.

FM 5.5 Mon 16:00 BEY/0E40
Decoding Complex Solid Electrolyte Architectures by an
NMR Simulation Approach — eJaviER VALENZUELA REINAL,
VERA BaRryscu?3, SiMoNE KocHER?!, JoseF GRANWEHR?3, and
CHRISTOPH SCHEURERD'Z — lFritz-Haber-Institute der MPG, Berlin
— 2IET-1, Forschungszentrum Jiilich — 3RWTH Aachen

Advancing next-generation lithium batteries requires a detailed under-
standing of hybrid electrolytes and the complex organic-ceramic inter-
faces they contain. Nuclear magnetic resonance (NMR) spectroscopy
provides a non-destructive, highly sensitive probe of interfacial struc-
ture and ion transport, which however is challenging to interpret un-
ambiguously.

In this work, we combine different NMR experiments with theoret-
ical modeling and high-throughput density-functional theory (DFT)
simulations to investigate the structural chemistry of Al-doped lithium
lanthanum zirconium oxide (LLZO), a leading hybrid electrolyte can-
didate. By integrating 27Al, “Li, and 'H NMR measurements with
first-principles calculations and simulated NMR parameters, we resolve
key features of the Al-doping mechanism and elucidate both bulk and
surface environments within the material.

Our results illustrate how a tightly coupled experimental-
computational strategy can reveal interfacial behavior that is otherwise
difficult to access, and highlight its promise for guiding the design and
optimization of hybrid electrolytes with complex interfaces.

Coffee break
FM 5.6 Mon 16:30 BEY/0E40

The Inclusive Investigation of Defect Thermodynamics for
Cl-Ion Battery Materials using Grand Canonical Diagrams
— eJonannes Doun! and AxeL Gross'?2 — lInstitute of Theoreti-
cal Chemistry, Ulm University, Germany — 2Helmholtz Institute Ulm,
Germany

In our contribution we use the example of chloride perovskites to dis-
cuss the crucial role of defect thermodynamics for electrode and solid
electrolyte materials in Cl-ion batteries. In this regard, the energetic
relation between the pristine compound, the formation of defects and
the conversion into other materials under varying electrochemical con-
ditions is of great importance, though still underexplored.

Here, we suggest an analysis based on grand canonical approaches
which is frequently applied using the concepts of ab initio thermody-
namics or the computational hydrogen electrode. Grand canonical di-
agrams contain in a compact form information on the relative stability
of the pristine and defective materials as well as potential decomposi-
tion products at varying potentials and loadings. Thus they can help to
predict whether topotactic or conversion reactions are to be expected
during chlorination/dechlorination. Furthermore, relevant properties
as the open circuit voltage or the electrochemical stability window can
be read off directly from the diagrams.

We demonstrate that this inclusive investigation of all relevant ther-
modynamic properties presented here enables a comprehensive and
intuitive access to the eludication of materials properties which can
hardly be gained otherwise.

FM 5.7 Mon 16:45 BEY/0E40
Polaron Calculations at Scale via a DFT-Based Landau-Pekar
Model — eDaria UsTiMcHUK, KARSTEN REUTER, and CHRISTIAN
CARrRBOGNO — Fritz-Haber-Institut der MPG, Berlin

Polarons are of ubiquitous importance in material science, be it for
charge retention in energy materials or as charge reservoirs in heteroge-
neous catalysis. While perturbation theory allows for an accurate and
efficient assessment of isolated polarons in perfect crystals [1], address-
ing higher concentrations in complex, disordered compounds typically
requires costly hybrid density-functional theory calculations in many,
extended supercells. To facilitate such investigations, we here present
several strategies to accelerate the required calculations. In line with
Landau-Pekar schemes, we model the mechanisms underlying polaron
formation at different levels of theory, e.g., using the harmonic approxi-
mation or machine-learning potentials for describing lattice distortions

10

and Madelung or Born effective charges for electrostatic screening ef-
fects. We discuss the pros & cons of these techniques by carefully
benchmarking their accuracy and reliability for polaron formation in
MgO and BiVO4. Furthermore, we apply them to lithium titanium
oxide (LTO), a prototypical anode material hosting elevated polaron
concentrations. We demonstrate how the proposed approaches allow
to semi-quantitatively predict the relevant energetics and geometric
distortions, and thereby substantially accelerate the exploration of the
humongous phase space associated with polaron formation in disor-
dered energy materials.

[1] W.H. Sio et al., Phys. Rev. Lett. 122, 246403 (2019).

FM 5.8 Mon 17:00 BEY/0E40
Grain-Boundary-Driven Activity Enabled by Grain Size En-
gineering in Iron-Air Batteries — eApam CoHEN MiLes!, Yu-
JUN Zuaol!, YaN Mal2 Dierk RaaBe!, and Yua Josur! — 1Max
Planck Institute for Sustainable Materials, Max Planck Str. 1, 40237
Diisseldorf — 2Department of Materials Science & Engineering, Delft
University of Technology, Mekelweg 2, Delft 2628 CD, the Netherlands

Iron-air batteries are gaining renewed attention as cost-effective candi-
dates for long-duration energy storage. While research to date has fo-
cused on improving anode performance through surface area enhance-
ment or chemical additives, the role of iron microstructure in dictating
electrochemical behavior remains unexplored. Here, we systematically
isolate and examine the effect of grain size on the electrochemical activ-
ity of high-purity iron anodes by eliminating confounding factors such
as porosity, dopants, and additives. The results reveal a strong inverse
correlation between grain size and electrochemical performance, with
ultrafine-grained anodes exhibiting substantially higher current den-
sities and diffusive contributions than coarser grained counterparts.
This enhancement is attributed to the increased grain boundary den-
sity, which promotes charge transfer and mitigates surface passivation.
These findings represent the first direct demonstration of grain-size-
controlled electrochemical activity in iron-air systems and establish
microstructural engineering as a powerful design lever for performance
optimization.

FM 5.9 Mon 17:15 BEY/0E40
Bismuth telluride (Bi2Te3) incorporated on 3D-printed car-
bon electrode for rechargeable aqueous ammonium-ion bat-
tery — oSunNy Nanpi! and MArTIN PumERA? — INTC, University
of West Bohemia in Pilsen, Pilsen, Czech Republic — 2NTC, Univer-
sity of West Bohemia in Pilsen, Pilsen, Czech Republic

Lithium-ion batteries are leading the battery market but there are ever
growing concerns over the sustainability of Li-based batteries due to
paucity and escalating cost of Li-resources. Therefore, it become in-
creasingly important to develop a low cost and easily processable novel
energy storage technologies in the future. Hence, ammonium-ion bat-
tery based on aqueous electrolyte hold great potential owing to their
low cost, high safety and excellent electrochemical characteristics. In
an effort to develop such NH4+ ion based rechargeable electrochem-
ical cells. Herein, for the first time, we report here the working of a
rechargeable aqueous ammonium (NH4+) ion battery by integrating
a topological insulator, bismuth telluride (Bi2Te3), onto a 3D printed
nanocarbon electrode as anode and copper hexacyanoferrate (CuHCF)
as the cathode. Taking advantage of the 3D porous framework and the
non-metallic nature of NH4+ ions, the ammonium-ion cell delivers a
high energy density of 134.8 Wh kg*1 and a power density of 1800
W kg-1in 1 M (NH4)2SO4, outperforming previously reported stud-
ies. Furthermore, ex-situ characetrization clearly explain the plausible
storage mechanism of NH4+ insertion. We show immense promise of
the system by recycling and reusing the used 3D printed nanocarbon
electrode for next-generation energy storage systems.

FM 5.10 Mon 17:30 BEY/0E40
Investigation of Degradation Mechanisms in High-Nickel
NMC Cathodes for Lithium-Ion Batteries — eYosra DamMMAK
— Max Planck Institute for Sustainable Materials, Diisseldorf, Ger-
many

High-nickel layered oxides like NMC955 are attractive cathode mate-
rials for lithium-ion batteries. However, their long-term use is often
hindered by structural and mechanical degradation during cycling.
This study examined the influence of electrode microstructure and
cycling parameters on the performance and degradation of NMC955
cathodes, comparing two average grain sizes: NMC-1.0 (1 micrometer)
and NMC-0.5 (0.5 micrometer). The finer-grained NMC-0.5 consis-
tently outperformed NMC-1.0, showing higher specific capacity, better
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capacity retention, and superior rate capability. Post-mortem analysis
indicated that NMC-1.0 suffered from extensive intergranular crack-
ing, while NMC-0.5 particles mostly remained intact. Microstructural
analysis (SEM and EBSD) revealed that the coarser NMC-1.0 accumu-
lated higher, heterogeneously distributed strain, especially at the grain
boundaries, which promoted fracture. Conversely, the finer NMC-0.5
accommodated strain through more distributed deformation, facili-
tated by faster grain boundary diffusion. Both grain sizes maintained
their layered structure as confirmed by XRD.

In summary, the enhanced electrochemical and microstructural sta-
bility of the finer-grained NMC-0.5 is attributed to its ability to man-
age strain more effectively, contrasting with the strain-induced crack-
ing observed in the coarser NMC-1.0.

FM 5.11 Mon 17:45 BEY/0E40
Sodium Contamination Impact on Performance of Lithium-
Ion Battery Cells — eSLAHEDDINE JaBrI', KRUM BaNovZ, ANITA
RosTEK®, WiBkE DempwoLr?, Orar RieniTz3, PETR NoOVAKZ,

Magrkus Etzkorn', and Ura Schrickum! — llnstitute of Ap-

plied Physics Mendelsohnstrafie 2, 38106 Braunschweig, Germany —
2Institute of Energy and Process Systems Engineering, Langer Kamp
19b, 38106 Braunschweig, Germany — 3Physikalisch-Technische Bun-
desanstalt (PTB), Bundesallee 100, 38116 Braunschweig, Germany. —
4Institut fiir Technische Chemie, Hagenring 30, 38106 Braunschweig,
Germany

Sodium impurities can enter battery materials through several contam-
ination sources, particularly when NaCl or NaOH are used in the re-
cycling processes. Residual sodium is difficult to eliminate completely,
and due to its high solubility, it easily dissolves into the electrolyte,
where it may influence the cell performance. In this work, the elec-
trochemical testing of high power NMC881-Graphite cells was studied
using LP572 electrolyte containing sodium Na-+ impurities with vari-
ous concentrations. It was found that the discharge capacity decreased
drastically and increase of impedance compared to Na+ free elec-
trolyte. The Na+ ion sodium could intercalate between the Graphen
layers like Li+ and due to its big ionic radius and higher charge den-
sity modify the C-C bonding and lattice parameters. The degradation
effects could be found with 3 ppm Na level as impurity in electrolyte.

FM 6: Focus Session: Materials Discovery | — Material informatics

chairs: Anna E. Bohmer (Ruhr Universitdt Bochum, DE), Suguru Yoshida (Kyoto University, JP)

Discovering new functional materials is crucial to advance today’s technologies, ranging from caloric
cooling via catalysis to next-generation energy conversion and storage, such as thermoelectric, ferro-
electric, and ionic conductor materials. New materials also form the basis for potential applications in
quantum information technologies. This session provides a platform to highlight functional materials

discoveries and how they come about.

Notably, systematic searches with high-throughput synthesis

approaches, as well as predictions from materials informatics, have helped to go beyond serendipitous
discoveries in recent years. However, intuition guided by general principles remains an important factor.
In this session, we particularly welcome contributions that showcase the discovery of new functional
materials with original approaches. Diverse material systems - from well-established to emerging and
niche classes across condensed-matter and materials physics - will be featured. Bringing together diverse
discoveries in a single session will help delineate general principles and inspire future work.

Time: Tuesday 9:30-12:45

Invited Talk FM 6.1 Tue 9:30 BEY/0138
Robust Data Generation, Heuristics and Machine Learning
for Materials Design — eJANINE GEORGE — BAM Berlin, Germany
— University of Jena

Machine learning (ML) offers new routes to overcome the limitations of
density functional theory (DFT) for advanced materials. We present
data-generation strategies and workflows for ML interatomic poten-
tials, including large-scale quantum-chemical bonding analysis.[1,2,3|
Incorporating bonding descriptors into ML models enables prediction
of phononic properties and validation of correlations between bonding
strength, force constants, and thermal conductivity.[3] We introduce
autoplex, an automated framework for training ML potentials, sup-
porting general-purpose and phonon-focused workflows.[4] These de-
velopments provide a basis for fine-tuning foundation models for ther-
mal transport at reduced cost.[5] For properties such as magnetism or
synthesizability, we discuss complementary approaches, comparing ab
initio methods with chemical heuristics and experimental data-driven
ML models.[6,7] Our work advances scalable, accurate simulations for
materials discovery.

References: [1] M. K. Horton, et al. Nat. Mater. 2025, 24,
1522*1532.  [2] A. M. Ganose, et al.,, Digit. Discov. 2025, 4,
1944*1973. [3] A. A. Naik, et al. Sci. Data 2023, 10, 610. [4] Y.
Liu, et al. Nat. Commun. 2025, 16, 7666. [5] J. Bustamante, et

al. 2025, DOI 10.48550/arXiv.2510.23133. [6] S. Amariamir, et al.
Digit. Discov. 2025, 4, 1437%1448. [7] K. Ueltzen, et al. 2025, DOI
10.26434 /chemrxiv-2025-xj84d.

FM 6.2 Tue 10:00 BEY/0138
Data-driven Discovery of 2D Non-van der Waals Materials
and Design of Their Heterostructures — Anastasiia Nigerh?2,
Tom Barnowsky!:2, and eRico Frieprica? — 1TU Dresden —
2Helmholtz-Zentrum Dresden-Rossendorf

Two-dimensional (2D) materials and their heterostructures are a plat-
form to realize advanced electronic and magnetic functionalities at the
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nanoscale. With traditional 2D systems extracted from weakly van
der Waals (vdW) bonded bulk layered compounds, the experimental
fabrication of semiconducting non-vdW 2D materials obtained from
non-layered crystals [1] came as a surprise.

In our recent data-driven investigations [2], we discover several
dozens of new candidates exhibiting appealing electronic, optical, and
magnetic properties owing to the (magnetic) cations at their active
surfaces. The electronic and magnetic properties of these next genera-
tion 2D compounds are also demonstrated to be controllable by a sur-
face chemistry approach employing for instance hydrogen passivation
[3]. Eventually, their chemically bonded interfaces in non-vdW het-
erostructures [4] give rise to qualitatively new properties and potential
functionalities including hybrid interface bands, strong magnetic cou-
pling, and characteristic strong moiré property variations upon twist-
ing.

[1] A. Puthirath Balan et al., Nat. Nanotechnol. 13, 602 (2018).

[2] R. Friedrich et al., Nano Lett. 22, 989 (2022).

[3] T. Barnowsky et al., Nano Lett. 24, 3974 (2024).

[4] A. Nihei et al., submitted, arXiv:2503.12209 (2025).

FM 6.3 Tue 10:15 BEY/0138
Exfoliation and Cleavage of Crystals from a Universal Po-
tential — eTom BarNnowsky!2, CarsteNn TimMm3, and Rico
FriepricHb2 — 1Theoretical Chemistry, TU Dresden — Z2Institute
of Ton Beam Physics and Materials Research, HZDR — 3Institute of
Theoretical Physics, TU Dresden

Two-dimensional (2D) materials display unique electronic, optical, and
mechanical features that differ from their three-dimensional bulk coun-
terparts. Most known 2D materials are derived from layered crystals
but recent experiments reveal that even non-layered compounds can
give rise to stable so called non-van der Waals (vdW) 2D sheets [1].
Current models, however, provide limited guidance for such materials:
existing descriptors and computational approaches are largely tailored
to vdW layered systems [2].
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We present a computational framework that predicts crystal cleav-
age and exfoliable 2D sheets directly from arbitrary bulk structures
[3]. At its core is a universal interatomic potential enabling rapid,
large-scale screening of diverse materials. Two complementary algo-
rithms detect weakly bonded planes and iteratively isolate connected
2D subunits. Applying this approach, we identify several thousand
candidate 2D materials from non-layered bulk crystals, opening a sys-
tematic route to explore and design new low-dimensional materials
with unprecedented chemical and structural diversity.

[1] R. Friedrich et al., Nano Lett. 22, 989 (2022)

[2] N. Mounet et al., Nat. Nanotechnol. 13, 246 (2018)

[3] T. Barnowsky, C. Timm, & R. Friedrich, Submitted (2025)

FM 6.4 Tue 10:30 BEY/0138
Research data management for high-throughput DFT calcu-
lations using NOMAD Oasis — eVIKRANT CHAUDHARY!Z, Fu
L2, YuE Zuao?, JosepH F. Rupzinski', NaTHAN DAELMAN', and
HonGBIN ZHANG? — !Physics Department and CSMB, Humboldt-
Universitit zu Berlin, Germany — 2Institute of Materials Science,
Technical University of Darmstadt, Darmstadt, Germany

NOMAD Oeasis is an open-source, locally installable version of the cen-
tral NOMAD software [nomad-lab.eu| [1]. Importantly, it allows users
to add custom extensions such as data schemas and workflows. In
this work, we showcase two representative cases implemented in our
local NOMAD Oeasis: (I) high-throughput spin Hall conductivity cal-
culations for 4486 2D materials [2], and (II) medium-throughput bulk-
photovoltaic effect in 549 experimentally available two-dimensional hy-
brid perovskites. In both cases, data generation relies on complex
computational workflows involving multiple software packages, includ-
ing VASP, Wannier90, and WannierBerri. We implement a customized
parser for Wannier90, and a locally developed parser for WannierBerri,
with the resulting data organized based on NOMAD’s built-in workflow
functionalities. These examples show how NOMAD Oasis can simplify
large-scale computational data management with custom parsers, au-
tomated workflows, unrestricted storage and uploads, and enhanced
privacy. It also ensures compliance with the FAIR principles, making
data Findable, Accessible, Interoperable, and Reusable.

[1] M. Scheidgen et al., JOSS 8, 5388 (2023).

[2] Li, F. et al., arXiv:2509.13204 (2025).

FM 6.5 Tue 10:45 BEY /0138
Finding interoperable datasets in diverse databases via prove-
nance and similarity analysis — eMaRrTIN KuBaN, ALvIN NoOE
LapiNEs, THEA DENELL, LAurt HIMANEN, JosepH F. RUDZINSKI,
Craubpia Draxr, and FAIRMAT TEAM — Physics Department and
CSMB, Humboldt-Universitédt zu Berlin, Germany

Collecting data from different sources has the potential to significantly
increase the amount of available data for data-driven discovery. How-
ever, different producers of data use distinct methods and setups, e.g.,
approximations and parameters used in computational data, to achieve
the best data quality for the properties that are studied in a specific
project. Bringing these data together requires to understand the im-
pact of the method and setup on the accuracy and precision of the
produced data. In order to do so, two key requirements must be ful-
filled: First, the provenance and metadata of each data point need to
be recorded. This can be achieved by leveraging the NOMAD infras-
tructure[l, 2|, an ecosystem of parsers, schemas, and workflow tools,
to extract rich metadata and provenance information. Second, using
this information, similarity metrics can be used to identify data that
achieve similar precision besides distinct computational setups|3]. We
showcase our approach on different examples using data from NO-
MAD.

[1] Draxl and Scheffler, MRS Bulletin 9 (2018), 676-682.

[2] Scheidgen et al., Journal of Open Source Software 8 (2023), 5388.
[3] Kuban et al., MRS Bulletin 47 (2022), 991-999.

Coffee break
FM 6.6 Tue 11:15 BEY/0138

Search for thermodynamically stable ambient-pressure su-
perconducting hydrides in GNoME database — ANTONIO
Sannal2) Tiaco F. T. CerquEIrRa®, ExiN Docus Cusuk?, Ion
ErrEA®67  and eYUrR-WEN Fancg® — !Max-Planck-Institut fiir
Mikrostrukturphysik, Weinberg 2, D-06120 Halle, Germany — 2nstitut
fiir Physik, Martin-Luther-Universitdt Halle-Wittenberg, D-06099
Halle, Germany — 3CFisUC, Department of Physics, University of
Coimbra, Rua Larga, 3004-516 Coimbra, Portugal — 4Periodic Labs,
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San Francisco, CA, USA — S5Fisika Aplikatua Saila, Gipuzkoako In-
geniaritza Eskola, University of the Basque Country (UPV/EHU),
Europa Plaza 1, 20018 Donostia/San Sebastian, Spain — %Centro
de Fisica de Materiales (CFM-MPC), CSIC-UPV/EHU, Manuel de
Lardizabal Pasealekua 5, 20018 Donostia/San Sebastian, Spain —
"Donostia International Physics Center (DIPC), Manuel de Lardizabal
Pasealekua 4, 20018 Donostia/San Sebastidn, Spain

There are very few ambient-pressure hydride superconductors in ex-
periment, and their critical temperatures (7¢) are typically < 10 K.
Herein, by combining machine learning techniques with ab initio meth-
ods, we have identified 25 cubic thermodynamically stable hydrides
with 7¢ beyond the boiling point of liquid helium (4.2 K) from the
GNoME database. These cubic hydrides all crystallize in double-
perovskite-like or fluorite-like structures, and most of them demon-
strate T, lower than 10 K. Our study provide more candidates for the
study of ambient-pressure superconductivity in the hydrides that can
be very likely to be synthesized in experiment despite the low T¢.

FM 6.7 Tue 11:30 BEY/0138
Exploration of high-entropy alloys for key electrochemical re-
actions: a comparative study for the solid solution systems
X-Pd-Pt-Ru (X=Cu, Ir, Ni) — eJan Lukas BorceL!, Rico
ZeuL', FELix THELEN!, RipHA ZeErDOoUMI2, OLGA A. KRysiak?2,
BenEDIKT Konnen!, ELLEN Sunr!, WoLFeaNG ScHUHMANNZ, and
ALFrRED Lupwic! — !Chair for Materials Discovery and Interfaces,
Institute for Materials, Faculty of Mechanical Engineering, Ruhr Uni-
versity Bochum, Bochum, Germany — ?Analytical Chemistry - Center
for Electrochemical Sciences (CES), Faculty of Chemistry and Bio-
chemistry, Ruhr University Bochum, Bochum, Germany

Developing new electrocatalysts is essential for green energy technolo-
gies such as hydrogen production, fuel cells, and environmental remedi-
ation. Compositionally complex solid solutions offer vast opportunities
for catalyst discovery due to their tunable surface sites, but exploring
their large compositional spaces requires optimised strategies. Using
a high-throughput approach, the electrocatalytic activity of the three
quaternary systems X-Pd-Pt-Ru (X = Cu, Ir, Ni) was screened for four
reactions in alkaline media: oxygen evolution, oxygen reduction, hy-
drogen evolution, and nitrate reduction reaction. Thin-film materials
libraries were synthesised and characterised to identify composition-
activity relationships, while also considering relevant information on
crystal structure and surface morphology. The resulting multidimen-
sional dataset reveals clear trends, similarities, and distinct activity
maxima, demonstrating the effectiveness of this approach for navigat-
ing complex multinary systems.

FM 6.8 Tue 11:45 BEY/0138

Phase formation and stability of transition-metal solid solu-
tions containing volatile elements — MARTIN KosTkal, LuQMAN
MusTtaral, JiLL ForRTMANNZ, AURELIJIA MoOCKUTE?, ALAN SAVANZ,
SusanNE Kunzmann®, ANNa GROUNEBOHM?, ALFRED Lubpwic?, AN-
DREAS KrEYssic!, and eANNA E. BoumeR! — ! Experimental physics
IV, Ruhr University Bochum, 44801 Bochum, Germany — 2Materials
Discovery and Interfaces, Institute for Materials, Ruhr University
Bochum, 44801 Bochum, Germany — 3Interdisciplinary Centre for
Advanced Materials Simulation (ICAMS), Ruhr University Bochum,
44801 Bochum, Germany

In the combinatorial synthesis of thin films, multiple elements are si-
multaneously deposited to achieve well-defined composition gradients
and create a materials library. However, including volatile elements di-
rectly into the combinatorial synthesis is a challenge. Here, we use in-
stead a two-step synthesis process combining combinatorial cosputter-
ing with a separate ex-situ reaction step with the volatile elements Se
and Sb. In particular, we investigate the phase formation and stability
of the (Fe,Ni)Sby and (Fe,Cr)Sba solid solutions in the orthorhombic
marcasite structure. Further, we study the (Fe,Co)Se2 solid solution,
which is on the brink of transformation from orthorhombic marcasite
to cubic pyrite structure. Our preparation route with a separate low-
temperature synthesis step permits detailed studies of solid solutions
and phase diagrams at well-defined temperatures.

FM 6.9 Tue 12:00 BEY/0138
Al for Complex Catalytic Systems: C2 Catalysis — eHaoBO
L1 — Nanyang Technological University, Singapore
Al-driven big data set analysis offers opportunities for theoretical re-
search on systems that combine complex catalyst materials with intri-
cate catalytic reactions. In this study, we explore high-entropy alloys
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(HEAS) as potential electrocatalysts for the electrochemical semihydro-
genation of acetylene. HEAs provide a variety of surface active sites
due to the diverse combination of constituent elements, while the pres-
ence of bidentate dicarbon species further complicates surface interac-
tions. By integrating density functional theory computations, geomet-
ric optimizer development, and graph neural network-based machine
learning predictions, we efficiently compile a comprehensive database
of 52,900 adsorption properties for AgAuCuNiPd HEA surfaces. Lasso
regression and t-SNE projection reveal the distinct influences of the
five metal components on adsorption and reaction properties. Using
Cu as a reference, logistic regression assesses the potential for other
components to surpass Cu in terms of catalytic activity and selectivity
toward ethylene. Our findings suggest that, while HEAs can enhance
the reaction, the ternary AgAuCu alloy achieves optimal results, indi-
cating that high entropy is not essential. This research methodology
can be extended to other complex catalytic systems, providing valu-
able insights into catalytic mechanisms and facilitating experimental
endeavors.

FM 6.10 Tue 12:15 BEY/0138
Compositional and Structural Impact on the Hydrogen Evo-
lution Reaction Activity across Noble-Metal-Based Compo-
sitionally Complex Solid Solutions Thin Film Libraries —
eNaraLiaA Puknareval, Moonijoo Kim?, FELIx THELEN!, GEOVANE
ARRUDA DE OLIVERIAZ2, Rico ZEHL!, WoLFGANG SCHUHMANNZ, and
AvLFRED Lupwig! — !Materials Discovery & Interfaces, Ruhr Univer-
sity Bochum — 2Analytical Chemistry - Center for Electrochemical
Sciences (CES), Ruhr University Bochum

Compositionally complex solid solutions (CCSS) stabilize multiele-
ment alloys and allow tuning of surface chemistry for the hydrogen
evolution reaction (HER). Three quinary libraries (Ir-Pd-Pt-Rh-Ru,
Ag-Au-Pd-Pt-Ru, Ag-Au-Cu-Pd-Pt) were prepared by sputtering and
mapped across 342 positions each. Energy-dispersive X-ray spec-
troscopy (EDX) confirmed smooth composition gradients, and X-ray
diffraction (XRD) showed fcc solid solutions with minor hep fractions
in Rh-Ru-rich regions and no detectable phase effect on HER. X-ray

photoelectron spectroscopy (XPS) with Gaussian-process regression re-
vealed composition-dependent surface segregation and distinct surface
compositions. HER activity, measured by scanning electrochemical cell
microscopy (SECCM), followed Ir-Pd-Pt-Rh-Ru > Ag-Au-Pd-Pt-Ru >
Ag-Au-Cu-Pd-Pt. In the Ag-containing libraries Pd-rich compositions
outperformed Pt-rich ones, and in Ag-Au-Cu-Pd-Pt Ag-rich regions
exceeded Cu-rich regions despite Cu’s higher intrinsic activity, consis-
tent with segregation limiting surface Pt and Pd and indicating that
HER in these CCSS is dominated by multielement interactions.

FM 6.11 Tue 12:30 BEY /0138
Soft Degradable Magnetic Microcarriers for Encapsulation
and Guided Transport of Drugs and 3D Spheroids — eLuLU
SoNG, XINNE ZHAO, XUAN PENG, ZELIJKO Jani¢uevié, Lin Guo,
DeNYs Makarov, and LArysa BARaBAN — Helmholtz-Zentrum
Dresden-Rossendorf, Dresden, Germany

Soft microrobots hold strong promise for next-generation biomedical
applications, including targeted drug delivery, tissue engineering, and
minimally invasive therapies. However, their translation remains lim-
ited by challenges in scalable fabrication, controlled biodegradation,
and insufficient co-encapsulation and transport of diverse cargos. Here,
we present degradable hydrogel microcarriers fabricated via droplet-
based microfluidics and UV photopolymerization, enabling scalable
production with tunable properties. These microcarriers can co-
encapsulate therapeutic molecules, superparamagnetic particles, and
living cell spheroids, supporting multifunctional delivery strategies.
Their motion is precisely actuated under externally applied gradient
magnetic fields, allowing guided navigation in microchannels for tar-
geted delivery. Importantly, the microcarriers exhibit programmable
degradation under physiological conditions, providing temporary me-
chanical integrity, controlled release, and safe post-treatment clear-
ance, with complete degradation at 37 °C within several days. Over-
all, this platform offers a robust and biocompatible soft microrobotic
system for targeted therapies, micro-tissue transport, and diagnostic
monitoring, representing a promising step toward clinical translation.

FM 7: Crystal Defects and Real Structure Physics in Diamond and Functional Materials |

chair: Theo Scherer (Karlsruhe Institute of Technoloy, DE)

Time: Tuesday 9:30-11:45

FM 7.1 Tue 9:30 BEY/0E40
Fluorescence lifetime measurements of NV- and NVO color
center ensembles at room temperature and 4K in HPHT,
CVD and nanodiamond samples — eKar KiUuNLENZ, KEVIN
LAUER, PHiLLIP KELLNER, MARIO BAHR, ANDREAS T. WINZER, and
TroMmas OrRTLEPP — CiS Forschungsinstitut fiir Mikrosensorik GmbH,
Konrad-Zuse-Str. 14, 99099 Erfurt, Deutschland

Nitrogen vacancy (NV) centers in diamond are key solid-state quan-
tum emitters whose photophysical properties depend on their charge
state and the surrounding diamond lattice. We analyze diamond sam-
ples made of chemical vapor deposition- (CVD), high-pressure-high-
temperature- (HPHT) or nanodiamond material by exciting them with
a 513nm green laser and detecting the fluorescence light via time re-
solved photoluminescence (TRPL). This work presents measurements
of the fluorescence lifetime of NV-ensembles. Hereby a monochroma-
tor is employed to detect 20nm wide spectral bands centered at the
NV- phonon sideband (710nm) and the zero-phonon-lines of NV- and
NVO (638nm and 575nm) to differentiate between the charge states.
Measurements are performed at both room temperature (293K) and
4K. The influence of varying excitation laser power and of the selected
spectral detection window is investigated and compared with estab-
lished reference values. The measurement approach allows a system-
atic comparison of NV-diamond materials and provides a baseline for
quantitative lifetime-based characterization of NV ensembles.

FM 7.2 Tue 9:45 BEY/0E40
Diamond windows for microwave application: numerical
analyses and characterization by microscope and Raman
measurements — oGAETANO AIELLO, ANDREAS MEIER, THEO
SCHERER, SABINE SCHRECK, and DirRk STrAUss — Karlsruhe Insti-
tute of Technology, Institute for Applied Materials, 76021 Karlsruhe,
Germany
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Electron cyclotron heating and current drive systems in nuclear fusion
devices feature optical quality polycrystalline diamond windows for
the transmission of microwave beams of 1 to 2 MW power. The win-
dows consist of diamond disks of 1 to 2 mm thickness integrated into
a metallic housing. Numerical analyses verify the performance of such
windows with respect to temperature and stress limits. In this work,
examples of analyses are provided with reference to a Brewster-angle
window design featuring a first-of-its-kind manufactured diamond disk
with 180 mm diameter. For the first time, instead of a single constant
value, the entire map of the loss tangent measured over the disk has
been given as input to the analysis. In addition, examples of micro-
scope and Raman investigations of the disks are shown with reference
to dark microfeatures and residual stresses generated by the chemical
vapour deposition process.

FM 7.3 Tue 10:00 BEY/0E40
Investigation of irradiation effects in artificial diamond —
eTHEO ANDREAS SCHERER and FraANcCEsco MazzoccHr — Karl-
sruhe Institute of Technology KIT-IAM-AWP 76344 Eggenstein-
Leopoldshafen

Diamond is used as window material for high power microwave trans-
mission to heat plasmas and to perform diagnostics in nuclear fusion
devices like ITER, Wendelstein 7X or ASDEX-UG. In such environ-
ments neutron and gamma radiation has a quite important influence
on dielectric and thermal properties of diamond. Spectroscopic investi-
gations, like RAMAN, cathode luminescence or EPR can detect all the
defects produced by irradiation. Swift heavy ion and neutron irradia-
tion was us to study defect chemistry and physics in diamond (single
crystalline and polycrystalline diamond samples). Newest results of
this investigation are presented.

FM 7.4 Tue 10:15 BEY/0E40
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EC Heating systems for present and future fusion experi-
ments and power plants — ePrTER SpPAH — KIT, Institute for
Applied Materials, Karlsruhe, Germany

CVD diamond windows are an essential component in Electron Cy-
clotron (EC) plasma heating and stabilisation systems for nuclear fu-
sion reactors. Beside the characterisation and qualification of CVD
diamond disks and the design and analysis of CVD diamond window
assemblies, the Institute for Applied Materials (IAM) at Karlsruhe
Institute of Technology (KIT) also contributes to concept findings,
layout, design and integration of EC heating systems for several fusion
experiments and power plant studies.

Experimental fusion devices and future fusion power plants with
magnetic confinement require powerful heating systems for plasma
core heating, plasma disruption mitigation, breakdown of gas, plasma
ramp-up and -down, impurity control and to counteract thermal in-
stabilities. Electron Cyclotron Resonance Heating (ECRH) is one of
these heating systems. Microwave beams in the frequency range of 80
to 240 GHz are generated by gyrotrons and subsequently transmitted
via waveguides and an antenna into the plasma chamber, where they
interact with the electrons.

This talk gives an overview on the design status of the EC heating
antennas for the EU DEMO fusion power plant and for the Volumetric
Neutron Source (VNS) which is a conceptual study of a beam-driven
Tokamak, serving as test-bed for full-sized breeding blanket modules.

coffee break

FM 7.5 Tue 10:45 BEY/0E40
Application of Raman and Photoluminescence Spectroscopy
to MgO-C Refractories — eJuLia RicHTER!, FELIX DRECHSLER!,
TiL STADTMULLER?, CAMELIU HimciNscHI!, CHRISTOS ANEZIRISZ,
and JENs Korrus! — 1Technische Universitit Bergakademie Freiberg
- Institut fiir Theoretische Physik, Leipziger Strafie 23, 09599 Freiberg,
Germany — 2Technische Universitit Bergakademie Freiberg - Insti-
tut fiir Keramik, Feuerfest und Verbundwerkstoffe, Agricolastrafe 17,
09599 Freiberg, Germany

By applying Raman and photoluminescence (PL) spectroscopy in the
visible and near-infrared range to MgO, magnesia-carbon (MgO-C)
refractory bricks - partially produced from recycled magnesia - are ex-
amined in hardened and coked state, and compared with nominally
pure MgO powder as a reference. Two sharp, high-intensity PL sig-
nals (699 nm and 871 nm), each accompanied by symmetrical side-
bands, are investigated by varying the excitation wavelength (532,
633, and 785 nm). The 699 nm PL feature observed for both brick
and reference arises from Cr3t impurities within the MgO lattices,
whereas the 871 nm signal, associated with V2% appears only in the
brick-derived MgO. To elucidate the origin of the symmetrical side-
bands, temperature-dependent spectroscopic measurements from 100
to 295 K are performed, monitoring the intensity ratio of the higher-
energy (anti-Stokes) and lower-energy (Stokes) sidebands. The results
confirm phonon participation in both the MgO:Cr3* and MgO:V2+t
emission processes. Together, these findings connect fundamental de-
fect physics with practical considerations in refractory material science.

FM 7.6 Tue 11:00 BEY/0E40
Creation of Color Centers in Magnesium Fluoride Single
Crystals by Irradiation with MeV Heavy Ions — eAvymaN EL-
SAIp — Physics Department and Interdisciplinary Research Center for
Advanced Materials, King Fahd University of Petroleum and Minerals,
Dhahran 31261, Saudi Arabia

The irradiation of ionic halide single crystals with MeV heavy ions can
lead to the creation of various types of color centers [1]. Here, MgF2
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single crystals were irradiated with MeV heavy ions of different energies
and fluence [2]. UV-Vis spectroscopic measurements demonstrate the
existence of F1-, F2-, and F3-centers due to ion irradiation. The type,
concentration and creation efficiency of the observed color centers are
studied in terms of ion fluence and energy loss. The results are not only
of high importance for understanding the creation mechanism of the
induced color centers but also for the degradation of optical materials
in high-altitude and space environments.

Acknowledgements: Parts of this research were carried out at the Ion
Beam Center at the Helmholtz-Zentrum Dresden-Rossendorf e. V., a
member of the Helmholtz Association. Ayman S. El-Said acknowledges
the support by KFUPM, Saudi Arabia (Project: ISP24236).

[1] K. Schwartz, C. Trautmann, A.S. El-Said, R. Neumann, M.
Toulemonde, W. Knolle, Phys. Rev. B 70, 184104 (2004). [2] A.S.
El-Said, Rad. Phys. and Chem. 227, 112369 (2025).

FM 7.7 Tue 11:15 BEY/0E40
Oxygen vacancies in vanadium dioxide: A DFT+ V study —
eOskarR LemlniTz?2, PETER MLkvIK!, NicoLa A. SpaLpiN!, and
CLauDE EpERER! — !Materials Theory, Department of Materials,
ETH Zurich, Switzerland — 2Present address: Multifunctional Fer-
roic Materials, Department of Materials, ETH Zurich, Switzerland

We present a density-functional theory study of the effects of oxy-
gen vacancies on the structural and electronic properties of vanadium
dioxide (VO2). Our motivation is the reported suppression of the
metal-insulator transition by oxygen vacancies and the lack of a clear
consensus on its origin. We use the DFT+V method with a static in-
tersite vanadium-vanadium interaction term, V', to calculate the prop-
erties of the oxygen-deficient metallic rutile and insulating monoclinic
M1 phases of VO3 on the same footing. We find that oxygen vacan-
cies induce local distortions in the M1 phase, but do not destroy the
dimerization usually associated with the insulating behavior. In spite
of this, we find that the M1 phase becomes metallic as a result of the
partial filling of the conduction band due to a rigid-band-like doping
effect.

FM 7.8 Tue 11:30 BEY/0E40
Distortion tensor around dislocations in GalN studied by elec-
tron backscatter diffraction and cathodoluminescence spec-
troscopy — eDOMENIK SPALLEK, VLADIMIR KAGANER, OLIVER
BranDT, THOMAS AUZELLE, and JONAS LAHNEMANN — Paul-Drude-
Institut fiir Festkorperelektronik, Berlin, Germany

The effect of elastic distortion in the vicinity of a threading disloca-
tion (TD) in GaN on its luminescence has been shown previously [1].
However, quantifying this distortion and its components remains a
challenge. Therefore, we investigate individual TDs by correlated high-
resolution electron backscatter diffraction (HR-EBSD) and cathodolu-
minescence (CL) spectroscopy. The sample is a high-purity, homoepi-
taxial GaN layer grown by molecular beam epitaxy with a low TD
density.

A cross-correlation analysis with the software CrossCourt from BLG
Vantage is used to determine the spatially-resolved components of the
distortion tensor from the HR-EBSD results [2]. Signatures of the TDs
are resolved in the elastic strain and rotation components. Through
reference measurements, we explore the resolution limit of this analy-
sis and its dependence on the material and measurement conditions.
Hyperspectral CL maps show a reduced intensity as well as a shifted
emission wavelength around the TD. With additional modeling of the
distortion around a TD, these correlated measurements are related to
the Burger’s vector of the dislocation, determining its type.

[1] Kaganer et al., Phys. Rev. Appl. 12, 054038 (2019).

[2] Wilkinson et al., Ultramicroscopy 106, 307 (2006).



Dresden 2026 — FM

Tuesday

FM 8: Multiferroics and Magnetoelectric Coupling (joint session MA/FM)

Time: Tuesday 9:30-12:30

FM 8.1 Tue 9:30 POT/0112
Electric polarization driven by non-collinear spin alignment:
first principles calculations — eSERGIY MAaNKOVSKY!"3, SVITLANA
PorLesval, JAN MiNaR2, HoNGBIN ZHANG3, and HUBERT EBERT! —
Ludwig Maximilian University of Munich, Munich, DE — 2University
of West Bohemia, Pilsen, CZ — 3TU Darmstadt, Darmstadt, DE

We present an approach for first principles investigations of the spin
driven electric polarization in type II multiferroics. We propose a
parametrization of the polarization with the parameters calculated
using the multiple scattering Green function (KKR-GF) formalism.
On this basis, the induced electric polarization of a unit cell can be
represented in terms of three-site parameters. Those antisymmetric
with respect to a spin permutation can be seen as an ab-initio based
counter-part to the phenomenological parameters used in the inverse-
DMI model. Beyond to this, our new approach gives direct access
to the element- and site-resolved electric polarization. To demonstrate
the capability of the approach, we consider several examples, for which
the magneto-electric effect is observed either as a consequence of an
applied magnetic field (CroO3), or as a result of a phase transition to
a spin-spiral magnetic state (Mnlz and AgCrO»).

FM 8.2 Tue 9:45 POT/0112

Competition Between Multiferroic and Magnetic Soliton

Lattice States in DyFeO3 — eNIKITA ANDRIUSHIN', STANISLAV
NikiTiN2, OvsTEIN FisLivac!3, EKATERINA POMJAKUSHINAZ,
ALEXANDRA TURRINI?, SERGEY  ARTYUKHIN?, CHRISTOF

5 1

ScHNEIDERZ?, and Maxim MosTovoy TU Dresden, Germany
— 2PSI, Switzerland — 3IFE, Norway — “IIT, Italy — ®University
of Groningen, The Netherlands

Simultaneous breaking of time-reversal and inversion symmetries in
multiferroics couples ferroelectricity to magnetism and produces un-
usual phenomena relevant for next-generation electronics. A notable
case is DyFeOs, which under magnetic fields shows a giant linear mag-
netoelectric response and a large spontaneous polarization arising from
coexisting Fe and Dy orders. Using high-resolution neutron diffraction,
we demonstrate that at zero field DyFeO3 hosts an incommensurate
magnetic soliton lattice formed by spatially ordered Dy domain walls
with an average size of 231(8) A. Long-range interactions between these
walls are mediated by magnons in the Fe subsystem, analogous to a
Yukawa force. An applied magnetic field destroys the incommensurate
order, restores the linear magnetoelectric response, and stabilizes the
ferroelectric state. The magnetic domain walls carry electric charge,
and the soliton array dimerizes when both electric and magnetic fields
are applied. Simulations using experimental parameters indicate that
competition between ferroelectric and incommensurate states can be
effectively tuned by an electric field.

FM 8.3 Tue 10:00 POT/0112
Magnetoelectric coupling in antiferromagnetic BiCoO3; —
eVERONICA GoIlaN!, FEDIR BoropavKAl, PETR PROSCHEK?, MAXIM
Savinov!, CurisTELLE KapLec!, Hong DoNg NGuyEN!, ANDREI A.
BeLik®, and StanisLav Kameal — !Institute of Physics of the Czech
Academy of Sciences, Prague, Czech Republic — ?Department of Con-
densed Matter Physics, Charles University, Prague Czech Republic —
3National Institute for Materials Science: Tsukuba, Ibaraki, Japan

BiCoOs3 is a potential multiferroic material with a C-type antiferro-
magnetic phase transition at T y=470 K and a hypothetical ferroelec-
tric phase transition around 1000 K (the sample decomposes at around
470 °C).[1] First-principles calculations predict an unusually strong
antimagnetoelectric coupling in BiCoOs3.[2] However, no experimen-
tal measurements have been reported in the literature to determine
the magnetoelectric coupling or related structural properties. This is
mainly because BiCoO3 requires high-pressure and high-temperature
sintering. We have measured the dielectric permittivity, ferroelectric
hysteresis loops, and Raman, THz, and IR spectra to probe the fer-
roelectric behavior. In addition, we found that BiCoOs3 exhibits well-
measurable non-linear magnetoelectric coupling.

[1] Oka et al., J. Am. Chem. Soc., 132, 9438-9443 (2010)

[2] Braun et al., Phys. Rev. B, 110, 144442(2024)

FM 8.4 Tue 10:15 POT/0112

Investigation of the piezomagnetic effect in CaBaCo407 —

15

Location: POT/0112

eJvoTirRANJAN RouT!, Yusuke TokuNaGca?, Yasusiro TAaGucHI?,

YosHINORI TokUrAZ, BERND BUcHNER!'3, and ViLmos Koacsis! —
HFW-Dresden — 2RIKEN, CEMS, Japan — 3TU-Dresden

In a magnetoelectric material the electric and magnetic responses are
intertwined and cross control via the application of external magnetic
and electric field are enabled. Ferroelectric polarization implies a spe-
cial distortion of the lattice where dipolar moment related to the sepa-
ration of the positive and negative ions are not compensated within the
unit cell. Therefore we immediately can imagine the intricate and com-
plicated connection between the magnetoelectric and magnetoelastic
properties of a multiferroic.

The Swedenborgite CaBaCo407 exhibits a polar structure, which
is accompanied by a ferrimagnetic order at Tc=62K and a record
large change in the ferroelectric polarization. Correspondingly, former
magnetoelastic measurements have indeed confirmed the presence of
a giant magnetoelastic distortion close to T¢; However, less is known
about the magnetoelastic anisotropies.

Here, we report a detailed study of the magnetoelastic anisotropy,
completing the connection between magnetoelasticity and magneto-
electricity in this material family. We also report on an unusual fea-
ture of the piezomagnetic effect, which suggests the importance of the
orbitals in the piezomagnetoelectric effects.

FM 8.5 Tue 10:30 POT/0112
Multiferroic altermagnetism and magneto-orbital excita-
tions in monolayer VCI3 — eLuici CaMeEraNo!2, ADOLFO
OTeEro FuMEca®, ALEssanDRO STroppa?, Jose Lapo3, and Gi-
ANNI ProrETA'2 — 1University of L’aquila, 67100 L’Aquila, Italy
— 2CNR-SPIN L’Aquila, 67100 L’Aquila, Italy — 3Aalto University,
02150 Espoo, Finland

Van der Waals monolayers featuring magnetic states provide funda-
mental building blocks for artificial quantum matter. In this contri-
bution I will present the emergence of a symmetry broken multifer-
roic ground state featuring magneto-orbital excitations and nematic
d-wave altermagnetism in monolayer VCI3 [1-4]. All these physics
arises from a pure electronic symmetry breaking ultimately stabiliz-
ing an antiferro-orbital order ground state showing the emergence of
an electronic polarization. Recent experimental evidence report sig-
natures of symmetry breakings and ferroelectricity combined with 2D
magnetism, establishing monolayer VCI3 as a novel 2D multiferroic
driven by orbital ordering.

References

1. Mastrippolito D., Camerano L. et al. Phys. Rev. B 108,045126
(2023)

2. Camerano, L. et al. 2D Mater. 11, 025027 (2024)

3. Camerano, L. et al. Nano Lett. 25, 4825,4831 (2025)

4. Camerano, L. et al. npj 2D Mater Appl 9, 75 (2025)

FM 8.6 Tue 10:45 POT/0112
Electric control of antiferromagnetic states in an insula-
tor — eSomNATH GHARA!, MaxiMiLIAN WINKLER!, SEBASTIAN
Scumip!2, LiLian Propan!, KorsiNIAN GeirRHOs', VLADIMIR
Tsurkan'3, WenBo Gr?, WEmDA Wu?, ANDRAs HALBRITTERZ,
StepHAN Kronns!, and IstvaAn KazsmArki! — 1EP5, Institute
of Physics, University of Augsburg, Germany — 2Department of
Physics, Budapest University of Technology and Economics, Hungary
— 3Institute of Applied Physics, Moldova State University, Repub-
lic of Moldova — 4Department of Physics and Astronomy, Rutgers

University, USA

Electric control of antiferromagnetic (AFM) order is highly desirable
for the development of ultrafast and energy-efficient spintronic devices.
In this talk, I will show that the strong linear magnetoelectric coupling
in the collinear AFM insulator Co3O4 enables full isothermal control of
AFM order by electric fields deep within its AFM phase, i.e. the Néel
vector can be either reversed instantaneously or rotated smoothly. Im-
portantly, we found that even in macroscopic volumes of Co304, the
non-volatile switching between time-reversed AFM states occurs on
timescales as short as a few tens of nanoseconds. These observations
suggest that the quasi-cubic AFM insulators, such as Co30y4, provide
an ideal platform for ultrafast manipulation of microscopic AFM do-
mains and may lead to the realization of antiferromagnet-based spin-
tronic devices.
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Ref: S. Ghara et al., Phys. Rev. Lett. 135, 126704 (2025).

15 min break

FM 8.7 Tue 11:15 POT/0112

Optical detection of magnetic order in SmFe3(B0O3)4
— eBALINT Bekr!, Bence Szisz!, I. A. Gubmm?, L. N.
BEZMATERNYKHZ, DAvID SzaLLER!, and SANDOR Borpics! —

1Budapest University of Technology and Economics, Budapest, Hun-
gary — 2Krasnoyarsk, Russia

The chiral crystal structure of SmFe3(BO3)4 hosts an easy-plane an-
tiferromagnetic phase below 32 K. Due to the broken inversion, the
magnetic order induces electric polarization in this compound, but
this polarization averages out to zero when domains are randomly ori-
ented in the ab plane. We studied the 4f-4f excitations of Sm3* ions
using polarization resolved magneto-optical spectroscopy. Low mag-
netic fields, <2 T give rise to linear dichroism that we associate with
the rearrangement of antiferromagnetic domains. In finite fields, we
could determine the polarization selection rules in a state where the
orientation of the antiferromagnetic domains is well defined. More-
over, we detected non-reciprocal absorption of light, which is a finite
frequency fingerprint of the optical magnetoelectric effect.

FM 8.8 Tue 11:30 POT/0112
A high-temperature multiferroic Tb2(MoO4)s — eSHIMON
Tajmma, HipETOosHl Masuba, YoicHr Nii, SHoJiro KiMURA, and
YosHINORI ONOSE — Institute for Materials Research, Tohoku Uni-
versity, Sendai, Japan

We demonstrated magnetic control of ferroelectric polarization at 432
K in ferroelectric and ferroelastic Th2(MoO4)3, in which the polar-
ity of ferroelectric polarization is coupled to the orthorhombic strain
below the transition temperature 432 K.

The paramagnetic but strongly magnetoelastic Tht magnetic mo-
ments enable the magnetic control of ferroelectric and ferroelastic do-
mains; the ferroelectric polarization is controlled depending on whether
the magnetic field is applied along [110] or [110].

FM 8.9 Tue 11:45 POT/0112
Towards topological switching in multiferroics — e ALESSANDRO
GRANERO and SERGEY ARTYUKHIN — Italian Institute of Technology
(IIT), Genova, Italy

Magnetoelectric switching in GdAMn205 [1] is the first known exam-
ple of topological ferroic switching, where magnetic field sweeps across
the spin-reorientation transition induce incremental 90° spin rotations
described by a topological winding number. While the behavior has
been rationalized with a microscopic model, symmetry conditions and
minimal model ingredients that enable this behavior are poorly under-
stood. Here we use a symmetry-based Landau theory approach and
demonstrate that a toy model with two frustrated antiferromagnetic

subsystems and a low-symmetry anisotropy captures the topological
switching behavior. The model reveals how sweeps of the driving field
move the free-energy minimum continuously in spin-orientation space,
in contrast to conventional ferroelectric switching that relies on fixed
*P minima and domain-wall nucleation. Multiple switching pathways
enabled by the simultaneous presence of E and H fields are summa-
rized by a "switching diagram" [2], linking regions of the H and E
field amplitudes to distinct sequences of magnetoelectric transitions.
Small parameter variations near diagram boundaries redirect the sys-
tem along different routes. The results establish a minimal model for
topological switching in GdMn205 and guide the search for topological
switching phenomena in other materials. [1] L. Ponet, et al.: Nature
607, 81-85 (2022) [2] M. Ryzhkov, A. Granero et al.: Communication
Materials, in press

FM 8.10 Tue 12:00 POT/0112
Observation of antiferromagnetic domains by low-
temperature photoluminescence microscopy — eBENCE SzAsz
— Physics Department, Budapest University of Technology and Eco-
nomics, Budapest, Hungary

The optical oscillator strengths of crystal-field transitions in magne-
toelectric antiferromagnets can serve as specific signatures of the un-
derlying magnetic order. In this work, I investigate the feasibility of
identifying magnetic domains using a low-temperature optical photo-
luminescence microscopy system.

FM 8.11 Tue 12:15 POT/0112
Spectroscopy of coupled magnetic and electric resonances
— eDAvID SzaLLER'Z?, ArRTEM M KuUzMENKO3, ALEXANDER A
MukHIN®, ALEXEY SHUVAEVZ, and ANDREI PmmeENov? — THUN-
REN-BME Condensed Matter Physics Research Group, and Depart-
ment of Physics, Institute of Physics, Budapest University of Technol-
ogy and Economics, Muegyetem rkp. 3., H-1111 Budapest, Hungary
— 2Institute of Solid State Physics, TU Wien, 1040 Vienna, Austria
— 3Moscow, Russia

Controllable non-reciprocal propagation of light is an intensively in-
vestigated field of optics, with studies motivated both by fundamen-
tal questions and possible telecommunication applications. So far,
polarization-independent, switchable one-way transparency has been
demonstrated at certain resonances of multiferroic crystals at cryo-
genic temperatures and in high magnetic fields, limiting the practi-
cal implementation. As an alternative approach, we present one-way
transparency of an artificial layered structure consisting of split-ring
metamaterial and magnetic substrate layers interacting in the dynamic
regime [1]. Our quasi-optical experiments in the GHz frequency range
show that this unique combination breaks time and space inversion
symmetries in external magnetic field. The ease of tuning the dy-
namic response and the controllable one-way transparency make this
approach promising for real-world applications.
[1] A. M. Kuzmenko et al., Phys. Rev. B 112, 134434 (2025).

FM 9: Focus Session: Materials Discovery Il — High throughput searches for functional
magnetic materials (joint session FM/MA)

chairs: Jan Schultheiff (Norwegian University of Science and Technology, NO), Hiroki Taniguchi (Nagoya

University, JP)

Discovering new functional materials is crucial to advance today’s technologies, ranging from caloric
cooling via catalysis to next-generation energy conversion and storage, such as thermoelectric, ferro-
electric, and ionic conductor materials. New materials also form the basis for potential applications in
quantum information technologies. This session provides a platform to highlight functional materials

discoveries and how they come about.

Notably, systematic searches with high-throughput synthesis

approaches, as well as predictions from materials informatics, have helped to go beyond serendipitous
discoveries in recent years. However, intuition guided by general principles remains an important factor.
In this session, we particularly welcome contributions that showcase the discovery of new functional
materials with original approaches. Diverse material systems - from well-established to emerging and
niche classes across condensed-matter and materials physics - will be featured. Bringing together diverse
discoveries in a single session will help delineate general principles and inspire future work.

Time: Tuesday 14:00-15:30

Invited Talk FM 9.1 Tue 14:00 BEY/0138
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Location: BEY /0138

Thin film combinatorial studies of functional magnetic mate-
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rials — eNora DEMPSEY — Institut NEEL, CNRS/UGA, Grenoble,
France

Combinatorial studies based on the preparation and characterisation
of compositionally graded thin films are being used for the screening
and optimization of a range of functional materials [1]. When combined
with Machine Learning (ML), such high-throughput film-based studies
hold much potential to guide data driven design of new materials [2,3].
In this talk I will outline our work at Institut Néel on high through-
put fabrication and characterisation of functional magnetic materials
as well as our recent developments concerning data handling and anal-
ysis. I will then show examples from on-going studies of the effect of
composition and fabrication conditions on both structural and mag-
netic properties of hard magnetic and magnetocaloric materials. I will
finish up by briefly outlining preliminary results from ML-driven data
analysis for the accelerated development of functional magnetic ma-
terials with reduced dependence on critical elements, carried out in
the framework of various collaborations. [1] ML Green et al., J. Appl.
Phys. 113 (2013) 231101 [2] A.G. Kusne et al. Sci. Rep. 4 (2014) 6367
[3] A. Ludwig, npj Comput. Mater. 5 (2019) 70

FM 9.2 Tue 14:30 BEY /0138
Potentially magnetic platinum oxides obtained by com-
putationally guided high-pressure synthesis — eYasuHITO
Kosavasur', Axitosai Nakano?, Suunsuke Krrou®, Towmasz
Krimczuk?, HIDEFUMI Takauasui® and SHINTARO IsHrwatal:® —
IDivision of Materials Physics, The University of Osaka, Japan —
?Department of Physics, Nagoya University, Japan — 3Department
of Advanced Materials Science, The University of Tokyo, Japan —
4 Advanced Materials Center, Gdansk University of Technology, Poland
— SInstitute for Open and Transdisciplinary Research Initiatives, The
University of Osaka, Japan

The exploration of Pt-based oxides has remained significantly limited,
primarily due to the high chemical inertness of platinum and the typ-
ically nonmagnetic d® or d® electronic configurations. Here, we report
the discovery of a new layered homologous series of Pt-based ternary
oxides, Na(PtO2)2n+1 (n = 1, 2), synthesized through a combination
of highly oxidizing high-pressure techniques and density functional the-
ory (DFT) calculations. This series features unprecedented layered
structural motifs composed of rutile-based PtOg octahedra and one-
dimensional PtO4 square-planar chains, distinct from the perovskite-
based Ruddlesden-Popper oxides. We discuss the possibility that this
layered homologous series represents the first realization of a magnetic
Mott insulator within Pt-based oxides, where NaPt3Og (n = 1) ex-
hibits localized spin behavior with an effective spin S = 1/2, likely
arising from the unusual d” electronic configuration of square-planar
P37 along with one-dimensional antiferromagnetic interactions.

FM 9.3 Tue 14:45 BEY/0138

Magnetism and electrical and thermal transport in the nat-
ural Fe;_;Mn, WO, (z=0.2) mineral from Potosi, Bolivia —
eSkAcHKO DmyTRO!, Bonpan KunDys?, VoLoDYMYR LEvyTskyil,
EsTEBAN ZuNiGA-PUELLES!, ANDREAS LEITHE-JASPER?, and RoMAN
GuMENIUK! — lInstitut fiir Experimentelle Physik, TU Bergakademie
Freiberg, 09596 Freiberg, Germany — 2Université de Strasbourg,
CNRS, Institut de Physique et Chimie des Matériaux de Strasbourg,
UMR 7504, Strasbourg F-67000, France — 3Max-Planck-Institut fiir
Chemische Physik fester Stoffe, 01187 Dresden, Germany

The natural ferberite single crystal of Feg gMng.2oWO4 composition
with the monoclinic NiWO4-type structure (P2/c) [a = 4.74751(6) A,
b = 5.71335(7) A, ¢ = 4.96847(5) A, B = 90.15(1)°] reveals multiple
magnetic transitions at T = 67(1) K, Tn2 = 28(3) K, Tlfﬁ =66(1) K
and T;’; = 8(1) K. The reduced magnetic entropy of ~ RIn3 observed
near T\ indicates the simplified LS-coupling scheme to fail in the de-
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scription of complex magnetic behavior of the studied ferberite. The
temperature dependence of electrical resistivity [p(T)] shows a semi-
conducting exponential decay saturating at =~ 300 K. The activation
energy of the decay is found to be ~310 meV. Temperature depen-
dence of thermal conductivity [(T')] is characterized by a well de-
fined maximum at ~68 K, which is described by the Debye-Callaway
model, pointing to the dominance of phonon scattering on defects and
umklapp processes. Despite revealing relatively low «(T") and high See-
beck coefficient Feg.sMng 2 WOy is rather poor thermoelectric material
because of enhanced p(T).

FM 9.4 Tue 15:00 BEY/0138
Ab initio-based phase diagrams for compositionally complex
ThMn1l2-type alloys — eSouraBH Kumar!, SEmMiH ENER?, and
TimManN Hicker! — !Bundesanstalt fiir Materialforschung und -
priifung, 12489 Berlin — 2Technische Universitat Darmstadt, 64289
Darmstadt

The structural and chemical stability of rare-earth-based transition-
metal (such as Nb, Ce, and Sm) alloys is critical in determining the
performance of modern hard magnets (HMs), particularly their co-
ercivity and thermal robustness. This study examines the intrinsic
phase competition in (Sm/Ce)-(Fe/Co)-Ti systems, focusing on how Ti
additions influence the thermodynamic stability of high-temperature
HMs. Two compositional pathways were examined: one dominated by
Sm/Ce-Fe/Co binary chemistry and the other influenced by (Sm/Ce)-
(Fe/Co)-Ti ternary interactions. We employed ab initio calculations to
investigate the finite-temperature stability of ordered, disordered, and
metastable phases, thereby guiding experiments. Based on the com-
puted energetics, we analyzed how Ti incorporation alters local bond-
ing environments and stabilizes magnetically desirable motifs. Fur-
thermore, we constructed an ab initio phase diagram to reveal the in-
terplay between rare-earth metals and transition metals across a broad
temperature range. We have revealed that Ti addition promotes the
formation of a more robust Sm-rich phase by strengthening the lo-
cal Sm-Fe-Ti matrix. This stabilization enhances alloy coercivity and
provides insights into the thermodynamic and chemical factors driving
phase evolution, enabling the design of better permanent HMs.

FM 9.5 Tue 15:15 BEY/0138
Molecular orbital degeneracy lifting in NbSel — eKErita
Kousimal, Havaro Takano!, YouicHl YAMAKAWA?, SHUNSUKE
Krrou3, Ryutaro Okumal, and Yosummiko Okamoro! — Institute
for Solid State Physics, University of Tokyo, Kashiwa 277-8581, Japan
— 2Department of Physics, Nagoya University, Nagoya 464-8602,
Japan — 3Department of Advanced Materials Science, University of
Tokyo, Kashiwa 277-8581, Japan

The breathing pyrochlore lattice, composed of alternating small and
large tetrahedra, hosts molecular orbitals within the smaller tetrahedra
that strongly influences its physical properties. Such molecular-orbital
and frustration-driven effects have led to diverse electronic states in
related compounds. We investigated NbSel, a MoSBr-type material
with a particularly large breathing distortion whose physical proper-
ties remain unexplored despite previous synthesis reports. We synthe-
sized single crystals and conducted x-ray diffraction, physical property
measurements, and first-principles calculations. While the calculations
predict metallic flat bands originating from Nb 4d orbitals, magnetic
and transport measurements reveal a nonmagnetic insulating state be-
low 300 K. NbSel also undergoes a structural transition at Ts = 106 K.
Our structural studies demonstrate local atomic displacements above
Ts and a trimer-like molecular transformation below Ts. Our results
show that the combination of strong breathing distortion and flat-
band*derived electronic structure stabilizes molecular-orbital degrees
of freedom, advancing orbital physics beyond single-ion descriptions
toward cluster-based electronic phenomena.
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FM 10: Crystal Defects and Real Structure Physics in Diamond and Functional Materials Il

chair: Theo Scherer (Karlsruhe Institute of Technoloy, DE)

Time: Tuesday 14:00-15:30

FM 10.1 Tue 14:00 BEY/0E40
Identification of defects in iron molybdate catalysts via first
principles calculations — eYounc-JooN SoNG and Roser Va-
LENTI — Institut fiir Theoretische Physik, Goethe-Universitat, 60438,
Frankfurt am Main, Germany

Iron molybdate (Fez(MoQOy4)3) is well known as a commercial cata-
lyst for oxidative dehydrogenation. Recently, L. Schumacher et al. re-
ported an experimental reduction in Raman intensity at 782 cm™—! dur-
ing catalytic processes. The authors attribute this decrease to oxygen
migration from the bulk to the surface during the reaction, in contrast
to the conventional understanding that oxygen atoms are supplied only
near the surface. To identify the types of defects responsible for the ob-
served reduction in Raman intensity, we performed DFT electronic and
phononic structure calculations for Fea(MoO4)3. Our findings reveal
that optical phonon modes involving oxygen dominate the spectrum at
around 790 cm™1!, with a small contribution from Mo, corresponding
to asymmetric MoOy4 stretching modes. In the Raman calculations, a
major peak appears at 789.68 cm ™! with a small shoulder-like feature
and a minor peak at 972.05 cm™!, consistent with the experimental
observations. By selectively freezing specific phonon modes, we intro-
duced an effective method to incorporate defect effects into Raman
calculations without explicitly creating oxygen vacancies. Using this
approach, we found that oxygen vacancies play a dominant role in the
reduction of Raman intensity. Finally, we discuss the relaxed structure
containing explicit oxygen vacancies. This research was supported by
the German Research Foundation for funding through CRC 1487.

FM 10.2 Tue 14:15 BEY/0E40
Exsolution of metal nanoparticles by control of point defects
— eANDREAS Rosnes!, Bo Jiang?, HOLGER VON WENCKSTERN?,
@ysTEIN PryTz!, and JonaruaN Povrrus? — !Department of
Physics, Centre for Materials Science and Nanotechnology, Univer-
sity of Oslo, PO Box 1048 Blindern, NO NO-0316 Oslo, Norway —
2Department of Chemistry, Centre for Materials Science and Nan-
otechnology, University of Oslo, PO Box 1033 Blindern, NO-0315 Oslo,

Norway

Exsolution involves redox precipitation of metal nanoparticles from
metal oxides, resulting in materials that exhibit excellent electrocat-
alytic properties and hold great promise for novel types of nanoscale
heterostructures. However, a coherent understanding of the phe-
nomenon is lacking. Here, exsolution is described by three point de-
fect equations involving the reduction of the host oxide, reduction and
exsolution of the transition metal, and annihilation of host unit cells.
Guided by their predictions, significantly enhanced exsolution in terms
of molar amount, rate, and nucleation density is shown by accep-
tor substitution to the system Lagp 2Cagp.7Tip.95Cu0.0503_s through
atomic scale imaging and in situ X-ray diffraction and spectroscopy.
It is demonstrated that the oxygen stoichiometry of the parent oxide
increases upon exsolution despite oxygen loss in the reducing environ-
ment. Furthermore, strain in both the host oxide and the exsolved
metal can constitute an additional thermodynamic barrier for exsolu-
tion beyond the availability of the required point defects.

FM 10.3 Tue 14:30 BEY/0E40
Machine-Learning Potentials Reveal Defect Segregation at
Grain Boundaries in Lithium Solid Electrolytes — e WALDEMAR
Kaiser!, HyunwoN Cnu?, JENNIFER L.M. Rupp!+2, and Davip A.
Eccer! — 1TUM School of Natural Sciences, Technical University of
Munich — 2Department of Materials Science and Engineering, Mas-
sachusetts Institute of Technology

Grain boundaries (GB) play a central role in ionic and electronic trans-
port in polycrystalline solid electrolytes [1, 2|, yet their local defect
chemistry remains difficult to resolve. Their structural complexity and
chemical heterogeneity introduce a wide distribution of possible de-
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fect configurations that are computationally demanding to character-
ize with first-principles methods. As a result, the origins of variations
of ionic and electronic transport often remain unclear.

Here, machine-learning potentials (MLPs) are applied to represen-
tative X5 and 33 GB structures to investigate ionic defects in lithium
lanthanum zirconate (LLZO). The MLPs enable the systematic and
efficient mapping of lithium- and oxygen-vacancy formation energies,
revealing reductions of up to 1 eV within GB cores relative to bulk
sites. Structural analysis further identifies locally Zr-deficient coordi-
nation environments as preferred incorporation sites for lithium vacan-
cies, and experiments show that Ta-doping fills these bottlenecks and
enhances the material’s stability.

[1] B. Gao et al., Adv. Energy Mater. 12, 2102151, 2021 [2] Y. Zhu
et al., Nat. Rev. Mater. 6, 313-331, 2021

coffee break

FM 10.4 Tue 15:00 BEY/0E40
2 - Dimensional hybrid perovskite as a promising semiconduc-
tor for large area electronics — eToMAsz MARSZALEK, SHUAN-
GLONG WANG, ZHITIAN Ling, DENIs ANDRIENKO, HAl WaNG, PauL
W.M. Brom, and Woicieca PisuLa — Max Planck Institute for
Polymer Research, Mainz, Germany

Two-dimensional (2D) perovskites with bulky spacer cations are
promising candidates for field-effect transistors due to the suppressed
ion movement caused by large size insulating ligands. However, the
relationship between the chemical nature of organic cations and film
morphology, crystallinity, molecular organisation and charge carrier
transport in 2D layered perovskites is not yet fully understood, which
significantly limits the development of 2D perovskite FETSs.

This report presents a distinct odd-even effect in 2D Sn-based per-
ovskite semiconductors for the first time, incorporating monovalent
phenylalkylammonium-based organic cations with alkyl side chains of
different lengths containing either an odd or an even number of car-
bon atoms. An odd-even oscillation of charge carrier transport was
revealed using optically pumped terahertz spectroscopy and transistor
devices. By combining density functional theory calculations with sim-
ulated grazing-incidence wide-angle X-ray scattering, we demonstrate
that organic ligands featuring odd carbon atoms exhibit a disordered
crystal lattice and tilted inorganic octahedra. This results in a larger
effective mass and inferior charge mobilities compared to perovskites
with an even number of carbon atoms in the organic cations. (J. Am.
Chem. Soc. 2024, 146, 19128, Mater. Horiz., 2024,11, 1177)

FM 10.5 Tue 15:15 BEY/0E40
On the origin of the strange metal Hall effect in BaFe2(Asl-
xPx)2 — eAucusTo Guiorro!, Darian HaLn!, Yuanar Lyu?!, Ko-
HTARO YamMakawal, JounN SiNngLETON?, and JAMES ANarLyTis! —
I University of California, Berkeley, USA — 2National High Magnetic
Field Laboratory’s Pulsed Field Facility at Los Alamos, USA

BaFe2(Asl-xPx)2 is an unconventional superconductor in which the
antiferromagnetic, nematic and structural order is suppressed by iso-
valent P substitution, leading to a quantum critical point at x = 0.31.
It has been shown that the Hall effect of the overdoped series con-
tains an anomalous contribution arising from the correlations within
the strange metal, whose behavior emanates from a quantum critical
point and, in the zero-temperature limit, decays together with the su-
perconducting critical temperature. Here, we present new data on the
underdoped series taken at pulsed high magnetic fields. To achieve a
large signal to noise ratio and an accurate measurement of the Hall co-
efficient, we microstructured the crystals into well-defined Hall bars. In
this talk, we will draw parallels between the Hall effect in the ordered
state and in the strange metal.



Dresden 2026 — FM

Tuesday

FM 11: Poster Session Functional Materials
chairs: Jan Schultheif (NTNU, NO), Anna Griinebohm (Ruhr Universitdt Bochum, DE)

Time: Tuesday 18:00-20:30

FM 11.1 Tue 18:00 P4
Structural and Optical Characterization of FeGaInS* Lay-
ered Crystals — eZEYNAB ADDAYEVA and MUSTAFA MURADOV —
Baku State University, Baku , Azerbaijan

FeGalnS4 layered crystals were synthesized using the Bridgman tech-
nique, and their crystal structure was investigated via powder X-ray
diffraction (XRD). FeGalnS4 is a quaternary complex metal chalco-
genide that belongs to the class of layered, quartz-like A-B-C-X4 type
compounds. The material crystallizes in the rhombohedral system and
adopts the R3m (No. 160) space group, according to the International
Union of Crystallography (IUCr) classification. The refined lattice pa-
rameters (a = b = 5.406 A, ¢ = 10.708 A) confirm the presence of
a highly symmetric and anisotropic layered crystal structure. Within
the structure, Fe, Ga, and In atoms occupy different coordination envi-
ronments and form tetrahedral bonds with sulfur (S) anions, resulting
in a complex three-dimensional network. These bonding interactions
directly influence the material’s electronic structure and related func-
tional properties, including electrical conductivity, optical absorption,
dielectric response, and thermal stability. Due to its anisotropic lay-
ered architecture, FeGalnS4 exhibits natural cleavage along specific
crystallographic directions. This property renders it suitable for exfo-
liation into few-layer or monolayer nanosheets, making it a promising
candidate for the fabrication of two-dimensional (2D) materials and
high-performance composite systems. The optical band gap of Fe-
GalnS4 is approximately 1.46 eV.

FM 11.2 Tue 18:00 P4
An Atom Probe Tomography Study of the Bond Break-
ing Behavior of Transition Metal Chalogenides — eSopHIA
SCHREINEMACHER!, JAN KoTTGEN!, ELias HILDEBRNAD!, FELIX
Horr!, CurisTiaN STENz', Vicky Hasse3, Yuan Yul, and
Marthias WurTtich2 — 1. Institute of Physics (IA), RWTH Aachen
University, Germany — 2Peter Griinberg Institute - JARA-Institute
Energy Efficient Information Technology (PGI-10), Jiilich, Germany
— 3Max Planck Institute for Chemical Physics of Solids 01187 Dres-

den, Germany

Chemical bonds are a vital subject in materials science, as they are one
of the central factors that define the properties of a material. Transi-
tion metal chalcogenides are a group of materials characterized by the
bonding between the chalcogenide p-orbitals and the metal d-orbitals,
which exhibit unique electronic, optical, and magnetic properties. The
main bonding indicator in this study is the probability of multiple
events (PME) obtained during atom probe tomography (APT) acqui-
sition.

The results show a medium PME (40-60%), highlighting the unique
bond-breaking behavior that transition metal chalcogenides display
during APT evaporation. In a plot of the PME against the electrical
conductivity, the studied materials cluster at the border between the
metavalent and covalent materials. These findings expose a clear con-
nection between transition metal chalcogenides, their d- and p-orbital
interaction, and their bonding characteristics, thereby broadening our
understanding of metavalent materials.

FM 11.3 Tue 18:00 P4
Epitaxial Growth and Optimization of LiINbO3 Thin Films on
LiTaO3 and Al203 by Pulsed Laser Deposition Using Ma-
chine Learning — eHvYEYEON CHO, MILENA PETKOVIC, STEFFEN
GansHOw, and JUTTA SCHWARZKOPF — Leibniz-Institut fiir Kristal-
lziichtung, Max-Born-Strafe 2, 12489 Berlin, Germany

Lithium niobate (LiNbO3) thin films are widely used in electro-optical
and electro-acoustic devices due to their excellent ferroelectric, piezo-
electric, and nonlinear optical properties, offering broader bandwidths
at higher frequencies and reduced operational voltages compared to
bulk materials. The development of high-quality, phase-pure, and
smooth LiNbO3 films is essential for achieving superior device per-
formance. Pulsed Laser Deposition (PLD) offers precise control over
growth parameters, enabling the fabrication of epitaxial LiINbO3 lay-
ers with tunable structural properties. In our work, we investigated
the epitaxial growth of LiNbO3 thin films on LiTaO3 and Al203 sub-
strates using PLD. The influence of various PLD growth conditions
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and substrate materials was systematically investigated with regard
to phase formation and structural ordering by x-ray diffraction and
surface roughness by atomic force microscopy. Furthermore, a four-
step machine learning workflow, including Artificial Neural Network
(ANN) and Random Forest (RF) models, was employed to analyze the
nonlinear relationships between PLD parameters and structural film
properties. This combined experimental and computational approach
accelerates development and provides deeper insight into LiNbO3 thin
film growth for advanced photonic and optoelectronic applications.

FM 11.4 Tue 18:00 P4
Ferroelectricity in spin-liquid candidate TbInOs — e ANDREA
TosiasseN!, ELvia Cuavez!, JiaLt He!, Dennis MEeIERD2, and JAN
ScuurTHEIss! — INTNU Norwegian University of Science and Tech-
nology, Trondheim, Norway — 2University of Duisburg-Essen, Duis-
burg, Germany

Hexagonal rare-earth oxides exhibit a variety of intriguing physical
phenomena, ranging from rich magnetism to improper ferroelectric-
ity. Among them, ThInO3 has recently been proposed as a spin-liquid
candidate, where magnetic frustration suppresses long-range magnetic
order at low temperatures. The ferroelectric properties of ThInOs
remain largely unexplored.

In this work, we synthesize ThInOs polycrystals via a solid-state
route. Phase purity is confirmed by X-ray diffraction (XRD), while
Scanning Electron Microscopy (SEM) and Piezoresponse Force Mi-
croscopy (PFM) reveal a pronounced domain contrast, evidencing a
topological ferroelectric domain structure typical for hexagonal ox-
ides. High-temperature XRD indicates a Curie temperature (T¢) of
approximately 1630 K, corresponding to the polar P6scm to non-
polar P63/mmc phase transition. Understanding the ferroelectricity
in ThbInO3 provides a foundation for engineering its domain structure
and exploring potential magnetoelectric coupling effects.

FM 11.5 Tue 18:00 P4
Localized High-Concentration High-Entropy Electrolytes for
Superior Lithium Metal Anodes via Solvation Cluster Regu-
lation — eHaixuaN Luo and PETER MULLER-BuscuBaum — TUM
School of Natural Sciences, Chair for Functional Materials, Garching,
Germany

The practical deployment of high-energy-density lithium metal bat-
teries (LMBs) is severely hindered by the thermodynamic instabil-
ity of the lithium metal anode, which precipitates dendritic growth
and poor Coulombic efficiency. Although localized high-concentration
electrolytes (LHCEs) have emerged as a promising solution, optimiz-
ing their cluster configurations to maximize interfacial durability re-
mains a challenge. Herein, we propose a groundbreaking localized
high-concentration high-entropy electrolyte (LHCHEE) strategy that
leverages the high-entropy effect to tailor solvation structures at the
molecular level. Our systematic investigation reveals that the in-
troduced configurational entropy promotes the formation of uniform,
anion-rich solvation clusters while suppressing solvent decomposition.
This unique solvation environment facilitates the construction of a ro-
bust, inorganic-dominated solid electrolyte interphase (SEI) on the
lithium metal. Consequently, the LHCHEE enables exceptional stabil-
ity, while Li||Cu cells demonstrate significantly improved Coulombic
efficiency. Furthermore, full cells paired with high-voltage cathodes ex-
hibit remarkable capacity retention. This work not only demonstrates
the superiority of LHCHEESs but also establishes entropy engineering
as a critical dimension for designing advanced electrolyte systems.

FM 11.6 Tue 18:00 P4
Ferroelectric switching at edge dislocations in BaTiO3 mod-
elled at the atomic scale — eHimaL W1JEKOON!'2, PIERRE HIREL?,
and ANNA GROUNEBOHM!2 — lInterdisciplinary Centre for Advanced
Materials Simulation (ICAMS) and Center for Interface-Dominated
High Performance Materials (ZGH), Ruhr-University Bochum, Uni-
versitatsstr 150, 44801 Bochum, Germany — Z2Faculty of Physics
and Astronomy, Ruhr-University Bochum, Universitatsstr 150, 44801
Bochum, Germany — 3Univ. Lille, CNRS, INRAE, Centrale Lille,
UMR 8207 - UMET - Unité Matériaux et Transformations, F-59000
Lille, France
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Domain nucleation and switching largely govern the functional proper-
ties of ferroelectric perovskites. Consequently, one can utilize defects
to tailor domain switching and thereby tune the functional proper-
ties of these materials. While previous studies have mainly focused
on switching in pristine pervoskite materials, the influence of defects,
particularly dislocations, on domain nucleation and switching remains
insufficiently understood. Using molecular static simulations, we show
that (100) edge dislocations cores in barium titanate can serve as do-
main nucleation sites. By applying an external electric field in three
different orientations relative to the Burgers vector and dislocation
line, we show how domain nucleation and subsequent growth occurs in
dislocations-induced strain variations. Our simulations reveal that the
coupling between electric field and polarization is strongest when the
field is applied parallel to the Burgers vector.

FM 11.7 Tue 18:00 P4
Topology and Bonding: A bonding-based approach to
topological insulators via Atom Probe Tomography —

eELiAs HILDEBRAND!, JAN KoTTGEN2, YUAN Yul, and MATTHIAS
Wurtic!h? — 11. Institute of Physics (IA), RWTH Aachen Univer-
sity, Germany — 2?Peter Griinberg Institute - JARA-Institute Energy
Efficient Information Technology (PGI-10), Jiilich, Germany

Ever since the discovery of the quantum Hall effect, interest in topo-
logical phases of matter has steadily increased. Initially attributed
to spin-orbit coupling, the underlying guiding principle causing these
topological phases of matter has been a topic of ongoing discussion.

Here, we want to propose a bonding-based approach to explain non-
trivial topological states. The experimental foundation for this con-
nection is established through Atom Probe Tomography (APT). While
APT is primarily employed for microstructural analysis, it has recently
been proposed as a tool capable of identifying different bonding mech-
anisms.

Within this method, most topologically nontrivial materials also ex-
hibit distinct bond-breaking behaviour corresponding to their charac-
teristic bonding mechanisms. Here, different materials are investigated
regarding their topological nature and behaviour in the APT.

Consequently, APT can be established as an experimental method
for identifying topological phases of matter and as an empirical ar-
gument highlighting the significance of bonding in understanding the
fundamental principles governing topological materials.

FM 11.8 Tue 18:00 P4
Strain-driven phonon instabilities in BaSnO3 — eBENYAO SUN
and ANNA GRUNEBOHM — Interdisciplinary Centre for Advanced Ma-
terials Simulation (ICAMS), Ruhr-Universitdt Bochum, Germany

The perovskite BaSnO3(BSO) has attracted extensive research inter-
est due to its favorable properties, including non-toxicity, high thermal
stability, and distinctive electronic characteristics. However, bulk BSO
is generally non-ferroelectric, limiting its applications. Fortunately,
strain engineering can induce ferroelectricity by tuning the perovskite
structure. For example, strain-induced tetragonality leads to a large
dipole moment and, consequently, to a high polarization in strained
ferroelectrics [1]. BSO exhibits ferroelectric polarization under ap-
plied epitaxial strain [2]. Strain-induced ferroelectricity in BSO has
been studied, but phonon-spectrum analyses under sustained strain
remain limited. In our work, we carry out a systematic study of the
phonon instabilities of BSO under compressive strain. We calculate the
critical compressive strain at which soft modes appear in the phonon
dispersion of BSO, analyze the contributions of the polar mode and the
antiferrodistortive mode to the ferroelectricity as well as the couplings
between different soft modes, and also discuss the effect of an external
electric field on these soft modes.

[1] Zeches,R.J.et al.Science 2009, 326,977-980.

[2] Zhang,Y .et al.Phys.Chem.Chem.Phys.2017,19, 26047-26055.

FM 11.9 Tue 18:00 P4
Virtual Characterization Lab: A Python Toolkit for Ma-
terial Characterization from Molecular Dynamics — eVaHID
JaMEBozORGI'"? and CHRISTIAN ScHRODER!:?2 — 1HSBI, Bielefeld,
Germany — 2Bielefeld University, Bielefeld, Germany

Material discovery using traditional experimental methods is a slow
and costly process, often limited by the sampling process, characteri-
zation condition constraints, and the requirement for expensive equip-
ment. While computational tools have transformed materials research
by accelerating the investigation of material properties, a significant
gap remains in connecting high-fidelity simulations with established ex-
perimental characterization techniques. We present the Virtual Char-
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acterization Lab (VCL), a unified, open-source Python toolkit designed
to bridge this gap. The VCL streamlines the entire workflow from
molecular dynamics simulations, enabling researchers to generate and
analyze key characterization data, such as X-ray Diffraction (XRD),
Selected Area Electron Diffraction (SAED), and Vibrational Density
of States (VDOS), all within a single, intuitive environment. By inte-
grating every step from initial structure preparation to final data visu-
alization, the VCL accelerates materials discovery by making virtual
characterization more efficient, accessible, and directly comparable to
experimental results.

FM 11.10 Tue 18:00 P4
Structural Factors Governing Stability and Electronic Trans-
port in Future Neuromorphic Memristor Technologies —
eWikToRrIA Szoral:2:3 MarciN Krynski', ArriLa Canci??3, and
Protr WisNniEwskI? — 1Faculty of Physics, Warsaw University of
Technology, 00-662 Warsaw, Poland — 2Center for Advanced Sys-
tems Understanding, 02826 Gérlitz, Germany — 2Helmholtz-Zentrum
Dresden-Rossendorf, 01328 Dresden, Germany — *Centre for Ad-
vanced Materials and Technologies CEZAMAT, Warsaw University of
Technology, 02-822 Warsaw, Poland

With the rapid rise of artificial intelligence, the demand for technolo-
gies that enable its development and application is high, as Al is now
widely used across science, industry, and everyday life. Neuromorphic
materials may offer a promising solution to the increasingly complex
hardware requirements posed by next-generation, high-throughput Al

Silicon-oxide-based memristors may operate as adjustable weights
within hardware neural networks, enabling more efficient, neuromor-
phic computation. The electronic component contains two electrodes
separated by a thin amorphous silicon oxide layer, within which charge
transport occurs through filamentary silicon chains that form conduc-
tive pathways.

In this project, we investigate how the local atomic structure in-
fluences electronic transport. To this end, we generated hundreds of
memristor models and identified their most stable configurations, with
high structural robustness and defined conduction pathways by using
a combination of DFT calculations and machine learning modeling.

FM 11.11 Tue 18:00 P4
Computational modelling of phonon, elastic, and electronic
properties of layered quantum crystalline materials — eZova
EREMENKO!, YURI SavinZ, and ViapimMiR M. Fomin! — 1IFW Dres-
den, Germany — 20.Ya. Usikov Institute for Radiophysics and Elec-
tronics, National Academy of Sciences of Ukraine, Kharkiv, Ukraine

We present a comparative computational study of the phonon, elas-
tic, and electronic properties of several crystalline quantum materi-
als NbSez, FeSe, MoSz, and BSCCO using density functional theory
(DFT) and COMSOL Multiphysics. For each material, we analyze the
primitive-cell geometry, symmetry, the resulting vibrational and me-
chanical responses extracted from both the first-principles calculations
and the available experimental references. Layered transition-metal
dichalcogenides NbSez, and MoSs, show significantly anisotropic elas-
tic responses, consistent with their quasi-2D bonding. MoS2 shows
elastic constants aligned with experimental values. Properties of the
tetragonal iron-based chalcogenide FeSe are modelled using its prim-
itive cell and the electronic band structure. By leveraging elastic
constants obtained from the available experimental and theoretical
studies, the BSCCO phonon frequencies are calculated with COMSOL
Multiphysics. The close agreement between our simulated phonon fre-
quencies and the experimental data for BSCCO validates our multi-
scale approach, providing a solid foundation for future studies of the
electron-phonon interactions and structural effects in complex quan-
tum materials. We thank Dr. Golam Haider for providing us with the
experimental data for verification of the simulated Raman frequencies.

FM 11.12 Tue 18:00 P4
First-Principles Modeling and ESR Identification of an In-
trinsic Radical Spin Center in UiO-66-NH: Metal-Organic
Framework — eTIMUR BIkTAGIROV!, ANAasTasiia KULTAEVAZ,
DanieL Krose3, Evgenio OtaL?, and WorLr GEro ScHMIDT! —
I Physics Department, University of Paderborn, 33098 Paderborn, Ger-
many — 2Experimental Physics 6, Julius-Maximilian University of
Wiirzburg, 97074 Wiirzburg, Germany — SETH Zurich, 8093 Zurich,
Switzerland — “Institute for Aqua Regeneration (ARG), Shinshu Uni-

versity, 4-17-1 Wakasato, Nagano 380-8553, Japan

Metal-organic frameworks (MOFs) are emerging as tunable platforms
for sensing, photocatalysis, and energy conversion, where charge trans-
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fer, spin interactions, and defect states play key roles. Here, we
identify and characterize a native NH-: radical defect intrinsic to the
aminoterephthalate linker in UiO-66-NHo MOF. Combining density
functional theory (DFT) modeling with multi-frequency electron spin
resonance (ESR) spectroscopy, we elucidate the radical’s electronic
structure, spin density distribution, formation pathway, and spin-
coherence properties. Our findings reveal the radical’s exceptional
stability and highlight its relevance for both photocatalytic charge sep-
aration and quantum-enhanced sensing in MOFs.

FM 11.13 Tue 18:00 P4
Efficient Discovery of Intermediate-Temperature Proton
Conductors via Ion Exchange Strategy with Machine Learn-
ing Potential — eYuN AN, KARSTEN REUTER, and CHRISTOPH
ScHEURER — Fritz Haber Institute of the Max Planck Society, 14195
Berlin, Germany

Proton-conducting solid-oxide fuel cells (H-SOFCs) are promising for
direct ammonia-fed SOFC applications, as they eliminate NO, emis-
sions compared to conventional oxide-ion-conducting solid-oxide fuel
cells. However, current proton-conducting electrolytes operate at high
temperatures and suffer from leakage currents. Known suitable ma-
terials remain rare, calling for systematic investigations into novel
proton conductor classes. We present a framework that combines
machine-learning techniques with high-throughput computation to
screen and design efficient proton conductors at intermediate temper-
atures. Through an ion-exchange strategy applied to known alkaline-
ion conductor classes, we identify a database of potential proton-
conducting materials. Machine learning molecular dynamics simula-
tions are employed to assess stability and diffusion barriers, enabling
the selection of top-performing candidates. The screened proton con-
ductors contain cations that span from monovalent to pentavalent,
including Rb*, Ba?t, Ca?t, B3+, Zr*t, and Nb®t, and predomi-
nantly feature SO42~ and PO43~ polyanion groups. Proton transport
in these materials follows the Grotthuss mechanism. The strength of
hydrogen bonds increases after ion-exchange engineering, thereby en-
hancing proton transfer.

FM 11.14 Tue 18:00 P4
Dual Strategy Engineering of Zn4Sb3: Indium Doping
and ZnO Coating for High zT — eABHISHEK PANDEY!, AMIN
Banrami?, and KorneLius NieLscu3 — lLeibniz Institute for Solid
State and Materials Research, Helmholtzstrafse 20, Dresden 01069,
Germany — 2Leibniz Institute for Solid State and Materials Research,
Helmholtzstrafe 20, Dresden 01069, Germany — 3Leibniz Institute
for Solid State and Materials Research, Helmholtzstrae 20, Dresden
01069, Germany

Zn4Sb3 is one of the promising thermoelectric materials due to its very
low thermal conductivity and favorable electronic properties for high
TE performance. However, its practical application to TE device is
limited by structural instability and Zinc-ion migration, which lead to
the formation of zinc whiskers and degradation of TE performance. In
this work, a dual-strategy approach has been adopted to enhance and
stabilize Zn4Sb3, (1) Indium doping, and (2) ZnO surface coating of
powder. Indium substitution within the Zn4Sb3 lattice is shown to in-
crease the figure of merit (zT). In parallel the bulk modification, ZnO
coating on Zn4Sb3 particles acts as a diffusion barrier that mitigates
zinc migration and whisker formation, which improves the structural
robustness during prolonged thermal cycling.

FM 11.15 Tue 18:00 P4
Towards Quantification of Convergent Beam Electron
Diffraction Patterns — eJiMMy STEINWEH!, DANIEL WoOLF!, and
AxgeL Lusk!2 — !Leibniz Institute for Solid State and Materials Re-
search, Dresden, Germany — 2Institute of Solid State and Materials
Physics, TU Dresden, Germany

Convergent beam electron diffraction (CBED) is a transmission elec-
tron microscopy (TEM) method, that utilizes a convergent elec-
tron beam to investigate the symmetry of crystalline samples at the
nanoscale. A method for quantifying discrete rotational and mirror
symmetries in CBED patterns is presented, involving a quantification
algorithm for both simulated and experimental CBED patterns. This
approach is used to investigate the influence of probe shifts, beam tilts,
and thermal lattice vibrations on the symmetry of simulated CBED
patterns of silicon to identify crystal structure related asymmetries. It
is found that for a semi-convergence angle of o = 1.7 mrad, the asym-
metry introduced by probe shifts is barely detectable in simulations,
whereas beam tilt effects are significant at beam tilt angles as low as
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0.1 mrad. Consequently, precise alignment of the beam in zone axis is
crucial. We find furthermore that consideration of lattice vibrations
within the frozen lattice approximation also slightly breaks the symme-
try and discuss the origin of this effect. These results aim to establish
a foundation for further development of CBED as a quantitative tool
for probing crystal symmetries at the nanoscale.

FM 11.16 Tue 18:00 P4
Correlated Imaging of Thermal Conductivity and Ferroelec-
tric Domains in PbTiO3 Using Scanning Probe Microscopy —
oC1ARA WARD, LINDSEY LyNcH, and RayMoND McQuaID — Queen’s
University Belfast, Belfast, UK

Perovskite ferroelectrics are an attractive platform for realising thermal
conductivity switching through voltage configuration of domain mi-
crostructure. Reported mechanisms involve thermal conductivity mod-
ulation through structural re-orientation (anisotropy) [1,2] or phonon
scattering by domain wall defects [3-5], both of which can be controlled
through sample geometry and applied fields. Heat flow measurements
and thermoreflectance investigations have quantitatively benchmarked
thermal switching ratios but, in some cases, a lack of direct thermal
mapping introduces ambiguity as to the relative role played by the
two mechanisms. We are using Scanning Thermal Microscopy to ex-
plicitly map the local thermal conductance in samples of archetypal
ferroelectric PbTiO3 to clarify the underlying mechanisms that enable
modulation of thermal transport. In tandem, we are using domain en-
gineering and electric-field poling techniques to demonstrate the max-
imum achievable contrast in thermal conductance in this system.

[1] J. Seijas-Bellido et al. Appl. Phys. Lett. 115, 192903 (2019). [2]
L. Féger et al. Phys. Rev. Mater. 8, 094403 (2024). (3] Ihlefeld et al.
Nano Lett. 15, 1791 (2015). [4] E. Langenberg et al. Nano Lett. 19,
7901 (2019). [5] R. Belrhiti-Nejjar et al. Adv. Sci. 12, €06931(2025).

FM 11.17 Tue 18:00 P4
Impurity-Driven Vacancy Evolution in Irradiated Tungsten
Revealed by Positron Annihilation Spectroscopy and Mul-
tiscale Modeling — eZmwer Hu'?2, Qicur Yanc3, JiNnTONG
Wu#4, Frangois JoMARD®?, THoMAS JOURDAN®, and MARIE-FRANCE
Bartue? — 'HZDR, Dresden, Germany — 2CEMHTI-CNRS, Or-
léans, France — 3KTH, Stockholm, Sweden — 4 University of Helsinki,
Finland — °GEMAC; Versailles; France — SCEA,Gif-sur-Yvette,
France

Thermonuclear fusion demands plasma-facing materials that with-
stand extreme heat and irradiation. Tungsten, selected for ITER,
develops microstructural evolution. Predicting defects behavior is
therefore crucial. Using Positron Annihilation Spectroscopy, TEM,
atomistic modeling, and DFT, irradiation-induced defects were exam-
ined. A new PAS data-inversion method using quadratic program-
ming and two-component DFT was created. This method reconstructs
full vacancy-cluster distributions from PAS data. Results show small
vacancy clusters dominate after high-temperature irradiation. These
clusters remain invisible to TEM yet strongly affect microstructure.
Room-temperature electron irradiation showed reduced pure vacancy
fractions. Unexpected positron traps were observed. SIMS and DFT
identified these traps as oxygen-vacancy complexes. Cluster-dynamics
simulations confirmed oxygen interacts with Frenkel pairs. Such inter-
actions significantly modify defect evolution. Comparative irradiations
of varying-purity tungsten were performed, PAS and TEM together re-
vealed impurity effects.

FM 11.18 Tue 18:00 P4
Phase Transitions and Ferroic Properties in Or-
ganic*Inorganic Hybrid Halide TMCM-Mn*-*Fe*Cl1* Crys-
tals — eCHITHRA KANDAPPANTHODI, BORIS SLAUTIN, SOBHAN M
FatHaBAD, DANIIL LEwWIN, DorU Lurascu, and VLADIMIR SHVARTS-
MAN — University of Duisburg-Essen

Organic*inorganic hybrid halides have garnered significant attention
in materials science due to their eco-friendly, cost-effective synthe-
sis, and outstanding optoelectronic properties. We report the prop-
erties of Fe-substituted trimethyl chloromethyl ammonium manganese
trichloride TMCM-Mnl-xFexCl3 single crystals. The samples were
obtained via the solvent evaporation seed assisted crystal growth
method. Temperature-dependent X-ray diffraction and differential
scanning calorimetry measurements confirm a sequence of structural
phase transitions: from a monoclinic P121 phase at 302 K to mono-
clinic Cc, and subsequently to a hexagonal P6*/mmc phase at 408K
for the pure TMCM-MnCI3 sample. Dielectric permittivity measure-
ments indicate the improper ferroelectric transition at 408 K. Piezore-
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sponse force microscopy further identifies well-defined ferroelastic do-
mains at room temperature, which vanish upon heating above 304
K, as also observed using polarized light microscopy. Fe-substituted
TMCM*Mn***Fe*Cl* samples exhibit a new intermediate phase tran-
sition near 328 K. UV*vis absorption spectra also demonstrate that
increasing Fe content tunes the electronic bandgap. This compre-
hensive characterizations highlights TMCM-MnCI3, and TMCM-Mn1-
xFexCl3 as a promising candidate for multifunctional applications.

FM 11.19 Tue 18:00 P4
Polymorph Stability and Mo Substitution in WO3 — eHIrAN
KANKANAMGE!, SusanNE Susanne?13, and ANNa GRONEBOHM!
— IScale-bridging simulations of functional composites, Interdisci-
plinary Centre For Advanced Materials Simulation (ICAMS), Ruhr-
University Bochum, Universitéatsstr. 150, 44801 Bochum, Germany —
2Applied Quantum Materials, Institute for Energy and Materials Pro-
cesses (EMPI), Faculty of Engineering, University of Duisburg*Essen,
Forsthausweg 2, 47057 Duisburg, Germany — 3Research Center Fu-
ture Energy Materials and Systems (RC FEMS), University of Duis-
burg*Essen, Forsthausweg 2, 47057 Duisburg, Germany

Mixed molybdenum-tungsten oxides offer tunable electrochromic and
catalytic properties [1]. Pure WO3 exhibits several polymorphs sep-
arated by only a few meV-atom~! [2], leaving the structural trends
in MogzW1_,03 insufficiently resolved. As a baseline for substitution,
we use first-principles calculations to reassess the stability of the main
WO3 polymorphs and recover the characteristic low-energy grouping
of the S, 7, and & phases.

Building on these optimized structures, the focus of this work is to
introduce molybdenum across all phases and trace how composition
modifies the energy landscape, octahedral tilting, and relative phase
preferences. The resulting trends are compared with experimental ob-
servations on mixed Mo-W oxides [1] to evaluate their consistency and
refine the microscopic picture of phase competition within the Mo-W-
O system.

[1] H.-J. Lunk and H. Hartl, ChemTexts 9, 5 (2023).

[2] H. Hamdi et al., Phys. Rev. B 94, 245124 (2016).

FM 11.20 Tue 18:00 P4
Mechanistic Origin of Charge Separation and Enhanced
Photocatalytic Activity in D-n-A-Functionalized UiO-66-

NH; MOFs — eAnastasiia Kurraeval, TiMUR BIKTAGIROVZ,

VOLODYMYR VASYLKOVSKYI!, ANDREAS SPERLICH!, EUGENIO OTAL3,
WoLr GErO ScuMIDT?, and VLADIMIR Dyakonov! — !Experimental
Physics 6, University of Wiirzburg, 97074 Wiirzburg, Germany —
2Physics Department, Paderborn University, D-33098 Paderborn, Ger-
many — 3Institute for Aqua Regeneration, Shinshu University, Nagano

380-8553, Japan

Donor-m-acceptor (D-m-A) functionalization of MOF linkers offers a
promising route to enhance visible-light photocatalysis, yet the under-
lying photophysical mechanisms remain insufficiently resolved. Here
we investigate UiO-66-NH> modified via diazo coupling with anisole,
diphenylamine (DPA), and N,N-dimethylaniline (NNDMA) dyes. Op-
tical measurements and first-principles calculations show that all donor
groups introduce new occupied states near the valence-band edge, en-
abling dye-to-framework charge transfer and red-shifted absorption.
EPR and transient photoluminescence reveal that anisole uniquely
promotes efficient intersystem crossing to a long-lived triplet charge-
transfer state, whereas bulkier donors such as DPA and NNDMA
can also generate defect-associated traps that enhance recombination.
These results clarify how donor structure dictates electronic-state for-
mation, triplet pathways, and defect behavior, providing mechanistic
guidelines for tailoring charge dynamics and photocatalytic activity in
D-7-A-modified MOFs.

FM 11.21 Tue 18:00 P4
Isovalent exchange of Al, Mg and Zr in strontium hexagal-
late (SrGa12019) — eFINN Bietz!, CurisTiaN Ruope2, and Si-

MONE SANNA3 — lInstitut fiir Theoretische Physik, Justus-Liebig-
Universitit Giefen, Giefen 35392, Germany — 2Leibniz Institut fiir
Kristallziichtung, Max Born Strafe 2, 12489 Berlin — 3Center for Ma-
terials Research (ZfM), Justus Liebig University Giefen, Giefien 35392,
Germany

Strontium hexagallate (SrGai2019) can be used as a substrate for the
growth of barium hexaferrite (BaFe12019), a ferrimagnetic and a quan-
tum paraelectric material. The lattice parameters of SrGa;2019 can
be adjusted by substitution of Ga by Al or Mg and Zr, respectively, for
the lattice-matched growth and strain engineering of (BaFe12019) thin
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films. Unfortunately, a microscopic picture of the doping mechanisms,
as well as of their effect on the lattice parameters, is still missing. In
this contribution, we report on first-principles calculations performed
to determine the lattice site of Al, Mg and Zr atoms in the SrGaj2019
structure, and support corresponding experiments performed at the
IKZ in Berlin. Thereby the defect formation energies of Al, Mg and Zr
atoms incorporated in the dilute limit at different lattice sites were cal-
culated within density functional theory (DFT). The atomistic models
reveal that Mg populates the so called Ga® position, Al prefers the
Ga(®) site, but also populates the Ga® and Ga(® sites, and that the
Zr is incorporated at the Ga(®) site. A substitution at the Sr site is
energetically unfavorable for all dopants, instead. The calculated for-
mation energies are in good agreement with the experimental results.

FM 11.22 Tue 18:00 P4
Ferroelectric domain shapes in LiNbO3 and LiTaO3 from a
revised Ising model — eJoNas PauL!, LEONARD VERHOFF?, and
SiMONE SANNAl — 1Justus-Liebig-Universitiat Giessen, Giessen, Ger-
many — 2Technische Universitit Wien, Wien, Austria

Lithium niobate (LN) and lithium tantalate (LT) are both ferroelec-
tric materials whose domains can be influenced by external electric
fields. While both crystallize within the same symmetry group (R3c),
congruent LN and LT form different domain shapes as experimentally
observed [1]. DFT calculations could explain the domain shapes of
LN and LT via calculations of the domain wall energy [2]|, however,
knowledge about build-up of domain shapes in mixed lithium niobate-
tantalate (LNT) mixed crystals is still lacking.

In this contribution, we demonstrate that the domain build-up in
LNT can be modeled with a modified Ising model and performed
Monte Carlo and Greedy calculations to simulate the domain growth.
‘We show that an additional interaction term in the Ising model de-
termines the characteristic domain shape. Furthermore, we employ
Greedy simulations for different parameters, obtaining a phase dia-
gram for the domain shape transition. In consequence, we predict
domain shapes for LN, LT, and LNT mixed crystals.

[1] D. A. Scrymgeour et al., Phys. Rev. B 71, 184110 (2005)

[2] D. Lee et al., Aplied Physics Letter 98, 092903 (2011)

FM 11.23 Tue 18:00 P4
Reversible nanoscale patterning of WTes with a scanning tun-
neling microscope — eKrviN Hauser!:2, Danvance Liv!, Berk
7ZeENGIN!, JENs OPPLIGER!, SAMUEL MARNAS-VALERO?, CATHERINE
WiITTEVEEN?, FaBiaN O. voN RosRrR®, JENNIFER E. Horrman?:3,
and FaBiaN D. NaTrTeErRER! — !Department of Physics, University of
Zurich, Switzerland — 2Department of Physics, Harvard University,
Cambridge MA, USA — 3School of Engineering & Applied Sciences,
Harvard University, Cambridge MA, USA — “Instituto de Ciencia
Molecular, Universitat de Valéncia, Spain — ®Department of Quan-
tum Matter Physics, University of Geneva, Switzerland

Manipulating the lattice structure of quantum materials that host fer-
roelectric or Weyl semimetal phases provides a route to control these
states on nanometer length scales. Prior experiments on the type-
IT Weyl semimetal candidate WTez have demonstrated ferroelectric
switching on micrometer length scales and transient control of the
predicted topological phase via ultrafast excitations. However, both
approaches lack the ability to induce persistent, localized distortions
on the nanometer scale. In this contribution, we use current pulses
applied by a scanning tunneling microscope (STM) to write, move,
and erase nanoscale lattice distortions on WTes. The resulting lattice
distortions consist of picometer-scale in-plane and out-of-plane atomic
displacements, accompanied by changes in the local density of states.
The in-plane shifts are on the same order of magnitude as expected
for ferroelectric switching. These results demonstrate local, reversible
control of the lattice structure of WTes on nanometer length scales.

FM 11.24 Tue 18:00 P4
Phase and microstructure evolution of SnO,:Ta thin films as
a function of the oxygen partial pressure during deposition
— CeciLia Baupen!, Lukas Pracer!, Frans Munnik!, FABIAN
Ganss!, HarisH PararLa?, Ansana Devi?2, CarrLos ROMERO-
Muniz3, RaMoN EscoBaR-GALINDO3, and eMarrthias KRrause!
— 1Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany —
2IFW Dresden, Dresden, Germany — 3Universidad de Sevilla, Sevilla,
Spain
Recent research on SnO2-based TCOs has focused on Ta-doped SnO2
(TTO), since it surpasses In203:Sn and ZnO:Al in thermal stability
under vacuum and in air [1, 2]. This work presents a Raman spec-
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troscopy and XRD study on the phase and microstructure evolution of
SnO;:Ta thin films as a function of the oxygen partial pressure dur-
ing thin film deposition by reactive DC magnetron sputtering. At low
O2 flow rates a phase structure comprising metallic 5-Sn, SnO and
Sn304 without incorporated Ta is found. Higher Os flow rates yield
the formation of the rutile structure of SnO3:Ta, where Ta replaces Sn
as Tag, and transfers free charge carriers into the Sn 5s* conduction
band [3]. A resistivity minimum of 1.3 x 1073 Q c¢m, a maximum mo-
bility 16 cm? (Vs)~!, and a distinct reflectivity edge in the NIR were
found for the films with the best transport properties.

[1] F. Lungwitz et al., SolMat 196, 84-93 (2019); [2] M. Krause et
al., J. Mat. Chem. A 11, 17686-17698 (2023); [3] M. Krause et al., J.
Mat. Chem. A 13, 15128-15139 (2025).

FM 11.25 Tue 18:00 P4
Controlled synthesis of the magnetic topological insulator
MnSbsTes with variable Curie temperature — eLLAURA ZENI
Cunual, Laura T. CorrEDOR?®, Anja U.B. WorTER?, and ANNA
Isaeva®:2:3 — University of Amsterdam, The Netherlands — 2TU
Dortmund University, Germany — 3Research Center Future Energy
Materials and Systems, Germany — *Leibniz IFW Dresden, Germany

Magnetic topological materials (MnXgsTes)(X2Tes), are promis-
ing candidates for spintronic and energy-efficient technologies.|[1]
MnSbyTes features tunable Mn content that enables optimization of
the magnetic ground state and ordering temperature[2-4] - key re-
quirements for potential applications. However, synthetic control over
Mn stoichiometry remains to be fully harnessed. This work presents
a controlled, rapid, and reproducible synthesis route to phase-pure
MnSboTes by using an optimized tellurium precursor. I investigate
by powder XRD, EDX/SEM, and DC magnetization studies how var-
ied synthetic parameters impact its structural and magnetic proper-
ties. I observe an increased stability range of ferrimagnetic MnSboTey
compared with Ref. [2], and demonstrate a clear correlation between
synthesis conditions and the Tc, spanning more than 10 K across the
samples. This insight into synthesis-structure-property relationship
advance our goal of a topological ferromagnet with higher Tc, moving
toward the quantum anomalous Hall effect at practical temperatures.

[1] Nat. Sci. Rev. 11 (2024), nwad282; [2] Phys. Rev. X 11 (2021),
021033; [3] Mater. Today Phys. 38 (2023), 101265; [4] Chem. Mater.
37 (2025), 1446-1456.

FM 11.26 Tue 18:00 P4
Simulation-based optimization of gain characteristics for 3D-
nanoprinted microchannel plates — eKamiLa MURrAT, KRISTIAN
DENEKE, ROBERT ZIEROLD, STEFANIE HAuGa, and RoBERT H. BLiCcK
— Universitdt Hamburg, Hamburg, Germany

Microchannel plates (MCPs) are essential components for signal am-
plification. However, accurately modeling the complex electron multi-
plication processes represents one of the most demanding challenges.

Direct laser writing (DLW) techniques enable enhanced design free-
dom that extends beyond conventional glass-drawn MCPs, allowing
the fabrication of structures with diverse materials and complex ge-
ometries. Since experimentally iterating such printed structures is
both time-consuming and costly, numerical methods become crucial
for development.

However, existing theoretical descriptions of electron multiplica-
tion remain incomplete and probabilistic, which presents a signifi-
cant challenge for accurate simulations. To address this, we employ a
finite-element-based simulation framework in COMSOL Multiphysics
to model the electrostatic fields and electron transport in a 480 pm-
long, 12 pm-diameter MCP channel biased at 1000 V. Within this
configuration we investigate how geometry, bias voltage, and incidence
energy influence electron trajectories and the total gain. To model the
underlying electron avalanche mechanism driven by secondary electron
emission (SEE), different theoretical models are evaluated to analyze
the material-dependent SEE parameters. The resulting workflow es-
tablishes a scalable basis for extensions of the model.

FM 11.27 Tue 18:00 P4
Polarons in LiNb;_,Ta;O3 solid solutions on both sides of
the Curie temperature — eCHRIsSTA FINK-BAUER and SIMONE

SANNA — Institute for Theoretical Physics, Justus-Liebig-University,
Heinrich-Buff-Ring 16, 35392 Giessen, Germany

Polaronic defects in LN, LT and their solid solutions LiNb;_,Ta;O3s
are important to understand their (electrical) conductivity. We do not
only model these defects in the low-temperature ferroelectric phase,
which is of great interest due to its spontaneous polarization leading
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to special properties as piezoelectricity, photoelasticity or nonlinear op-
tical response, but also model the high-temprature paraelectric phase,
which is stable above the Curie temperature and is of relevance for
high-temperature applications. We calculate defect levels in the elec-
tronic band gap to extract activation energies for electronic transport.
In addition, we calculate formation energies in pure LN and LT and
their solid solutions, all from first principles using density-functional
theory as implemented in VASP [1, 2]. [1] G. Kresse, J. Furthmiiller,
Computational Materials Science 6, 15 (1996). [2] G. Kresse, J. Furth-
miiller, Phys. Rev. B 54, 11169 (1996).

FM 11.28 Tue 18:00 P4
Local nanoscale probing of electron spins using NV centers

in diamond — eSErRGEI TRoFIMOV!, CHRISTOS THESSALONIKIOS!,

Victor DEINHART?3, ALEXANDER SPYRANTIS?, Lucas TsuNakil,
Ksenna Vorkoval, Karija HorLicH?, and Boris Naypenov! —
IBerlin Joint EPR Laboratory and Department Spins in Energy
Conversion and Quantum Information Science (ASPIN), Helmholtz-
Zentrum Berlin fiir Materialien und Energie, Berlin, Germany
— 2Leibniz-Institut fiir Hochstfrequenztechnik, Ferdinand-Braun-
Institut (FBH), Berlin, Germany — 3Max Born Institute for Nonlinear
Optics and Short Pulse Spectroscopy, Berlin, Germany

Substitutional nitrogen atoms in a diamond crystal (P1 centers) are
crucial for creation of nitrogen-vacancy (NV) centers. However, P1’s
electron spin generates paramagnetic noise that degrades the NV’s
performance by shortening its coherence time. Bulk characterization
methods of nitrogen concentration based on optical absorption or elec-
tron paramagnetic resonance often overlook local variations in the ni-
trogen content. In this work, we use a helium ion microscope to fab-
ricate nanoscale NV center ensembles at predefined sites with a nano-
scale resolution in a diamond crystal containing low concentrations of
nitrogen. We then utilize these NV-based probes to measure the local
P1 concentration on the level of 230 ppb using the double electron-
electron resonance (DEER) technique. Moreover, by comparing the
DEER spectra with numerical simulations, we determined the concen-
tration of other unknown paramagnetic defects created during the ion
implantation to be up to 15 ppb depending on the implantation dose.

FM 11.29 Tue 18:00 P4
Plug-and-play modification of a scanning electron micro-
scope with a secondary electron yield detector — eKRisTIAN
DENEKE!, STEFaNIE Haucc!, IsaBEL GonzALEz Diaz-PaLacio?,
Marc WENsSKAT!3, WoLFGANG HILLERT?, BENT ANDERSEN!,
RoBERT ZiErROLD!, and RoBErRT Brick!? — !Center for Hybrid
Nanostructures, University of Hamburg, Germany — 2Institute of Ex-
perimental Physics, University of Hamburg, Germany — 2Deutsches
Elektron-Synchrotron (DESY), Hamburg, Germany

Secondary electrons are already detected and used to achieve image
contrast in a scanning electron microscope (SEM). However, measur-
ing the secondary electron yield (SEY) requires a detector configura-
tion that goes beyond the standard features of an SEM. The SEY is an
important figure of merit for many different applications and research
fields such as electron multipliers, vacuum cavities, and spacecrafts.
Therefore, we present a plug-and-play configuration that allows an ex-
isting SEM to be modified with an SEY detector. This detector unit
enables SEY measurements of conductive and insulating thin films in
a pulsed operation mode. Furthermore, planar thin films can be exam-
ined not only at normal incidence, but also at an angle of inclination
of the primary electrons, allowing for angular-dependent SEY char-
acterization. Finally, the integration of our detector unit within an
SEM enables the recording of a 2D SEY map, visualizing structural
variations of patterned substrates. This detector setup could increase
accessibility of SEY measurements and pave the way to improvements
of applications and new measurement techniques.

FM 11.30 Tue 18:00 P4
A high-temperature optical spectroscopy study of congru-
ent LiTaO3 — eLupmiLa EisNER!, ANGELIQUE HOFFMANNZ, ANI
MANUCHARYAN?, SEBASTIAN INCKEMANNZ2, YURlY SuHAk!, STEF-
FEN GanscHow?, HoLger Fritzr!, and Kraus.-D. BEokErR® —
I Clausthal University of Technology, Germany — 2Leibniz-Institut fiir
Kristallziichtung, Germany — 3Technische Universitit Braunschweig,

Germany

Spectroscopic studies of congruent lithium tantalate (cLT) were per-
formed to analyze the optical absorption edge under different thermal
treatments in air and to relate its changes to band gap variations with
temperature. At room temperature, the material exhibits an absorp-
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tion edge near 4.45 eV. Thermal measurements, extending up to 900°C,
show a systematic shift of about 0.138 eV toward lower photon energies
per 100 K with increasing temperature. The treatments at reducing
conditions (Ar/5% Hsz) were found to induce significant changes in the
spectra after cooling down to room temperature. These spectra show
the formation of extended absorption tails down to photon energies
of about 2.5 €V. This may suggest enhanced occupation or reconfigu-
ration of intrinsic defect states, including polaronic states, vacancies,
and antisite-related centers. These spectral changes largely evade ob-
servation under high-temperature in-situ conditions due to the redshift
of the absorption edge. Comparison of spectra recorded after thermal
cycling shows partial reversibility of these defect-related features. The
present results provide a picture of how temperature and reduction-
induced defect chemistry impact the optical response of cLT.

FM 11.31 Tue 18:00 P4
Analysing the laser-driven tetragonal-to-cubic phase-
transition in ferroelectric BaTiO3 using EXAFS spectroscopy
as a local probe — eJanoscH Tasto!, Raijpwip BHar!, Si-
MoN RauLs!, Marco REINHARD?, DIMOSTHENIS SokARAsZ, UwWE
BovensiEpeNY, and Heiko WEeNDE! — lFaculty of Physics and
CENIDE, University of Duisburg-Essen — 2SLAC National Accelera-

tor Laboratory, Stanford University

This work aims to establish time-resolved Extended X-ray Absorption
Fine Structure (tr-EXAFS) spectroscopy as a methodology for solids
where the structural information of the EXAFS is combined with a
pump-probe setup to study local dynamic lattice processes in the time
domain.

As a proof of concept, we analyze the structural cubic-to-tetragonal
phase-transition in the ferroelectric perovskite BaTiO3. The coexis-
tence of displacive and order-disorder phenomena accompanying this
transition is a topic of debate in the literature on this extensively
studied material. Difference-EXAF'S scans at the Ti K-edge and the Ba
Lz-edge between the pumped and unpumped state provide a direct
way to investigate changes in lattice-structure and thermal-induced
disorder in the vicinity of the absorbing atom. We correlate our spec-
troscopic findings with ab initio multiple-scattering calculations using
the FEFF10 code to quantify structural dynamics.

We thank the Deutsche Forschungsgemeinschaft (in the framework of
the Collaborative Research Center 1242) for financial support.

FM 11.32 Tue 18:00 P4
Correlation between grain size and dielectric properties in
medium entropy titanate-based perovskite oxides — AMIRHO-
SEIN PARrRvyaB, eDoru Lupascu, and VLADIMIR SHVARTSMAN — Insti-
tut fiir Materialwissenschaft Universitdt Duisburg-Essen Essen, Ger-
many

High-entropy perovskite oxides have attracted significant attention
as promising materials for energy storage applications. The config-
urational entropy is modulated by substituting different elements at
a specific ionic site. If it is in the range of 0.7R-1.6R or above
1.6R, the oxides are called medium-entropy or high-entropy, respec-
tively. We report a study of the influence of the synthesis method
on the structure, dielectric, and ferroelectric properties of medium
entropy titanate-based perovskite oxides (Ba0.34Sr0.33Ca0.33)TiO3
and (Ba0.25S5r0.25Ca0.25Pb0.25)TiO3. Compared to the solid state
method, the sol-gel derived materials have a smaller grain size and
higher lattice strain. This results in a more diffuse phase transition
and a significant shift in the Curie temperature by 60 and 10 K in
(Ba0.34Sr0.33Ca0.33)TiO3 and (Ba0.25S5r0.25Ca0.25Pb0.25)TiO3, re-
spectively. Furthermore, fine grained samples were found to exhibit
broader polarization hysteresis loops that could be ascribed to higher
barriers to dipole switching and the pinning effect. The interplay of
configuration entropy, microstructure, and functional behavior is ana-
lyzed.

FM 11.33 Tue 18:00 P4
Characterization and Fabrication of Silicon Wave Guides
for the Study of Quantum Material Properties — eSIERRA

RaANDALL Hrinricn'2, SeBASTIAN ZAFRA Kocn'?, FLORIAN
SpickMANN'2, MuraT Srvish2, Craus Ropers'2, and HANNEs
BookMann2 — IMax Planck Institute for Multidisciplinary Sciences,

Gottingen, Germany — 2University of Gottingen, 4th Physical Insti-
tute, Gottingen, Germany

Placing quantum materials into optical cavities promises active con-
trol of material properties and functionality. Low-dimensional systems
are particularly susceptible and exhibit electronic phases that can be
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switched by an external stimulus. However, the required extreme light-
matter coupling is hampered by intrinsic cavity losses and poor overlap
with optical modes. Here, we work towards the integration of a proto-
typic Peierls insulator at the surface of a silicon waveguide resonator.
This project focuses on the creation of the resonator. A resonator cou-
ples the light into the sample by always totally internally reflecting it,
thus generating the evanescent fields used in light matter coupling. To
couple the light into the wafer, the angle of reflection has to be con-
trollable. Here, we used diffraction gratings etched onto the surface
with varying periods to achieve this. Next, we used Fabry-Pérot inter-
ference to maximize the effect of the evanescent fields. As a result, the
resonance conditions of a 25 micrometer thick wafer were observed and
accurately predicted for the first four resonance peaks. The two as-
pects of this project will be combined in future, with etched diffraction
gratings on a thin wafer.

FM 11.34 Tue 18:00 P4
Understanding the formation of metal-semiconductor con-
tacts in ferroelectric p-type oxides — eAILU SACKEY', RUBEN
DracrLanp!, Eci Tokre!, Zewu Yan?3, EprtH BOURRET?,
JaN ScrurTHEISs!, Mario HenTscHEL?, and DENNIs MEIERD'D —
INTNU, Trondheim, Norway — 2Lawrence Berkeley National Lab-
oratory, Berkeley, CA, USA — 3ETH Zurich, Ziirich, Switzerland
— “4University of Stuttgart, Stuttgart, Germany — ®University of
Duisburg-Essen, Duisburg, Germany

Ferroelectric semiconductors exhibit highly tunable electronic re-
sponses, opening new pathways for nanoelectronics beyond Si-based
approaches. Of particular interest are functional properties that arise
at internal interfaces in ferroelectrics, such as domain walls or phase
boundaries, which, when leveraged, can serve as ultra-small active ele-
ments or as extended 3D networks, requiring a thorough understanding
of the contacts used for current injection and sensing.

Here we investigate metal-semiconductor contacts formed by de-
posited electrodes on the surface of the model p-type ferroelectric
ErMnOg3. By cation doping and Oz annealing, we methodically modify
the charge carrier distribution and monitor the related changes. We
find that donor doping promotes ohmic contact formation, whereas
annealing in O2-rich atmospheres leads to Schottky-like barriers. The
results align with expected Fermi-level shifts and band-bending phe-
nomena described by traditional semiconductor physics. Our findings
offer fundamental guidance for controlling the contact formation in
hexagonal manganites and related p-type ferroelectric semiconductors.

FM 11.35 Tue 18:00 P4
Energy Profile and Hopping Barriers for Small Electron Po-
larons at Ferroelectric Domain Walls in Bismuth Ferrite from
First Principles — eSABINE KORBEL — Friedrich Schiller University
Jena, Germany

Evidence from first-principles calculations indicates that excess elec-
trons in BiFeO3 form small polarons with energy levels deep inside the
electronic band gap. Hence, n-type electronic transport could occur
by polaron hopping rather than by band-like transport. Here, using
first-principles calculations, small electron polaron hopping in BiFeOg3
is investigated. Both bulk BiFeOgs and a typical ferroelectric domain
wall, the neutral 71° domain wall, are considered to account for exper-
imental observations of electrical conductivity at domain walls in oth-
erwise insulating ferroelectrics. The object of this study is to shed light
on electron conduction in BiFeOgz and the influence of pristine neutral
ferroelectric domain walls. The computed energy barriers for small
electron polaron hopping are near 0.2 eV, similar to other perovskite
oxides, both in the bulk and within the neutral 71° domain wall. Trap-
ping energies of small electron polarons at the three prevalent domain
walls, the 71°, the 109°, and the 180° wall, are determined. The do-
main walls are two-dimensional traps for small electron polarons, with
a trap depth of about twice the thermal energy at room temperature.
Based on these findings, the n-type mobility and the diffusion con-
stant in BiFeOgs are estimated, and experimental conductivity data for
BiFeOs3 are discussed.

FM 11.36 Tue 18:00 P4
Smart DNA lithography as a tool for nanoelectronics —
eRAUFAR SHAMEEM!, CHARLOTTE KiELAR!, CHRIsTOPH HADLICHZ,
Boria RopRricUEZ-BarReal, RaLr SEDEL?, and ArRTUurR ErRBE! —
Hnstitute of Ion Beam Physics and Materials Research, HZDR, Dres-
den, Germany — 2Peter Debye Institute for Soft Matter Physics, Uni-

versity of Leipzig, Leipzig, Germany

Precise nanoscale patterning enables geometry-dependent functions
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across electrical, optical, and magnetic systems. DNA-templated hy-
brid lithography employs programmable molecular templates to define
complex nanoscale shapes. Here, we use long DNA origami struc-
tures in a workflow integrating self-assembly, selective bottom-up oxide
growth, and conventional top-down processing. The origami patterns
form durable stencil masks on sapphire, guiding etching and metal de-
position to create nanowire geometries beyond optical lithography. To
generate these masks, DNA origami is assembled on sacrificial silicon,
followed by controlled SiOx growth via chemical vapor deposition. Re-
moving the DNA exposes nanowire-like and cavity-like oxide features
that accurately reproduce the origami geometry and serve as robust
patterning masks. AFM, SEM, and FIB cross sections verify shape
transfer, growth behavior, and patterning resolution. This approach
extends DN A-assisted lithography toward clean, versatile metal archi-
tectures for geometry-sensitive applications. It also improves integra-
tion with existing fabrication by providing stable masks, reliable shape
transfer, and added flexibility in designing nanoscale features.

FM 11.37 Tue 18:00 P4
Theory-Guided Discovery of Ion-Exchanged Poly(heptazine
Imide) Photocatalysts Using First-Principles Many-Body
Perturbation Theory — eZanra Hajsianmapr and THomas D.
KtouNE — CASUS - Center for Advanced Systems Understanding,
Helmbholtz-Zentrum Dresden-Rossendorf e.V. (HZDR), Untermarkt 20,
D-02826 Gorlitz, Germany

Poly(heptazine imides) (PHI) show strong promise in photocatalysis,
but limited control over electronic properties continues to constrain
their full potential. We modulated PHI’s photocatalytic activity to
overcome this limitation by incorporating mono-, di-, and trivalent
metal cations into its framework. To elucidate the underlying mech-
anisms, we employed calculations based on many-body perturbation

theory, a highly accurate approach for electronic structure calcula-
tions that provides improved accuracy in quasiparticle energy predic-
tions compared to conventional density functional theory, particularly
for band gaps and excitonic properties. Our analysis identifies several
metal-doped PHI systems with electronic structures well suited for hy-
drogen and oxygen evolution, CO2 reduction, and HaO2 production.
Guided by these theoretical insights, we synthesized a subset of M-PHI
materials (where M is either K, Na, Li, Ca, Mg, or Zn) predicted to
enhance photocatalytic reactivity.

FM 11.38 Tue 18:00 P4
Soft X-ray Spectroscopy at the HESEB Beamline, SESAME
— oAnLAM FARHAN — SESAME, Allan, Jordan

The ID11-L Helmholtz-SESAME Soft X-ray Beamline (HESEB) rep-
resents a significant step forward in soft X-ray research infrastructure
in the Middle East. Operating in the 70-2000 eV energy range, HESEB
provides photon fluxes between 10-3404 Giga photons/s, with an en-
ergy resolution exceeding E/AE > 8000. The beamline delivers a fo-
cused spot size of 500*250um and offers tunable circular polarisation,
enabling precise investigations of the electronic and magnetic proper-
ties of a wide range of materials.

The X-ray absorption spectroscopy (XAS) end station is equipped
with a motorised manipulator, magnetic sample holders, and a differ-
ential pumping system, allowing measurements under ambient condi-
tions or in a helium atmosphere. This flexibility supports the study of
vacuum-sensitive materials, including valuable cultural heritage sam-
ples.

Recent XAS and XMCD measurements demonstrate HESEB’s ex-
cellent stability, high resolution, and precise polarisation control, es-
tablishing it as a versatile platform for soft X-ray spectroscopy and
magnetic materials research at SESAME.

FM 12: German-French Focus Session: Materials Research in Polar Oxides — From Domain
Engineering to Photonic and Electronic Devices |

chair: Simone Sanna (Justus-Liebig-Universitit Giefen, DE)

The focus session is dedicated to bridge the gap between materials research in polar oxides and re-
search fields that apply those materials, such as nonlinear and quantum optics, electronics or sensoring,
spanning experimental studies and first-principles simulations.

Time: Wednesday 9:30-13:00

Invited Talk FM 12.1 Wed 9:30 BEY/0138
Shedding Light on Polar Topological Textures — eSALIA
CHERIFI-HERTEL — CNRS and University of Strasbourg, IPCMS

The study of topological polarization textures in ferroelectric mate-
rials represents a rapidly evolving frontier in ferroic research, with
implications for solitonic information technologies and emergent phe-
nomena in correlated oxides. Complex configurations, such as non-
Ising and chiral domain walls, bubble domains, (anti)vortices, and po-
lar (anti)skyrmions, highlight the diversity of polarization states in
low-dimensional systems, where symmetry breaking, strain, and elec-
trostatic boundary conditions produce novel functionalities. While
piezoresponse force and transmission electron microscopies remain
central to nanoscale characterization, optical methods are emerging
as powerful, noninvasive alternatives. Second-harmonic generation
(SHG) microscopy, in particular, provides intrinsic sensitivity to sym-
metry and polarization orientation, enabling three-dimensional map-
ping of polar architectures. This presentation will outline recent ad-
vances in SHG polarimetry combined with machine-learning-assisted
analysis, enabling rapid, quantitative reconstruction of 3D polariza-
tion textures. This integrated approach offers a robust framework for
probing polar topologies and uncovering the intricate coupling between
structure, symmetry, and functionality in ferroic materials.

FM 12.2 Wed 10:00 BEY/0138

Origin and Evolution of Domain-Wall Conductivity in
LiNbO3 — eluLia KiseLeval, Boris KoppiTz!, MATTHIAS
Rorper!, ELkE BryrReuTHER!, SamureL Seppon!, and Lukas
Enc!2 — !Institute of Applied Physics, Technische Universitéit Dres-

den, Néthnitzer Strake 61, Dresden, 01187, Germany — 2ct.qmat:
Dresden-Wiirzburg Cluster of Excellence - EXC 2147, TU Dresden

Ferroelectric domain walls, which effectively serve as two-dimensional
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interfaces, exhibit functionalities markedly distinct from those of the
bulk, such as enhanced conductivity and strong coupling to external
fields, making them promising for nanoelectronic applications. Among
various systems, lithium niobate (LiNbO3) stands out due to its high
Curie temperature, chemical stability, and thoroughly characterized
bulk properties. Yet the microscopic origins and dynamic evolution of
domain-wall conductivity remain insufficiently understood, largely due
to limited in-situ, time-resolved characterization. Here, we combine
in-situ second-harmonic-generation (SHG) microscopy with electrical
transport measurements and complementary chemical analysis to in-
vestigate domain-wall behavior under controlled electric and mechani-
cal loading. This multimodal approach enables real-time visualization
of domain restructuring, correlation of conductivity changes with wall
inclination, and the dynamics of defects. The results aim to advance
the understanding of functional domain-wall states and the mechanism
of electrical transport in ferroelectric 2D systems.

FM 12.3 Wed 10:15 BEY/0138
Persistent photoconductivity in reduced lithium niobate
bidomain crystals — ePHIiLIPP FAHLER-MUENZER, MARIOS HAD-
JIMICHAEL, ANA SANCHEz-FUENTES, RICHARD BEANLAND, EoOIN
MovyniHAN, and MARIN ALEXE — University of Warwick, Coventry,
United Kingdom

The uniaxial ferroelectric lithium niobate (LiNbO3) can exhibit sig-
nificantly enhanced domain wall (DW) conductivity, rendering it an
interesting system for DW-based nanoelectronics. Specifically, head-
to-head (h2h) DWs exhibit conductivities several orders of magnitude
higher than that of the surrounding bulk. We create h2h DWs with a
near-90° inclination angle by using the diffusion annealing technique,
followed by chemical treatment to change the functional properties.
The characterization of the structure and morphology is conducted by
piezoresponse force microscopy and transmission electron microscopy.
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To characterize electronic transport, we use resistivity measurements
under varying temperatures in dark or under UV light illumination,
complemented by conductive atomic force microscopy. Our findings
indicate only transient conductivity at the DWs, but substantial differ-
ences in photoconductivity between monodomain and bidomain crys-
tals, with persistent photoconductivity in crystals with DWs. Further-
more, we report a drastic drop in domain wall photoconductivity upon
heating above 80°C, which can be explained by the emptying of charge
carrier traps in the DW as the system gains higher thermal energy.

FM 12.4 Wed 10:30 BEY/0138

Photocurrent-based recognition in time-series tasks us-
ing reservoir computing — eYanN-Menc CHoNG!, ATREvYA
Majumpar?, INnaviLD Hansen!, KArRIN EVERSCHOR-SITTEZ, and

Dennis Meierb2:3 — 1Department of Materials Science and Engi-

neering, Norwegian University of Science and Technology (NTNU),
Trondheim, Norway — 2Faculty of Physics and Center for Nanoin-
tegration Duisburg-Essen (CENIDE), University of Duisburg-Essen,
Duisburg, Germany — 3Research Center Future Energy Materials and
Systems, Research Alliance Ruhr, Bochum, Germany.

In reservoir computing, input data are mapped into higher dimensional
space, translating non-linear problems into linearly solvable ones. In
general, any physical system that possesses non-linearity, complexity,
short-term memory, and reproducibility can serve as reservoir. Here,
we investigate the ferroelectric semiconductor ErMnO3 as a potential
candidate material for reservoir computing. We show that the system
displays pronounced non-linear changes in photocurrent under varying
light intensity. The response can be tuned by changing the metal-
semiconductor contacts (Schottky- or Ohmic-like behavior) used for
readout, determining the timescale on which the photocurrent van-
ishes after illumination. This relaxation behavior in the OFF state
gives fading memory. We perform training on variations in the out-
put (photocurrent), which allows for recognition in time-series tasks.
Interestingly, ferroelectric domain walls can also be used as reservoirs
with characteristic photocurrent signals, giving new opportunities to
down-scale or enhance the complexity of physical reservoirs.

Coffee break
FM 12.5 Wed 11:00 BEY/0138

Properties of Charged Interfaces in Uniaxial Ferroelectrics
— eConor McCrLuskEYy, KrisTiINA HOLSGROVE, ANDREW ROGERS,
James DaLzeLL, RoNaN LyncH, RaymMoND McQuaib, TCHAVDAR
Tobporov, and MArRTY GREGG — Queen’s University Belfast, United
Kingdom

When the polarisations of neighbouring ferroelectric domains abut, a
bound charge develops at the interface. Often, these charged domain
walls show enhanced electrical conductivity, which is typically taken as
a sign that the polar divergence is fully screened by the mobile trans-
port carriers. Transport measurements, however, suggest the carrier
densities associated with domain wall conductivity lie well below that
expected for a fully screened ferroelectric bound charge. In fact, some
charged domain walls lack enhanced conductivity entirely. In these
cases, polar rotation occurs to fully avoid the development of bound
charge, leading to topological patterns in the polarisation field. Here,
we discuss the interfaces formed between thermally bonded lithium
niobate single crystals generated with intentional head-to-head char-
acter. We show that the interfaces formed uniquely host both of these
properties: enhanced conductivity, and a striking array of polarisation
vortices. Furthermore, since this interface is formed by thermal bond-
ing of two crystalline structures, there is freedom to introduce relative
lattice twists between the two parent crystals, which is unavailable at
regular domain walls within a single parent crystal. We will discuss
the interplay of strain and electrostatics at these unique interfaces in
the context of their emergent functionality.

FM 12.6 Wed 11:15 BEY/0138
Polar Discontinuities, Emergent Conductivity, and Critical
Twist-Angle-Dependent Behaviour at Wafer-Bonded Ferro-
electric Interfaces — ANDREW RoDGERs!, KrisTINA HOLSGROVE!,
CoNor McCrLusky!, SamueL Seppon?, Marry Greccl, and
eLukas M. Enc?3 — 1Centre for Quantum Materials and Technolo-
gies, School of Mathematics and Physics, Queen’s University Belfast,
UK — 2Institut fiir Angewandte Physik (IAP)- N6thnitzer Str. 61,
01187 Dresden — 3ct.qmat: Dresden-Wiirzburg Cluster of Excel-

lence*EXC 2147, TU Dresden, Germany
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Probing novel properties, arising from twisted interfaces, has tradition-
ally relied on the stacking of exfoliated 2D materials and the sponta-
neous formation of van der Waals (vdW) bonds. So far, investigations
involving intimate covalent or ionic bonds have not been a focus. Yet,
we show here that an established technique, involving thermocompres-
sional wafer bonding, works well for creating twisted non-vdW inter-
faces. We have successfully bonded z-cut lithium niobate single crystals
to create ferroelectric oxide interfaces with strong polar discontinuities
and have mapped the associated emergent interfacial conductivity. In
some instances, a dramatic change in microstructure occurs, involving
local dipolar switching. A twist-induced collapse in the capability of
the system to effectively screen interfacial bound charge is implied.
Importantly, this only occurs around specific moiré twist angles with
sparse coincident lattices and associated short-range aperiodicity. In
quasicrystals, aperiodicity is known to induce pseudo-bandgaps and
we suspect a similar phenomenon here.

FM 12.7 Wed 11:30 BEY /0138
Machine learned potential for ferroelectric heterostruc-
ture BaTiO3/SrTiO3 — eLan-TieNn Hsul, JonaTHAN ScHMIDTZ,
AaroN ITEN2?, Nicora SpaLpin?, and ANNA GRUNEBOHM!
— lInterdisciplinary Centre for Advanced Materials Simulation
(ICAMS), Faculty of Physics and Astronomy, and Center for Interface-
Dominated High Performance Materials (ZGH), Ruhr-University
Bochum, Germany — 2Department of Materials, ETH Ziirich, Ziirich,
CH-8093, Switzerland

Ferroelectric heterostructures offer a platform to realize topological
patterns with functionalities relevant to future electronic devices.[1]
While short-range machine-learned interatomic potentials can cap-
ture ferroelectric instabilities in pure materials, long-range dipole in-
teractions remain essential for heterostructures, where depolarizing
field plays a role.[2] We address this challenge by combining MACE
message-passing networks with a latent Ewald-summation schemel3]
capable of learning long-range interactions and inferring Born effec-
tive charges without explicit training on response properties. The
model predicts transition temperature and spontaneous polarization
of BaTiO3 in close agreement with experiments. It further captures
the multidomain formed in heterostructures, consistent with coarse-
grained effective-Hamiltonian results, and generalizes well to untrained
configurations, including those containing oxygen vacancies.

[1] Das et al, Nature 568, 368-372 (2019)

[2] Yu et al, Phys. Rev. B 112, 104324 (2025)

[3] Zhong et al, 10.48550/arXiv.2504.05169

FM 12.8 Wed 11:45 BEY/0138
From Stacking Faults to Field-Stabilized Polarity: Connect-
ing RP Phases and the MFP Phase in SrTiOg — e¢CHRISTIAN
Lupt!2, HarrmuT STOCKERDZ, MATTHIAS ZscHORNAKYZ3 and
Dirk C. MeEYERD2 — 1TU Bergakademie Freiberg, 09599 Freiberg,
Germany — 2Zentrum fiir Effiziente Hochtemperatur-Stoffwandlung,
09599 Freiberg, Germany — 3Hochschule fiir Technik und Wirtschaft
Dresden, 01069 Dresden, Germany

Polar functionalities in perovskites often arise from a subtle interplay
between lattice distortions, defect chemistry, and stacking faults. In
this work, particular attention is given to the migration-induced field-
stabilized polar (MFP) phase in SrTiOgz, a recently identified polar
state that arises from field-driven oxygen mobility and picometer-scale
cation displacements. To provide a structural framework for under-
standing and enhancing this phenomenon, the electronic properties of
Ruddlesden-Popper-type (RP) stacking faults in SrO(SrTiO3),, are an-
alyzed using density functional theory. These faults introduce symme-
try breaking, modified lattice environments and characteristic changes
in the electronic structure that closely resemble the local conditions re-
quired to form the MFP phase. By combining insights from RP-layered
configurations with the field- and defect-driven mechanisms underlying
MFP formation, a unified perspective emerges in which stacking faults
act as natural templates that support, amplify, or localize MFP-like
polar distortions. This connection highlights new pathways for engi-
neering polar responses and optoelectronic functionalities in complex
perovskite oxides.

Coffee Break
FM 12.9 Wed 12:15 BEY/0138

Integration of imprint-free and low coercivity ferroelectric
BaTiOs thin films on silicon — JINGTIAN ZHAOD2, MaJID

Anmapib?2, Beatriz Nonepal2, and eMarrin F. Sarort!:?
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1Zernike Institute for Advanced Materials, University of Groningen,
The Netherlands — 2Groningen Cognitive Systems and Materials Cen-
ter (CogniGron), University of Groningen, The Netherlands

Highly-crystalline ferroelectric oxides integrated on Si hold great
promise for energy-efficient memory and logic technologies. Exploit-
ing epitaxial strain engineering in these materials is, however, severely
hampered on Si, where the large structural mismatch often results in
an inferior interfacial quality and causes a degradation of the ferro-
electric switching characteristics. In this work, we present the growth
of single-crystalline BaTiOgz thin films on Si, exhibiting imprint-free
switching, low coercivity, high remanent polarization, and no fatigue
for over 1010 switching cycles. We accomplish this via the insertion
of a SrSnjxTixO3 layer on SrTiOs-buffered Si. This layer serves as
a pseudo substrate that alleviates the thermal strain that the Si sub-
strates imposes on the BaTiO3 layer, while simultaneously providing
moderate compressive strain that stabilizes a pure out-of-plane polar-
ization. Thus, our work paves the way toward the fabrication of Si-
compatible, low-power-consuming ferroelectric devices for non-volatile
memory applications.

FM 12.10 Wed 12:30 BEY/0138
Polarity and polarons in WO3 through epitaxial shear strain
— eEwouUT VAN DER VEER!, MARTIN SAROTT!*2, JACK ECKSTEIN3:S,
STiN FERINGA!, DENNIS VAN DER VEEN!, JOHANNA vAN CGENT
GonzAiLez!, Maiyip Aumapi'?, Horario Cox!'2, ELLEN Kiens?,
GerTiaN KosTer?, BART Koo1!2, MicHAEL CARPENTER®, EXKHARD
SaLie?, and BeEaTriz Nomepal2 — 1ZIAM, Uni. of Groningen,
Netherlands (E. vd V. now: Fac. of Phys., UDE, Duisburg, Germany
and RC FEMS, Bochum, Germany) — 2CogniGron, Uni. of Gronin-
gen, Netherlands — 3Dept. of Earth Sci., Uni. of Cambridge, UK
— 4MESA + Inst., Uni. of Twente, Netherlands — 5Center for Nano.

Mater. Sci., ORNL, USA

Tungsten oxides have been investigated for gas sensing, catalytic and
electrochromic capabilities. Epitaxial thin films of WO3 on (110)-

oriented YAlO3 even exhibit piezoelectricity and conductivity at mon-
oclinic twin walls due to local strain gradients. We grew epitaxial
films of WO3 on (001)YAIO3 by pulsed laser deposition and reveal a
previously unreported polar phase by imposing epitaxial shear strain,
stabilizing a triclinic structure up to large film thicknesses and elevated
temperatures. The films have periodic in-plane domains with needle
bifurcations and enhanced conductivity at domain walls. STEM shows
that these walls exhibit a reduction of a structural distortion, evidence
for recently predicted anti-distortive polarons. Our films are struc-
turally and functionally different from known bulk phases and previous
epitaxial films due to subtle epitaxial interactions. They are candidates
for oxide electronics, neuromorphic computing and catalysis.

FM 12.11 Wed 12:45 BEY/0138

Inducing Strain Gradients in Transition Metal Oxides us-
ing Ferroelastic Domain Patterns — eFrREvA WaTson!, ApITya
SingH', KATARZYNA SopPINSKA!, DANIEL CHANEYZ, MARIN ALEXE!,
and Marios HapsimicHAEL! — University of Warwick, Coventry,
United Kingdom — 2ESRF, avenue des Martyrs, 38043 Grenoble

Cedex 9, France

Strain engineering is a powerful tool for accessing new and versatile
properties of materials. The use of ferroelectric domain patterns in-
stead of conventional substrates further allows for the modification of
the properties of these materials using electric fields. PbTiOs3 is a fer-
roelectric and ferroelastic perovskite which forms a periodic in-plane
and out-of-plane domain structure when deposited on (110)-DyScO3s
substrates, caused by lattice mismatch. In this work, we explore in-
ducing strain gradients in metallic perovskite thin films grown on this
PbTiO3 domain structure. Using this approach we are able to effec-
tively couple strain between heterostructure interfaces and produce
large anisotropy in electronic transport and material properties, which
are found to be tuneable by altering PbTiO3 layer thickness, and thus
domain period. The effects of this strain engineering are demonstrated
by scanning probe techniques, microscopy imaging and 4-probe resis-
tivity measurements.

FM 13: Topical Session: Dislocations in Functional Materials | (joint session MM /FM)

Time: Wednesday 10:15-11:30

FM 13.1 Wed 10:15 SCH/A251
Mechanical seeding of dislocations for room-temperature
plasticity in ceramics — eWErNjUN Lu', Jiawen Znanc!, and
Xurel FANG? — !Department of Mechanical and Energy Engineer-
ing, Southern University of Science and Technology, Shenzhen, 518055,
China — 2Institute for Applied Materials, Karlsruhe Institute of Tech-
nology, Karlsruhe,76131, Germany

The pursuit of room-temperature ductile ceramics has long been hin-
dered by their inherent brittleness. Here, we demonstrate a simple
strategy to seed mobile dislocations at room temperature with densities
up to 1014 m-2, enabling ceramics to sustain plastic compressive strains
exceeding 30%. These dislocations multiply through cross-slip and mo-
tion, effectively suppressing brittle fracture without high-temperature
processing. Using in situ nano-/micromechanical deformation and ex
situ bulk tests, we bridge the length scales of plasticity and reveal
a strong dependence of yield strength and flow behavior on disloca-
tion density. Specifically, SrTiO3 micropillars transition from brittle
fracture (dislocation-free) to plastic yield when mechanically seeded
dislocations are present. Yield strength first decreases then rises with
increasing dislocation density, reflecting complex structural evolution
observed via transmission electron microscopy. These findings high-
light dislocation engineering as a viable pathway toward ductile ce-
ramics and open avenues for tuning their mechanical and functional
properties through room-temperature dislocation plasticity.
Contribution: Wenjun Lu is the Speaker.

FM 13.2 Wed 10:30 SCH/A251
Impact of mechanically seeded dislocations on the mechani-
cal properties of perovskite ceramics — ¢JIAWEN ZHANG!, XUFEI
Fanc?, and WENJuN Lu! — !Southern University of Science and
Technology, Shenzhen, China — 2Karlsruhe Institute of Technology,
Karlsruhe, Germany

The inherent brittleness of functional ceramics severely hinders their
engineering application. The strong ionic and covalent bonds in ceram-
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ics make dislocation nucleation, motion, and multiplication difficult at
room temperature. Recent research challenges the conventional per-
ception of ceramics as inherently brittle materials, with dislocations
emerging as a promising avenue for enhancing their mechanical prop-
erties. By using a Brinell ball indenter to perform surface scratching,
crack-free plastic deformation zones with tunable dislocation density
can be generated on the ceramic surface. The dislocation genera-
tion mechanism and dislocation-dominated plastic deformation mech-
anism were investigated by introducing dislocations into perovskite
SrTiO3 and KTaO3. Room temperature micropillar compression tests
then revealed that as the mechanical seeded dislocation density in-
creased,SrTiO3 exhibited a *brittle* to *ductile* transition as the dis-
location density increased from 71010 m-2 to 71014 m-2. However,
the (001) KTaO3 single crystal exhibits a *brittle* to *ductile* then
to *brittle* transition as the dislocation density increased from ~1010
m-2 to ~1015 m-2. Additionally, the yield strength displayed a complex
trend, initially decreasing and then increasing in these two perovskite
oxide ceramics.

FM 13.3 Wed 10:45 SCH/A251
Dislocation interaction with a tilt low angle grain boundary
in bi-crystal SrTiO3 — eKuan Dinel2, ATsuromo NAKAMURAS,
Patrick CorbpiER®?, and Xurel Fang36 — 1Department of Ma-
terials and Earth Sciences, Technical University of Darmstadt, 64287
Darmstadt, Germany — 2Max Planck Institute for Sustainable Materi-
als, Max-Planck-Strafie 1, 40237 Diisseldorf, Germany — 3Department
of Mechanical Science and Bioengineering, Osaka University, 1-3
Machikaneyama-chou, Toyonaka, Osaka, 560-8531, Japan — *Unité
Matériaux et Transformations, Université de Lille, 59655 Villeneuve
d’Ascq Cedex, France — SInstitut universitaire de France (IUF), 75005
Paris, France — SInstitute for Applied Materials, Karlsruhe Institute
of Technology, Kaiserstr. 12, 76131 Karlsruhe, Germany

For applications of ceramics with dislocation-tuned mechanical and

functional properties, it is pertinent to achieve dislocation engineering
in polycrystalline ceramics. However, grain boundaries (GBs) are effec-
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tive barriers for dislocation glide at room temperature. It is critical to
understand the fundamental processes for dislocation-GB interaction.
We investigated a bi-crystal SrTiO3 with a 4° tilt GB. Brinell inden-
tation was used to generate a plastic zone at the mesoscale without
cracking, allowing for direct assessment of GB-dislocation interaction.
Together with dislocation etch pits imaging and transmission electron
microscopy analysis, we observe dislocation pileup, storage, and trans-
mission across the LAGB. Our observations reveal new insights into
dislocation-GB interaction at room temperature at mesoscale.

FM 13.4 Wed 11:00 SCH/A251
Dislocation-Mediated Extraordinary Room-Temperature
Plasticity in Inorganic Semiconductors — eXiaocur Li! and
Yanc Lu? — !Department of Materials Science and Engineering,
City University of Hong Kong, Kowloon, Hong Kong SAR, China
— 2Department of Mechanical Engineering, The University of Hong
Kong, Pokfulam, Hong Kong SAR, China

Inorganic semiconductors, with their ionic or covalent bonds, are typ-
ically brittle at room temperature, restricting their use in flexible
electronics. Our recent study reveals that all-inorganic perovskite
(CsPbX3, X=Cl, Br, I) single-crystal micropillars can achieve ex-
traordinary room-temperature plasticity with average plastic strain
of 764% (Nat. Mater. 2023, 22, 1175). They can be morphed into
distinct geometries without cracks or cleavage. The deformation is
mediated by partial dislocations on {011}<0-11> slip system, fea-
turing four equivalent variants that address the lack of deformation
pathways in ionic crystals. Sequential activation of variants prevents
strain hardening and crack formation caused by dislocation reactions.
First-principles calculations attribute this plasticity to low slip barri-
ers enabling sustained deformability and strong Pb-X bonds preserving
crystal integrity. Leveraging this deformability, we developed shape-
customizable optoelectronic devices that maintain stable functional

properties and bandgap energies post-deformation. This discovery
overturns the notion of brittleness in inorganic semiconductors, and
provides a foundation for advanced applications in flexible electronics
and deformable sensors.

FM 13.5 Wed 11:15 SCH/A251
Dislocations as Key Enablers on the Road to Functional and
Resilient Oxide Ceramics — eOLIVER PrEUss!, ENRiIco BRUDERZ,
ZuancaTao L3, Yinan Cur®, Jinxue Ding!, PuiLippe CARREZ?, and
Xurel Fang! — lInstitute for Applied Materials, Karlsruhe Institute
of Technology, Karlsruhe, Germany — 2Division Physical Metallurgy,
Department of Materials and Earth Sciences, Technical University of
Darmstadt, Darmstadt, Germany — 3Department of Engineering Me-
chanics, Tsinghua University, PR China — “Materials and Transfor-
mations Unit, Université Lille, Lille, France

Designing oxide ceramics that unite high mechanical resilience with
strong functional performance is challenging. We show that introduc-
ing ultra-high dislocation densities (=10 m=2) into materials such as
MgO and SrTiO3 provides a direct route to enhance both damage tol-
erance and functional properties. Cyclic Brinell ball scratching at room
temperature generates near-surface, dislocation-rich zones of arbitrary
size and shape. These regions markedly alter fracture behaviour, ar-
resting propagating cracks and suppressing crack initiation, as demon-
strated by Vickers indentation and quasi-in situ DCDC tests. Crystal-
plasticity phase-field simulations reproduce the observed toughening
mechanism. The dislocation networks also improve transport proper-
ties, increasing electrical conductivity while reducing thermal conduc-
tivity by nearly half: an advantageous combination for thermoelectric
performance. This work establishes a practical strategy for disloca-
tion engineering to achieve oxide ceramics with combined mechanical
robustness and enhanced functionality.

FM 14: Focus Session: Materials Research in Polar Oxides — From Domain Engineering to
Photonic and Electronic Devices Il

chair: Conor McCluskey (Queen’s University Belfast, UK)

The focus session is dedicated to bridge the gap between materials research in polar oxides and re-
search fields that apply those materials, such as nonlinear and quantum optics, electronics or sensoring,
spanning experimental studies and first-principles simulations.

Time: Wednesday 15:00-16:00

FM 14.1 Wed 15:00 BEY/0138
Probing ferroelastic domain properties of lanthanum alumi-
nate via spontaneous Raman scattering — eRoBIN BuscHBECK!,
SusanNE C. Kenr!, Lukas M. Enc!2, and SamueL D. SeEppon?!
— 1TU Dresden, Institute of Applied Physics, Néthnitzer Strasse 61,
01187 Dresden, Germany — 2ct.qmat: Dresden-Wiirzburg Cluster of

Excellence EXC 2147, TU Dresden, 01062 Dresden, Germany

Lanthanum aluminate (LaAlOg, LAO) is a rhombohedrally distorted
oxide perovskite, exhibiting ferroelastic twinning at room temperature.
Frequently employed as a thin film substrate [1], it is often overlooked
[2] for being optically uniaxial and thus birefringent. The effect of the
ferroelastic twins sees an in-plane rotation of this optical axis, with
regions of opposing optical axes coexisting (delineated by twin walls).

Here, we present a detailed experimental analysis of LAO(100) using
spontaneous Raman scattering (SR). SR is a widely employed tech-
nique for obtaining spectral information from a broad range of ma-
terials [3]. Using SR, we demonstrate several spatially resolved non-
trivial, three-dimensional intrinsic properties of LAO. Special attention
is given to the different LAO(100) domains and their behaviour under
various SR measurement conditions, including polarization-dependent
and spatially resolved in-plane or depth-dependent measurements.

[1] R. W. Simon et al., Springer, Boston, MA (1989)

[2] S. Kustov, et al., Applied Physics Letters 112, 042902 (2018)

[3] A. Orlando et al., Chemosensors 9, 262 (2021)

FM 14.2 Wed 15:15 BEY/0138
Strain Driven Ferroelastic Switching and Barkhausen Type
Behavior in LaAlO3 — eVrLaADYsLAV KovTuNOvYCH, MATTHIAS
RoEePER, Lukas M. Eng, and SAMUEL D. SEDDON — Institut fiir
Angewandte Physik (IAP)- Nothnitzer Str. 61, 01187 Dresden
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Lanthanum aluminate (LaAlO3; LAO) is an oxide perovskite widely
used in nano-electronics, and frequently employed as a thin-film sub-
strate therein due to its convienient lattice match to many multiferroic
and/or ferroelectric materials. Although oftentimes overlooked, LAO
is an improper ferroelastic, posessing crystallographic domains delin-
eated by twin walls, responding to the global application to strain akin
to ferromagnetic or ferroelectric materials to magnetic or electric fields
respectively. This study focuses on twin wall motion, which was in-
duced and recorded using a commercial Razorbill strain cell with a
high-resolution capacitive sensor. Measurements of LaAlOg under in-
creasing uniaxial compression, revealed the expected jerky domain wall
motion indicative of Barkhausen noise, the stochastic stepped reorder-
ing of local ordering parameters common among all ferroic materials.
This scale invariant physics acts as a power law governing all length
scales, from avalanches on mountains down to the nanoscale. Comple-
mentary XRD measurements of the expected Bragg peak splitting are
correlated with polarised light microscopy imaging all as a function of
lattice strain, to observe this effect in a whole new light.

FM 14.3 Wed 15:30 BEY /0138
Single crystal growth of stoichiometric lithium tantalate —
®SEBASTIAN INCKEMANN, ROBERTS BLUKIS, ANGELIQUE HOFFMANN,
MAaTTHIAS BICKERMANN, and STEFFEN GANScHOW — Leibniz-Institut
fir Kristallziichtung, Max-Born-Strafie 2, 12489 Berlin, Germany

A material isomorphous to the intensively investigated lithium nio-
bate (LiNbO3, LN) that has the same inherent non-stoichiometry is
lithium tantalate (LiTaO3, LT). Despite similar characteristics to LN,
the properties of LT are significantly less studied, even though there
are notable differences that favor the use of LT in certain applications.
Of special interest is the investigation of stoichiometric LT (sLT) com-
pared to congruent LT (cLT), as the lithium deficiency in cLT causes
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a high concentration of defects (Kim et al., 2001). Literature describes
multiple methods to achieve stoichiometric LN single crystals, exem-
plary via the double crucible method. However, the growth method
reporting a crystal composition closest to the stoichiometric ratio is the
growth via the flux method (Polgar et al., 2002). Due to the similari-
ties between LN and LT an analogous approach is the most promising,
with the use of K2O as a solvent showing the best results in the case
of LN (Polgéar et al., 1997). To ensure an efficient single crystal growth
in this system, knowledge about the LioO-KoO-Ta20Os5 phase diagram
is vital (Miihlberg et al., 2008). As there is no literature regarding this
phase diagram, this presentation will present our current progress by
combining DTA, PXRD and SEM measurements. Furthermore, results
regarding the single crystal sLT growth attempts will be presented.

FM 14.4 Wed 15:45 BEY/0138
Poling and acoustic characterization of near-stoichiometric
Li(Nb,Ta)O3 crystals — eEva Ticay-RAcs!, STEpAN HURSKYY?,
STEFFEN Ganscnow?, Fatima EL Azzouzi', HoLGer FriTze!, and
Yurl Sunak! 1Clausthal University of Technology, Goslar, Ger-

many — 2Leibniz Institut fiir Kristallziichtung, Berlin, German;
y g, > Yy

FM 15: Nanoscale Probing

Li(Nb,Ta)Os solid solutions bridge the high Curie temperature of
LiNbO3 and the thermal stability of LiTaOgs, while maintaining a
strong piezoelectric performance, making them attractive for high-
temperature sensing and actuation. The intrinsic properties of
LiNbOs3, LiTaO3 and, consequently, their Li(Nb,Ta)Ogs solid solu-
tions are well known to be highly sensitive to lithium stoichiome-
try. In the present work the acoustic properties of near-stoichiometric
LiNbi.xTaxO3 (x=0; 0.45; 1) single crystals are investigated as a func-
tion of temperature and time by resonant piezoelectric spectroscopy.
The near-stoichiometric compositions were obtained by the vapor
transport equilibration (VTE). Subsequently, the samples were elec-
trically poled to ensure a single-domain state. The study shows that
acoustic losses in nsLT remain in the range of 10%-10"3 up to 620 °C,
i.e., within the ferroelectric phase, and increase monotonically with
temperature, though only weakly, with an activation energy of about
0.05 eV. In contrast, nsLN and nsLNT45 exhibit a pronounced loss in-
crease above 600 °C, attributed to the conductivity-related relaxation
mechanism. Under constant operation at 600 °C for 350 h, all samples
demonstrate excellent long-term stability, with resonance frequency
deviations not exceeding £+ 100 ppm of the initial value.

of Functional Properties

chair: Jiali He (Norwegian University of Science and Technology, Norway)

Time: Wednesday 15:00-15:45

FM 15.1 Wed 15:00 BEY/0E40
Nanoscale Phonon Dynamics Studied In-Situ by Laser
Stimulated Vibrational Electron Energy-Gain Spectroscopy
— eMaIrl McCauLey!?, JoeL MaRrtis3, ONDREJ] KRIVANEKS,
BeEn ProTkin-Swing?, Torca WacenNerb2, HoseyiN CELIK?,
Gricory KorniLov!, Karrina Coocan’?, MeNG Zuaol2, AN-
DREAS MITTELBERGER?, MAaTTHIAS MEFFERT?, Luca Piazza®,
Tracy Loveiovy®, GuiLLauME RADTKE®, CuRrisTOPH Kocu!2, and
BeNEDIKT Haas!2 — I Department of Physics, Humboldt-Universitt
zu Berlin, Berlin, Germany — 2Center for the Science of Materials
Berlin, Humboldt-Universitit zu Berlin, Berlin, Germany — 3Bruker
AXS LLC, Kirkland, WA, USA — “4Institute for Physics and Astron-
omy, Technische Universitat Berlin, Berlin, Germany — °DECTRIS
AG, Baden-Daettwil, Switzerland — %Sorbonne Université, CNRS
UMR 7590, MNHN, IMPMC, Paris, France

Advances in instrumentation allow to directly probe phonon disper-
sions at the nanoscale using electron energy gain and loss spectroscopy
(EEGS/EELS) within a scanning transmission electron microscope
(STEM). By integrating a laser injection system, we enable the inves-
tigation of stimulated phonons at the spatial resolution determined by
the electron beam. A synchronised laser-detector configuration enables
nanosecond-scale time-resolved measurements. The thermal conduc-
tivity of amorphous carbon and silicon nitride was investigated by local
time-resolved temperature measurements and is compared to numer-
ical simulations. Ongoing work applies the system to study phonon
transport through defects and interfaces at atomic resolution.

FM 15.2 Wed 15:15 BEY/0E40
Photoluminescence Spectroscopy of Platinum (II) and Pal-
ladium (II) Dimers in Organic Molecular Single Crystals
Under Pressure — PauL STEEGER!, ToBias THEIss?, DoMINIK
ScuwaB?, IvAN MAISULS?, ®VEDHANTH SENTHIAPPAN VELLAIAP-
PAN UTHAYASURIAN!, ROBERT ScumipT!, Itya KupENko?, CARMEN
SANCHEZ VALLE?, STEFFEN MICHAELIS DE VASCONCELLOs!, Nikos L.
Dovursinis®, CRISTIAN A. STRASSERT?, and RUDOLF BraTscHITSCH!
— Mnstitute of Physics, University of Miinster — 2Institut fiir Anor-
ganische und Analytische Chemie, University of Miinster — 2Institute
of Solid State Theory, University of Miinster — “Institute of Mineral-
ogy, University of Miinster

Cyclometalated transition-metal complexes are promising for applica-
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tions ranging from bioimaging to light-emitting diodes. We investigate
two tailored biscyclometalated Pd(II) and Pt(II) complexes, which fea-
ture ligands that promote head-to-tail dimer formation to enable inter-
actions between their metal centers [1]. We prepare molecular single
crystals and apply hydrostatic pressure with a diamond anvil cell in
the GPa range [2]. The photoluminescence shows a prominent red-
shift under pressure. Density functional theory calculations link this
effect to a reduced metal-metal distance. Importantly, the observed
mechanochromism is reversible, which holds the promise for pressure
sensing and optical storage applications. References: [1] T. Theiss et
al.,, J. Am. Chem. Soc. 145, 3937 (2023), [2] P. Steeger et al., Nano
Lett. 25, 2628 (2025)

FM 15.3 Wed 15:30 BEY/0E40
A novel Approach to parametrize a ferroelectric Phase-Field
Model from atomistic Simulation Data — eFraANK WENDLER',
DiLsHop Durpiev?, XursiaN WanG!, Hikaru Azuma3, TAKAHIRO
Tsuzuki®, TomoHIRO Ocawa3, Ryo KoBAYASHI®, MASAYUKI
Uracanase?, Suuir Ocata®, and MicHAEL Zarser! — llnstitute
of Materials Simulation, FAU Erlangen-Niirnberg, Dr.-Mack-Str. 77,
90762 Fiirth, Germany — 2Division Mechanics of Functional Materi-
als, TU Darmstadt, Germany — 3Physical Science and Engineering
Department, Nagoya Institute of Technology, Japan — *RIKEN Cen-
ter for Biosystems Dynamics Research, Japan

Based on molecular dynamics simulations using a core-shell potential
for polarization switching in ferroelectric BaTiO3 (BTO) with and
without vacancy defects, a parametrization framework for phase-field
simulations is established. Crucial material properties such as elastic
and piezoelectric tensor components, kinetic coefficients, as well as do-
main wall characteristics are extracted from the MD results to adjust
the anisotropic gradient energy. The 6th order Landau polynomial co-
efficients are derived from statistical analysis of polarization switching
data, including the activation parameters for BTO that govern do-
main nucleation. The proposed energy landscape favours polarization
switching in two subsequent 90° steps over 180° switching, which was
observed experimentally and in recent MD simulations. The method
is important for phase-field simulations of domain nucleation and do-
main wall motion in presence of point defects carrying mono- or dipolar
electric fields as well as elastic strain fields.



Dresden 2026 — FM

Wednesday

FM 16: Topical Session: Dislocations in Functional Materials Il (joint session MM /FM)

Time: Wednesday 15:45-17:15

Topical Talk FM 16.1 Wed 15:45 SCH/A251
Dislocations in perovskite oxides: similarities and differences
— oPI1ERRE HIREL — Univ. Lille, CNRS, INRAE, Centrale Lille,
UMR 8207 - UMET - Unité Matériaux et Transformations, F-59000
Lille, France

The experimental discovery of room-temperature ductility in stron-
tium titanate SrTiOgz in 2001, has revealed the surprising mobility of
dislocations in (110){110} slip systems. Atomic-scale simulations have
contributed to resolving the core structure of these dislocations, and
their role in the ductile-brittle transition. Since then, similar ductile
behaviour was found in related perovskite oxides KNbO3 and KTaOs.
However, other perovskites like BaTiO3 or CaSiO3 remain essentially
brittle at room temperature, despite having the same crystal lattice
and similar chemical compositions as ductile perovskites.

FM 16.2 Wed 16:15 SCH/A251
Probing the Known Unknown of the Dislocation Dynamics
in Oxides and Semiconductors — eLiMING X1oNG — NC State
University, Raleigh, NC, USA

Dislocation dynamics in oxides and semiconductors are widely aware,
but its exact nature and impact on the properties and functionality of
these materials are not fully understood yet. One reason is that the
well-established knowledge for dislocation dynamics in metals often
can’t fully explain or even fail when used for oxides and semiconduc-
tors. To fill this knowledge gap, here we will present a concurrent
atomistic-continuum computational tool for probing the dislocation
dynamics in oxides and semiconductors. This tool has a unique fea-
ture to accommodate the motion/multiplication of pm-long disloca-
tions together with the atomic-scale core structure evolution along the
dislocation within all within one single model. Taking dislocation-
seeded SrTiO3 and ZnS as sample materials, we will: (i) map the core
structure/stress along a dislocation line to its local charge states and
motion mechanism; (ii) measure the dislocation mobility and its de-
pendence on stress, temperature, dopant concentration, charge states,
electrical field, light illumination, and dislocation line lengths ranging
from nanometers to micrometers; (iii) predict how local internal stress
builds up when a mesoscale dislocation slip interacts with an atom-
ically structured grain boundaries, and how such a high local stress
may initiate a crack in turn. A consolidation of such simulation data
into constitutive rules needed by higher-scale models for interpreting
experimental observations will be also discussed.

FM 16.3 Wed 16:30 SCH/A251
Electric Field Effects on Dislocation Motion in SrTiO3 via
Mesoscale Indentation — e ALEXANDER FRrisca!, DANIEL Isa1a2,
OLiverR Prruss?, and Xurer Fang! — llnstitute for Applied Ma-
terials, Karlsruhe Institute of Technology, Karlsruhe, Germany —
2Department of Materials and Earth Sciences, Technical University

of Darmstadt, Darmstadt, Germany

Dislocations in perovskite oxides have the potential of tuning func-
tional properties of electroceramics, however their behavior and sta-
bility under externally applied electric fields remain elusive. There-
fore, we investigated the effect of high densities of dislocations onto
the dielectric breakdown behavior of SrTiO3, a model perovskite ma-
terial. Lower dielectric breakdown strengths were found in the high-
dislocation-density samples, engineered through the Brinell scratching
method. Further, the effect of a 2 kV/mm electric field on the in-
troduction and mobility of dislocations in SrTiO3 was investigated.
While no changes to the dislocation plastic zone size, depth, or dis-
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location distribution were observed, the results suggest the stability
of pre-engineered dislocation structures in perovskite oxides under ap-
plied electric fields. These results will be interpreted in the context of
the dislocation charge state, associated electric field forces, and defect-
modified electrical/thermal conductivity.

FM 164 Wed 16:45 SCH/A251

Generating a “ferroelectric metal” by preferential reduc-
tion of dislocations in BaTiO3 — eCHRISTIAN RODENBUCHER!,
GusTtav BiHLMAYERZ, CARSTEN Korre!, and KrisTor Szot3 —
I Forschungszentrum Jiilich GmbH, Institute of Energy Technolo-
gies (IET-4), 52425 Jiilich, Germany — 2Forschungszentrum Jiilich
GmbH, Peter Griinberg Institut (PGI-1), 52425 Jiilich, Germany —

3University of Silesia, Institute of Physics, 41-500 Chorzéw, Poland

Redox processes in transition metal oxides are of high relevance for
sensors, information technology, superconductivity, and energy con-
version. Perovskites with mixed ionic-electronic conductivity, such
as BaTiOs, are of particular interest because oxygen nonstoichiom-
etry controls electronic charge carriers and thus conductivity. Sur-
prisingly, thermal reduction in vacuum can induce metallic behaviour
with conductivities far exceeding predictions from point-defect chem-
istry. To clarify the origin of this metallic state, we investigate the
electronic transport, electronic structure, and chemical composition of
BaTiO3 single crystals during annealing and cooling under ultrahigh
vacuum. Surface-sensitive techniques such as XPS and LC-AFM allow
us to correlate electronic structure changes with the insulator-to-metal
transition. We find that surface-layer dislocations act as preferential
reduction sites, forming conducting filaments that yield macroscopic
metallic behaviour despite minimal overall oxygen loss. Metallic be-
haviour persists into the ferroelectric phase. Nanoscale mapping shows
that metallic filaments and piezoelectrically active regions coexist thus
explaining how a “ferroelectric metal” can exist.

FM 16.5 Wed 17:00 SCH/A251
Dislocation dynamics in Ni-based superalloys: atomistic sim-
ulations and uncertainty quantification — eGERALDINE ANIS,
Tuomas Hupson, and PETER BROMMER — University of Warwick,
Coventry CV4 7TAL, UK

Ni-based superalloys exhibit extraordinary strength at high tempera-
tures. This strengthening effect is largely attributed to precipitation
strengthening, where dislocations are hindered by precipitates present
in their microstructure. In our work, we model dislocation trajectories
obtained from Molecular Dynamics (MD) simulations of Ni-NigAl. A
reduced model was developed to describe dislocation-interface interac-
tions within this system, which captures important features of the MD
dislocation trajectories. The developed model was tested on a repre-
sentative system and was shown to capture a range of qualitatively dif-
ferent dislocation behaviour. The model parameter distributions were
then determined using Differential Evolution Monte Carlo (DE-MC)
sampling and a Gaussian process surrogate model. The present ap-
proach offers a means of identifying atomistic-scale parameters, which
can be used to inform larger length scale simulations of dislocations.
Determining parameter distributions using DE-MC means that pa-
rameter uncertainties can be propagated through a hierarchy of mul-
tiscale models. We illustrate how such uncertainty propagation can
be achieved by considering a dislocation mobility law with quantified
uncertainties in pure Ni. This work is part of a wider study aiming to
model the deformation behaviour of Ni-based superalloys with a focus
on quantifying and propagating uncertainties.
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FM 17: Highlighted Talk: Piled higher, probed deeper: X-ray insights into ferroelectric devices
(Martina Miiller)

Chair: Anna Grithnebohm (Ruhr-Universitiat Bochum), Jan Schultheift (NTNU Trondheim)

Time: Thursday 9:30-10:00

Invited Talk FM 17.1 Thu 9:30 BEY/0138
Piled higher, probed deeper: X-ray insights into ferroelectric
devices — eMARTINA MULLER — Fachbereich Physik, Universitét
Konstanz

In ferroelectrics, the nothing is mighty: The key to shaping the fer-
roelectric functionalities of oxide/nitride materials and devices lies in
the tunability of their oxygen/nitrogen sublattice, particularly their
defect structure. While dopants and vacancies are a key aspect of
emerging ferroelectricity in HfOo and AlScN, their detection is much
more subtle than that of atomic properties. This is because the exper-
imental observation of e.g. oxygen vacancies means the detection of
something absent. This requires access to indirect signatures, which

Location: BEY /0138

often are of very low intensity and located within a device structure -
a combination of experimental conditions that are challenging to meet
in practice.

This talk presents recent advances in the expertise required to de-
tect defects and dopants related ferroelectric functionality in HfO2 and
AlScN using synchrotron radiation. Bulk-sensitive hard X-ray photo-
electron spectroscopy (HAXPES) enables the non-destructive depth
profiling of heterostructures, revealing spectroscopic fingerprints also
in subtle core-level signatures. Performing HAXPES ’in operando’ is a
powerful tool for determining the band alignment and chemical state
of interfaces under operating conditions of real-world ferroelectric de-
vices.

FM 18: German-French Focus Session: (Anti)ferroic states — ferroelectrics, ferroelastics and
antiferroelectrics 1l

chair: Elzbieta Gradauskaite (CNRS/Thales, FR)

This focus session explores recent advances in understanding and control of (anti)ferroic states. Empha-
sis will be placed on theoretical modelling, advanced characterization techniques, and the engineering
of emergent properties for use in nano-electronic devices. The session aims to bridge fundamental re-
search with emerging device-relevant functionalities, bringing together experimental, and theoretical

perspectives on ferroic materials.

Time: Thursday 10:15-12:45

Invited Talk FM 18.1 Thu 10:15 BEY/0138
Stabilizing antiferroelectricity in PbZrO3 thin films using epi-
taxial tensile strain — eVINCENT GARciaA — Laboratoire Albert
Fert, CNRS, Thales, Univ. Paris-Saclay, France

The antiferroelectric nature of lead zirconate, the historical and
most studied antiferroelectric material, has recently been challenged.
Progress in atomic-level characterization using aberration-corrected
scanning transmission electron microscopy (STEM) has revealed the
complex nature of polar textures in PbZrO3. In single crystals, fer-
rielectric phases have been detected, while in PbZrO3 epitaxial films,
thickness reduction engenders competition among antiferroelectric, fer-
rielectric and ferroelectric phases. All studies so far on PbZrO3 films
have utilized commercially-available oxide single crystals with large
compressive lattice mismatch, causing the films to undergo strain re-
laxation within a few nanometres. Interestingly, first principles calcu-
lations have predicted that tensile strain can stabilize antiferroelectric-
ity down to the nanometre scale. Here we use tensile strain imposed
by artificial substrates of LaLuO3 to stabilize a pure antiferroelectric
phase in epitaxial ultrathin films of PbZrO3. Sharp double hysteresis
loops of polarization vs electric field in these PbZrO3-based capacitors
show zero remanent polarization, and atomic scale mapping of polar
displacements using STEM reveals the characteristic antipolar pattern
of the Pbam phase in film thicknesses down to 9 nanometres. These re-
sults highlight the critical role of coherent epitaxial strain in the phase
stability of PbZrO3.

Invited Talk FM 18.2 Thu 10:45 BEY/0138
Strain effects in free-standing membranes of antiferroelectric
Lead Zirconate — eUMAIR SAEED!2, HuazHANG ZHANG34, DAVID
PEsQuERA!, PuiLipPE GHOosEz?, Nint Pryps®, JosE Santiso!, FE-
L1P SANDIUMENGE®, and Gustau CataLan®’? — 1ICN2, Catalonia —
2UAB, Spain — 3ULiége, Belgium — 4WUT, China — °DTU, Den-
mark — SICMAB, Catalonia — “ICREA, Catalonia
Antiferroelectrics like PbZrO3 (PZO) exhibit reversible switching be-
tween antiferroelectric and ferroelectric phases. However, complex en-
ergy landscape of PZO and few lattice matching substrates render
strain engineering challenging. In this context, free-standing mem-
branes provide a unique opportunity for strain tuning due to their
flexibility.

We studied PZO membrane capacitors under homogeneous in-plane
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strain applied via bending, observing that the hysteresis decreases un-
der in-plane compression and increases under tension. The results
suggest that the changes in the switching behavior originate from the
modification of energy barriers between the phases under the influence
of strain rather than the energies of the phases. Molecular dynamic
simulations show that this response depends on crystallographic direc-
tions of strain and electric field.

In wrinkled stand-alone PZO membranes, on the other hand, high
strain gradients induce flexoelectric effects, leading to non-canonical
antiferroelectric-like ordering under tensile and ferroelectric phases un-
der compressive strain, highlighting strain as a tool to control PZO
functionalities.

FM 18.3 Thu 11:15 BEY/0138

Strain induced ferroelastic twin-domain dynamics in lan-
thanum aluminate — eMarTHIAS RoEPER!, ROBIN BUSCHBECK!,
Jaxkos WETzEL!, Lukas M. Enc!2, and SamueL D. Seppon! —
Hnstitute of Applied Physics, TU Dresden, N&thnitzer Strasse 61,
01187 Dresden, Germany — 2ct.qmat: Dresden-Wiirzburg Cluster of

Excellence - EXC 2147, TU Dresden, 01062 Dresden, Germany

Over the last decades scientific attention of the oxide perovskite lan-
thanum aluminate (LaAlOg) has turned (due to the absence of ferro-
electric contributions) from originally only an active interfacial sub-
strate material into a model system of ferroelastic twin domain walls.
Our new results explore ferroelastic twin-domain dynamics induced by
the controlled application of uniaxial strain in single crystalline sam-
ples. The domains are spacially resolved by Atomic Force Microscopy
and p-Raman Spectroscopy as a function of applied strain, as well
as structural analysis by X-ray diffraction. All experimental investi-
gations are complemented by density functional perturbation theory
calculations.

FM 18.4 Thu 11:30 BEY/0138
MD data-driven physics-informed neural network for multi-
scale modelling of ferroelectric: parameter identification and
field reconstruction — eXursiAN Wanc!, FrRaNk WENDLER!,
Hikaru Avzuma?, and Suusn Ocara? — llnstitute of Materi-
als Simulation, Department of Materials Science and Engineering,
Friedrich-Alexander-Universitat Erlangen-Niirnberg, Fiirth, Germany

— 2Qraduate School of Engineering, Nagoya Institute of Technology,
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A persistent challenge in multiscale ferroelectric modeling is connect-
ing atomistic information with continuum phase-field descriptions.
Here, we develop a PINN framework driven by MD polarization data.
The loss function combines supervised fitting of MD-derived polariza-
tion fields with physics-based residuals of the steady-state phase-field
PDEs. Minimizing the total loss enables the network to reconstruct po-
larization, strain, stress, and electric field distributions, while simulta-
neously identifying key phase-field parameters, including characteristic
energy and length scales, gradient anisotropy, and Landau coefficients.
Using these PINN-identified parameters in COMSOL reproduces ferro-
electric domain structures and their electromechanical responses with
high fidelity. This approach provides an efficient route to establishing
atomistic-to-continuum links and inferring physical properties directly
from polarization configurations.

FM 18.5 Thu 11:45 BEY/0138
Evidence of ferroelectricity in epitaxially strained tung-
sten trioxide thin films eNIvEs STrKALJD'2, ZHUOTONG
Sunt, Mine Xiaol, Zryr Yuan!, Xvan T. Ncuven!, Smmon M.
FaircLoucH!, CATERINA Ducari!, GiuLiana D1 MarTiNo?!, and Ju-
pITH L. MacManus-DriscoLL! — University of Cambridge, UK —
2Institute of Physics, Zagreb, Croatia

Ferroelectric films offer a promising path to faster, more energy-
efficient CMOS technologies. Here, we report the deposition of epi-
taxial tungsten trioxide films at temperatures below 400°C using at-
mospheric pressure spatial chemical vapour deposition. In these films,
epitaxial strain imposed by the substrate promotes the formation of the
low-temperature polar phase at room temperatures, evidenced by x-ray
diffraction, scanning transmission electron microscopy, piezoresponse
force measurements, and Raman spectroscopy. Exploring ferroelectric-
ity in ultrathin tungsten trioxide films could provide a new platform
for polarization-controlled electronic and optical applications.

FM 18.6 Thu 12:00 BEY/0138
Investigating metallicity in layered Carpy-Galy ferroelectrics
through topotactic transformation. eoLiLinA Huvynnl,
Marko Kuvezpic!, DoNexiN ZuHanG!, ANNOUK GoOOssENs!,

Luis Moreno!, ALEXaNDRE GLOTER?, Lucia IcLEsias!, MANUEL

Bises!, and ELzBIETA GRADAUSKAITE! — Laboratoire Albert Fert,
Palaiseau, France — Z2Laboratoire de Physique du Solide, Orsay,
France

Combining seemingly incompatible properties within a single material
can yield unconventional functionalities. For instance, polar metals
host inversion-symmetry breaking displacements despite finite metal-
licity. However, they remain scarce, as conventional ferroelectricity
usually relies on orbital rehybridization and gets suppressed by free
charge carriers. Here, we report the epitaxial stabilization of the lay-
ered Carpy-Galy ferroelectric SraNbaO7 (ApBnO3n+2, n =4), which
exhibits a geometric in-plane polarization driven by collective octahe-
dral rotations. These films can be successfully transformed into the
metallic perovskite STNbO3 through a topotactic interfacial reduction
mediated by an Al overlayer, which drives oxygen-vacancy migration
and electron doping. This redox-engineering route enables fine, contin-
uous and even reversible tuning of oxygen stoichiometry, allowing us
to stabilize intermediate SraNb2Or7_, phases, as confirmed by XRD,
XPS, STEM, and transport measurements. In contrast to bottom-up
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synthesis of polar metals, this top-down strategy provides fine control
of metallicity in a geometric ferroelectric host and opens avenues for
exploring charge- and spin-transport phenomena in polar metals.

FM 18.7 Thu 12:15 BEY/0138
Dynamical tuning of the depletion region at a single fer-
roelectric domain wall — eJiaL1 He!, RuBeNn DracLAND!, JAN
ScuurrHEIss!, ZEwu YaN?3, Eprtn BourreT?, and DENNIS MEIER?
— INTNU, Norway — 2ETH Zurich, Switzerland — 3LBNL, USA —
4University of Duisburg-Essen, Germany

Ferroelectric domain walls (DWs) are promising building blocks for fu-
ture nanoelectronics, combining ultra-small feature size with emergent
device-relevant behaviors. Most studies so far focused on bulk crystals
and thin films, where the measured response reflects convoluted con-
tributions from, e.g., the hidden sub-surface wall structures and the
networks they form. The intrinsic behavior of individual DWs thus
often remains unclear. In my talk, I will present the extraction of a
single insulating ferroelectric DW, situated in a 1-pgm-thick ErMnOg
lamella, mounted on a conductive back electrode. This configuration
enables a well-defined top-bottom current path using an AFM tip as
movable top electrode. Consistent with previous measurements on sin-
gle crystals, we observe that the initially thin insulating wall (~200 nm
electronic width) transforms under applied bias into a narrow conduc-
tive core surrounded by a broad asymmetric depletion region, leading
to a fivefold increase in apparent wall width. Systematic bias varia-
tion demonstrates a highly tunable electronic wall width, manifesting
as voltage-controlled expansion and contraction of the depletion re-
gion. The results corroborate that functional DW properties known
from crystals are transferable to nano-structured device-relevant sys-
tems, revealing new possibilities for electronic signal control.

FM 18.8 Thu 12:30 BEY/0138
Hybrid antiferroelectric-ferroelectric-ferroelastic domain
walls in noncollinear antipolar oxides — eIvan N. UsHakov!,
Mats Topstap!, MunamMMmap Z. KaALID!, NIYORJYOTI SHARMAZ,
CuristopHn Grams3, UrsuLa Lupackal, JiaLi He!, Kasper
HunNEsTAD!, MousEN SADEQI-MoqQapam!, JuLia Graum!, SVERRE
M. SeLBacH!, JoacHIM HEMBERGER®, PETRA BECKER?®, LADISLAV
Bouary3, AMir Kumar?, Joree INiqUEz-GonzALez®®, ANTONIUS
T.J. van Hewvoort!, and DeExnis MElEr?® — INTNU, Trondheim
— 2QUB, Belfast — 3University of Cologne — 4LIST, Luxembourg
— 5University of Luxembourg — %University of Duisburg-Essen

Antiferroelectrics are emerging as advanced functional materials and
are fertile ground for unusual electric effects. Here, we demonstrate
how antiferroelectricity induces noncollinearity in dipolar order and
establish it as an additional degree of freedom, unlocking physical
nanoscale properties that are symmetry-forbidden in classical anti-
ferroelectrics. We show that antiferroelectrically driven noncollinear
order of electric dipole moments in K3[Nb3Og|(BO3)2| leads to a
coexistence of antiferroelectric and ferroelectric behaviors. Besides
the double-hysteresis loop observed in antiferroelectrics, a pronounced
piezoresponse and electrically switchable hybrid domains are observed,
forming atomically sharp and micrometer long charged domain walls
with inseparably entangled antiferroelectric and ferroelectric proper-
ties. Hybrid antiferroelectric-ferroelectric responses are expected in
a wide range of noncollinear systems, giving a new dimension to the
research on antiferroelectrics and multifunctional oxides in general.



Dresden 2026 — FM

Thursday

FM 19: Advanced Microscopy and Tomography for Functional Materials

chair: Manuel Zahn (University of Augsburg)
Time: Thursday 10:15-12:45

FM 19.1 Thu 10:15 BEY/0E40
Electron Beam-Induced Currents as a Quantitative Probe for
Nanoscale Semiconductor Devices — eSEBASTIAN SCHNEIDER!,
SEBASTIAN BECKERT!, RENE HAMMERZ, MARKUS KONIG3, GRIGORE
MovLpovan?, Darius PonL!, and BERND RELLINGHAUS! — 1Dresden
Center for Nanoanalysis (DCN), TU Dresden, Dresden, Germany —
2Point Electronic GmbH, Halle (Saale), Germany — 3Max Planck In-
stitute for Chemical Physics of Solids, Dresden, Germany

Electron beam-induced current (EBIC) mapping in the scanning trans-
mission electron microscope (STEM) enables the direct visualization of
charge carrier transport with nanometer resolution. We present a com-
parative STEM-EBIC study on silicon photodiode lamellae prepared
by gallium and xenon focused ion beam milling. The EBIC mapping re-
veals the p-n junction and allows for the extraction of the effective elec-
tron and hole diffusion lengths as a function of local thickness. These
values are up to three orders of magnitude smaller than bulk EBIC
results, highlighting strong surface recombination and preparation-
induced artifacts. Complementary I-V measurements show significant
deviations from the expected diode-like behavior, which we attribute
to high resistive contacts at the metal-semiconductor interfaces. Our
findings emphasize the critical role of sample preparation for quanti-
tative EBIC analysis.

Financial support by the DFG through TRR 404, project no.
528378584, is gratefully acknowledged.

FM 19.2 Thu 10:30 BEY/0E40
X-ray Stress Tensor Tomography — ePETER MODREGGER!?Z,
AnMAR KHALIQM2, and FELix WiTTwERD'2 — 1Physics Department,
University of Siegen — 2Center for X-ray and Nano science, CXNS,
DESY, Hamburg

The possibility for tomographic reconstrution of strain and stress ten-
sor present in poly-crystalline samples has been discussed for nearly
two decades. We will demonstrate the successful retrieval of all 6
strain/stress tensor components in martensitic steel samples from ex-
perimental data acquired at the ID11 beamline of the ESRF. Compared
to established techniques this novel approach for the depth-resolved
determination of stress states offers the tantalizing advantages of a
simple experimental setup, isotropic gauge volumes and faster scans.
In our presentation, we will discuss the possible adverse effects of de-
tector parallax and crystallographic texture. Further, we will provide
specific experimental requirements such as the required photon flux or
the available scattering angles. With these in mind, we have achieved
a strain sensitivity of 10~% and a stress sensitivity of 20 MPa.

FM 19.3 Thu 10:45 BEY/0E40
Developing a resuable optical fiber-based sensing system for
in-situ X-ray radiaiton monitoring — Ar1 KaratuTLul:2, Esra
KENDIR TEKGUL?, ZEHRA G1zEM MutLay!, ANDRIY BubpNnyk!, GI-
ANLUCA Ior1®?4, PuiLipp Hans®, FAREEHA HAMEED®, and e BULEND
Orrag! — !Bilkent University, Institute of Materials Science Nan-
otechnology and National Nanotechnology Research Center (UNAM),
Ankara, 06800 Turkey — 2Sivas University of Science and Technol-
ogy, Department of Engineering Basic Sciences, Sivas, 58100 Turkey
— 3Swiss Light Source, Paul Scherrer Institute, Villigen, Switzerland
— 4GratXray, Villigen, Switzerland — ®Synchrotron-light for Experi-
mental Science and Applications in the Middle East (SESAME), Allan,
19252, Jordan

Specialty optical fibers doped with rare-earths such as Yb, and Tm are
utilized for various applications from medical to high-power beam de-
livery for materials processing. Nevertheless, radiation-induced defects
can occur due to irradiation, causing a degradation of beam quality. In
this study, we utilize this type of degradation, referred to as radiation-
induced attenuation, as an X-ray sensing and the conditions in the
in-situ recovery of color centers. The experiments were conducted at
hard X-ray beamline at BEATS, SESAME, using different monochro-
matic beams such as 10 keV and 20 keV, suggesting the origin of color
centers playing role in the RIA and the sensing and recovery behavior
that are related to the optical and morphological effects of the X-ray
irradiation.
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FM 19.4 Thu 11:00 BEY/0E40
Multiscale of porous carbon fibers
eMAaRKUS LOFFLER!, MoHSEN SaADEGHI Bocar?3, PauL
BerTRAM®?, JAN WoLF23, DaRius PonL!, THoMAS BEHNIscHZ3,
Iris Kruppke34, Cuokri CHERIF>4, Maik Gupe?3, and BERND
RELLINGHAUS! — 1Dresden Center for Nanoanalysis (DCN), cfaed,
TUD Dresden University of Technology (TUD), Dresden, Germany —
2Institute of Lightweight Engineering and Polymer Technology (ILK),
TUD, Dresden, Germany — 3Research Center Carbon Fibers Saxony,
TUD, Dresden, Germany — 4Institute of Textile Machinery and High
Performance Material Technology (ITM), TUD, Dresden, Germany

Porous carbon fibers (PCF) are valued for structural energy storage
because they combine low density, high thermal and electrical con-
ductivity, low thermal expansion, strong mechanical properties, and
a large specific surface area. Key pore features - volume, shape, and
connectivity - determine their suitability for use as electrodes in batter-
ies, supercapacitors, and as structural materials. A hierarchical pore
structure with sizes from 2 nm to over 50 nm is desirable. These PCFs
are made by wet-spinning polyacrylonitrile (PAN) with nanocellulose
as a pore-forming additive, followed by electron beam irradiation, sta-
bilization, and carbonization. To understand how processing affects
pore development, fibers are analyzed at various stages and scales us-
ing submicro-XCT, FIB, SEM, and TEM. All fibers show a low density
of large pores, while precursor and irradiated fibers also have a high
density of nanoscale pores.

characterization

FM 19.5 Thu 11:15 BEY/0E40
Tomographic Electron Holography reveals 3D-Potential Vari-
ations from Surface Segregation in p-n doped InGaAs
Nanowires eKal-Luis Jakos!, LaurRa NIERMANN!, TORE
NierMANN!, FREDERIK OTTo!, RAHEL SPECHT!, DANIEL WOLF2,
EsMAIELPOUR HaMmIDREZA®, GREGOR KoBLMULLER!, and MICHAEL

LeaMaNN! — 1TU Berlin — 2IFW Dresden — 3TU Miinchen

Mapping the three-dimensional electrostatic potential distribution at
the nanoscale is crucial for tuning the electrical properties of semicon-
ductor nanostructures, such as InGaAs nanowires utilized in optoelec-
tronics. Off-axis electron holography enables measurement of the pro-
jected electrostatic potential with nanoscale spatial resolution; how-
ever, the 3D information typically remains inaccessible. In this work,
we combine electron holography with tomography to reconstruct 3D
potentials, thereby investigating subtle effects such as surface segrega-
tion, Fermi-level pinning, and damages induced by Focused Ion Beam
preparation. Here, we focus on MBE-grown InGaAs nanowires featur-
ing an axial p-n junction. A tilt series of holograms is acquired over
a wide tilt range in a FEI Titan 80-300 TEM. Projected electrostatic
potentials are reconstructed individually and aligned for tomographic
reconstruction. This approach allows us to access the electrostatic po-
tential and resolve both axial and radial changes from the wire core to
its surface. We observed a largely constant potential step across the
axial p-n junction of 0.5 V, however, near-surface regions exhibited
deviations from it. At the surface of the n-doped segment, we found a
thin p-type layer, likely attributable to known surface segregation.

Coffee break
FM 19.6 Thu 11:45 BEY/0E40

Advanced Polymer-Tungsten Nanocomposites for Radiation
Shielding and X-ray Computed Tomography Applications —
TavLaNn BASKAN!, SaLina MUTLU?23, BoLenp ORTACS3, AL
KARATUTLU3#, SeviL SAVASKAN YILMAZ?3 and eAHMET
HakaN YILMAZ! — 1Karadeniz Technical University Physics De-
partment, Trabzon, 61080, Tiirkiye — 2Karadeniz Technical Univer-
sity Chemistry Department, Trabzon, 61080, Tiirkiye — 3National
Nanotechnology Research Center (UNAM) and Institute of Materials
Science Nanotechnology, Bilkent University, Ankara, 06800, Tiirkiye
— 4Sivas University of Science and Technology, Department of Engi-
neering Basic Sciences, Sivas, 58100 Turkey

The growing trend of ionizing radiation in biomedicine and industry
has intensified the need for efficient and reliable radiation shielding
materials. In our current work, we incorporated W nanoparticles
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and WO3 nanoparticles with varying proportions in the PMSQ poly-
mer to synthesize dual-functional nanocomposites with simultaneous
gamma ray shielding and contrast enhancement in computed tomog-
raphy imaging. This study will present the three-dimensional micro-
evolutions of biodegraded polymer-metal/polymer-metal oxide com-
posite materials using synchrotron-based X-ray computed tomography
methods upon post y-radiolysis exposure from 0.5 kGy to 5 kGy. The
synchrotron-based XCT available at BEATs in SESAME demonstrates
the internal structural defects and morphology non-destructively in the
vicinity of resolved micro-scales with 650 nm resolution.

FM 19.7 Thu 12:00 BEY/0E40
Defects in Materials: Limitations of the Trapping Model -
the Influence of Corrupt Components in Positron Lifetime
Spectra - cured by a New Spectrometer? — TORSTEN STAAB,
eDomMINIK Boras, and DANNY PeTscuke — LCTM / IFB, Depart-
ment of Chemistry, University of Wuerzburg, Roentgenring 11, D-
97070 Wuerzburg, Germany

Positron lifetime spectroscopy is able to extract densities for defects
(e.g. vacancies or dislocations) from the measured spectroscopic data
by applying the so-called trapping model, which describes the decom-
position of lifetime spectra into two or more components (lifetimes and
intensities). Since the procedure of fitting several exponential decays
folded by a mimicked instrumental resolution function (IRF) is a so-
called ill-posed problem, the goodness of the fit relies heavily on the
quality of the recorded data. By our digital twin of a positron lifetime
spectrometer we could clearly see the strong influence of back scat-
tered and corrupted coincidences on recorded spectra. Unfortunately,
even by physically filtering digitised pulses, those events cannot be re-
moved. One way to reduce their effect are changes in the geometry
(90° instead of 180°) of the detector set-up leading to heavy losses
in efficiency (about 90%). However, this leads to much more realistic
bulk positron lifetimes of light materials (Mg, Al, Si) in accordance
with calculations, and enables correct decompositions by the trapping
model. We present here a new fully digitised spectrometer with an IRF
described by one singe Gaussian and a FWHM of 128ps together with
22-Na sources without positronium having a single lifetime component.

FM 19.8 Thu 12:15 BEY/0E40

Characterising electron vortex beams inside crystalline mate-
rials via vorticity — eCHRIsTIAN Bick, DoroTHEE HUSER, and To-

BiAs KLEIN — Physikalisch-Technische Bundesanstalt, Braunschweig,
Germany

Convergent electron beams with an orbital angular momentum
(OAM), also known as electron vortex beams or twisted electrons, have
been investigated for multiple applications in material science. Re-
cently, first measurements of vortex electron magnetic circular dichro-
ism (EMCD) in the electron microscope have been reported.

We present a simulation-based study on vortex beam behaviour in-
side crystalline material utilising vorticity as a local property to charac-
terise the beam. This quantity, which is widely used in fluid mechanics,
can be understood as a local measure of OAM . We relate it to com-
monly used integrated quantities like the total OAM and channelling
strength in order to further the understanding of the beams behaviour
inside of model crystals and discuss possible measurements.

FM 19.9 Thu 12:30 BEY/0E40
Toward Atomic-scale Imaging of Resistive Switching Mech-
anisms in Prussian Blue Memristors — eMoHAMMED Favis
KaLapy!, Jouannes Scuurrz!, MicHAEL PonLiTz?, FALK RODER!,
Darius PoHL3, DaNIEL WoLr!, and AxeL Luk!# — 1Leibniz In-
stitute for Solid State and Materials Research, Dresden, Germany —
2Faculty of Physical Engineering/Computer Sciences, University of
Applied Sciences, Zwickau, Germany — 3DCN, TU Dresden, Germany
— 4IFMP, TU Dresden, Germany

Prussian blue and its analogues are promising materials for memris-
tive devices based on resistive switching. To obtain a microscopic
understanding of the structural and chemical processes responsible
for switching, we employed a detailed high-resolution transmission
electron microscopy (HRTEM), scanning transmission electron mi-
croscopy combined with electron energy loss and energy dispersive
x-ray spectrum imaging (STEM-EELS and STEM-EDX) studies on
pristine films and on films previously subjected to electrical biasing.
The pristine film exhibits a homogeneous distribution of K, Fe, C, N,
and O, whereas the electrically biased regions display clear nanoscale
modifications, including local changes in elemental distribution and a
phase transition from Prussian blue to Prussian white. The electrical
measurements on the bulk reveal transitions between low-resistance
and high-resistance states, demonstrating bipolar switching behavior
across multiple cycles. These results provide the first steps toward in-
situ TEM biasing experiments aimed at directly resolving elemental
migration pathways and phase evolution under applied voltages.

FM 20: Excursion and Network-Event at Infineon Dresden AG (joint session FM/HL)

We are organizing an Excursion and Network-Event to Infineon Dresden AG.

Only for registered and selected participants.

Please register until latest February 12th here: https://www.icams.de/news-events/events/registration-

infineon/?api=561b8d7cfcb678e9f0938830d78¢f979

Time: Thursday 13:30-17:00

Only for registered and selected participants.

Location: Infineon

FM 21: Members Assembly

We will elect our spokespersons, plan the programme for the coming years, and award the poster prize.
This is also your opportunity to suggest topics for focus sessions, symposia, and plenary speakers for

the next DPG conference!

chairs: Jan Schultheif (NTNU, NO), Anna Griinebohm (Ruhr University Bochum, DE), FM spokesper-

sons

Time: Thursday 18:00-18:45

Location: BEY /0138

All members of the Functional Materials Division are invited to participate.
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FM 22: Focus Session: Materials Discovery Ill — New materials and functionalities by general
principles

chairs: Hiroki Taniguchi (Nagoya University, JP), Akitoshi Nakano (Nagoya University, JP)

Discovering new functional materials is crucial to advance today’s technologies, ranging from caloric
cooling via catalysis to next-generation energy conversion and storage, such as thermoelectric, ferro-
electric, and ionic conductor materials. New materials also form the basis for potential applications in
quantum information technologies. This session provides a platform to highlight functional materials
discoveries and how they come about. Notably, systematic searches with high-throughput synthesis
approaches, as well as predictions from materials informatics, have helped to go beyond serendipitous
discoveries in recent years. However, intuition guided by general principles remains an important factor.
In this session, we particularly welcome contributions that showcase the discovery of new functional
materials with original approaches. Diverse material systems - from well-established to emerging and
niche classes across condensed-matter and materials physics - will be featured. Bringing together diverse
discoveries in a single session will help delineate general principles and inspire future work.

Time: Friday 9:30-12:45

Invited Talk FM 22.1 Fri 9:30 BEY/0138
Topological thermoelectrics for solid state cooling — eYUu Pan!
and Craupia FeLser? — 1Chongging University, Chongqing, China
— 2Max Planck Institute for Chemical Physics of Solids

Thermoelectric effects enable the direct conversion between thermal
energy and electrical energy, and has broad application potential in
areas such as thermoelectric power generation, solid-state cooling, and
precise temperature control. Classic thermoelectric materials mainly
focus on heavily doped narrow bandgap semiconductor materials,
whose thermoelectric performance is limited above room temperature
(> 300 K). So far, further enhancement of thermoelectric performance
at low temperatures (<300 K) faces significant challenges, severely re-
stricting the application of thermoelectric materials in low-temperature
solid-state cooling. In recent years, the surge of topological quantum
materials has triggered many novel thermoelectric transport behav-
iors, especially the significantly enhanced low-temperature thermoelec-
tric performance under magnetic fields, providing new opportunities to
greatly improve low-temperature thermoelectric performance. For ex-
ample, their linear-dispersion energy band structures and ultrahigh
mobility significantly enhance the magneto-Seebeck effect and Nernst
effect. On the other hand, topological quantum materials with broken
symmetry can exhibit an anomalous Nernst thermoelectric potential
far higher than that of conventional ferromagnets due to the presence
of nonzero Berry curvature, laying a scientific foundation for thermo-
electric applications of the anomalous Nernst effect under low or even
zero magnetic fields.

FM 22.2 Fri 10:00 BEY /0138
Topological quantum materials for high performance het-
erogenous catalysis — eXia WaNG and CLAauDIA FELSER — Max-
Planck-Institute for Chemical Physics of Solids, Dresden, Germany

The electronic structure of a catalyst plays a pivotal role in govern-
ing its performancel. Topological quantum materials, known for their
symmetry-protected electronic states, offer a unique platform to bridge
solid-state topology and heterogeneous catalysis. When combined with
chirality, topological quantum materials give rise to novel material sys-
tems exhibiting distinct chiral phenomena, opening new avenues for the
development of next-generation chiral catalysts. Situated at the inter-
face of condensed matter physics and chemistry, the emerging field of
topological catalysis exploits the exotic quantum properties of topo-
logical quantum materials to not only enhance catalytic activity and
selectivity but also to enable fundamental studies of reaction mech-
anisms. Our recent experimental and theoretical work demonstrates
a direct link between spin-orbit coupling and the kinetics of oxygen
electrocatalysis, including both the oxygen reduction and evolution
reactions. Furthermore, we show that external stimuli such as mag-
netic fields can effectively tune catalytic performance by modifying the
topological features of the electronic structure. Together, these insights
establish topological quantum materials as a compelling framework for
designing high-performance, field-tunable catalysts, with far-reaching
implications for asymmetric synthesis to probing the origins of life.

FM 22.3 Fri 10:15 BEY/0138
Ta2PdSe6: A guide towards high performance thermoelectric
semimetals — e AkiTosHI NakKANO — Nagoya University, Nagoya,
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We have recently discovered that a transition-metal chalcogenide
Ta2PdSe6 exhibits an extraordinary thermoelectric property despite
its semimetal character. Ta2PdSe6 crystallizes in a layered structure,
each layer of which consists of quasi-one-dimensional chains formed
by prismatic TaSe6 and square-planner PdSe4. The thermoelectric
property measured along this direction is highly exotic; an ultra-high
conductivity (o) above 1076 ©2~-1cm"-1 is compatible with a substan-
tial thermopower (S) of 40 pVK~-1 at 20K. As a result, the power
factor (= S~20) reaches above 2000 pWcmK~-2, which is top level
among bulk thermoelectric materials thus far.

Furthermore, we have found that the thermal conductivity of
Ta2PdSe6 is relatively small (7 100 Wm~-1K~-1) for such a good elec-
trical conductor associated with a serious violation of the Wiedemann-
Franz law. As a result, the thermoelectric figure of merit Z (= S~20k"-
1) of Ta2PdSe6 at 14 K reaches as high as 3*10~-3 (K~-1), which is
comparable to Bi2Te3 at 300 K.

In the presentation, we will discuss the origin of the anomalous
transport properties of Ta2PdSe6 from the viewpoint of the carrier
dynamics.

FM 22.4 Fri 10:30 BEY/0138
Symmetry-Driven Transitions Between Flat Bands and Dirac
Cones in Bilayer Kagome Lattices — eTAyLAN GORKAN —
Bilkent University-UNAM

Flat bands (FBs) and Dirac cones represent two distinctive features of
topological electronic systems, yet a unified mechanism enabling tran-
sitions between them has remained elusive to date. Here, we demon-
strate a symmetry-governed and tunable transition from flat bands
to Dirac cones in AB-stacked bilayer kagome lattices. This transition
is mediated by the interplay between destructive quantum interfer-
ence (DQI), C3 rotational symmetry, and spatial inversion symmetry.
Strong interlayer coupling enhances DQI and stabilizes compact local-
ized states that produce FBs, while weaker coupling allows C3 and
inversion symmetries to dominate, giving rise to robust Dirac nodal
points. Using a minimal tight-binding model, we map the continu-
ous evolution of topological states-including type-1I and type-III Dirac
cones, spin-1 Dirac nodes, and partial flat bands-as a function of in-
terlayer coupling. We further demonstrate this transition mechanism
by examining an AB-stacked bilayer derived from the experimentally
synthesized Nb3TeCl7 structure. In particular, first-principles calcu-
lations on bilayer Nb3TeCl7 reveal that vertical strain/pressure mod-
ulates interlayer interactions, enabling the entire FB-Dirac cones tran-
sition sequence. These findings establish a realistic novel pathway for
gaining further insights into flat-band physics and engineering tunable
topological phases in two-dimensional materials.

FM 22.5 Fri 10:45 BEY/0138
Emergent High Conductivity Transport Channel in
BiiaRh3Agslg Single-Crystalline Multilayer Heterostructure
— eNicoLas Perez!, EDUARDO CARRILLO-ARAVENAZ, CHRISTIAN
Nicraas Saccau!, KorneLius NieLscu!, and MicHAEL Ruck? —
ILeibniz Institute for Solid State and Materials Research Dresden,
Helmholtzstrasse 20, 01069 Dresden, Germany — 2Faculty of Chem-
istry and Food Chemistry, Technische Universitat Dresden, 01062
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Bi1a4 Rh3Ig-type weak 3D topological insulators (TIs) can be seen as
nano-periodic multilayer heterostructures of 2D T1Is spaced by topolog-
ically trivial insulators. The newest member Bija2 Rh3sAgelg exhibits
2D cationic conductivity in the silver iodide spacer, which allows to
electrochemically adjust the Fermi level, and has the widest band gap
so far in this family of compounds, 286 meV. It shows strongly in-
creasing diamagnetism at low temperatures in a field perpendicular to
the layers. Magnetoresistance measurements in macroscopic crystals
reveal confinement and oscillatory behaviour, which coincides with a
drastic drop in resistivity both parallel and across the layers. The
observation of such an effect in a crystalline multilayer structure is
compatible with the theoretically predicted formation of a collective
[1+1]-dimensional sheath state involving all lateral crystal faces and
probably arising from tunneling between the protected edge states of
the numerous closely spaced 2D TI layers. A macroscopic system of
some 10° coupled spin channels appears promising for applications in
spintronics and quantum computation.

FM 22.6 Fri 11:00 BEY/0138
Simulating the Schrédinger equation in anti-Hermitian elec-
trical circuits — eIvaN ScorLan!, RoNNY THOMALEZ, JASPER VAN
WezeL3, VikTor KONYE3, ALl MocHAaDDAM?, JEROEN VAN DEN
Brink!, and JosErH DuFoUuLEUR! — ! Leibniz Institute for Solid State
and Materials Research Dresden — 2Institute for Theoretical Physics
and Astrophysics, University of Wiirzburg — 3Institute for Theoretical
Physics Amsterdam — *Faculty of Engineering and Natural Sciences,
Tampere Finland

In recent years, a number of condensed matter lattice models have been
realized using classical electric circuits, exploring topological phases
hitherto inaccessible experimentally. In these previous works, the
Hamiltonian of a system was implemented in a topo-electronic circuit,
thus possessing the same spectrum as any equivalent condensed mat-
ter system, but the dynamics of the electronic circuit remained distinct
from the quantum dynamics given by the Schrédinger equation. Here
we propose a new way to realize electronic circuits that are equivalent
to solid-state lattices based on anti-hermitian circuits the dynamic of
which perfectly follows the Schrédinger dynamics.

Intrinsic symmetries of these circuits allow the experimental mea-
surement of all eigenstates. Using this framework, we apply it to a 1D
atomic chain with position-dependent hopping terms and experimen-
tally retrieve the theoretical results presented in Mertens et al. (2022),
Morice et al. (2021). Finally, we show how our method can be used to
develop novel electronics which can be used for concrete applications
and also for solving fundamental physics problems.

Coffee Break

FM 22.7 Fri 11:30 BEY/0138
Photo-dielectric synaptic plasticity in Zn-substituted
BaAl,0O4 — eHirok1 TanicucHI — Department of Physics, Nagoya
University, Nagoya 464-8602, Japan

Optical control of material properties is pivotal for advancing the evo-
lution from conventional electronics to next-generation photoelectron-
ics. Although a variety of photo-induced phenomena, including the
photovoltaic effect and photoconduction, have been well established
as key mechanisms for photoelectronic devices, the optical manipula-
tion of dielectric responses has remained comparatively unexplored.

Here, I demonstrate a photo-dielectric effect in partially Zn-
substituted BaAlyOy4, in which the dielectric permittivity increases un-
der below-bandgap photo-irradiation without inducing photoconduc-
tion. First-principles calculations indicate that Zn substitution creates
a unique defect complex. Upon photo-irradiation, photo-generated
electron*hole pairs form a local dipole around this defect complex,
producing an additional polarization contribution and consequently
enhancing the dielectric permittivity. Furthermore, transient permit-
tivity measurements under sequential pulsed optical excitation reveal
synaptic-plasticity-like responses in Zn:BaAl>Oy4, highlighting its po-
tential for neuromorphic device applications.

FM 22.8 Fri 11:45 BEY/0138
Triclinic distortion in titanite-type oxides CaSnGeO5 and
SrSnGeO5 eTaro Kuwano!, Hiroko Yokxoral, MANABU
Hacrwara?, Tosuiva Uonasui®, AkitosHr Nakano3, and HIRoki
TanicucHI® — 14259 Nagatsuta-cho, Midori-ku, Yokohama, Kana-

gawa, 226-8501 Japan — 23-14-1 Hiyoshi, Kohoku-ku, Yokohama,

36

Kanagawa, 223-8522 Japan — SFuro-cho, Chikusa-ku, Nagoya, Aichi,
464-8602 Japan

Titanite-family oxides have been emerging as a novel vein of antiferro-
electric materials owing to their unique pseudo-one-dimensional struc-
ture hosting ”antipolar arrangement of polar chains.” In this study, we
focus on another characteristic feature of the titanite-type structure:
ferroelastic phase transition associated with triclinic distortion. We
will propose one couple of representatives, SrSnGeO5 and CaSnGeO5,
which exhibit the phase transition at about 150 and 600 K, repectively.
In comparison with the cases of SrZrGeO5 and CaZrGeO5, the origin
of the triclinc distortion will be discussed.

FM 22.9 Fri 12:00 BEY/0138
Interplay between Lattice Dynamics and Free Electrons
in Polar Metals: A Chemical-Bonding Perspective —
eHiroTo KikucHui', SuGURU YosHipA!, HirosHr Takarsul, KaN-
TARO Muravamal, PETER LEMMENS?, and Hirosur Kacevamal —
IDepartment of Energy and Hydrocarbon Chemistry, Graduate School
of Engineering, Kyoto University, Nishikyo-ku, Kyoto 615-8510, Japan
— 2Institute for Condensed Matter Physics, Technische Universitat
Braunschweig; Braunschweig 38106, Germany

Polar-nonpolar (P-NP) transitions in metals such as LiOsO3 show that
polar order can coexist with metallicity, defining "polar metals" as a
new class of quantum materials. However, the microscopic mechanism
remains under debate, with competing scenarios invoking electron-
phonon coupling and coordination bonding.

We recently found that metallic LiReOgs, isostructural with LiOsO3
and adopting the LiNbOgs-type structure, undergoes a P-NP struc-
tural transition at T — 170 K. Unlike the second-order transition in
LiOsOs3, LiReOg3 shows thermal hysteresis and strong lattice softening,
indicating enhanced fluctuations between polar and nonpolar phases.

We investigated Raman scattering across Tg, combined with phonon
calculations and crystal orbital Hamilton population (COHP) anal-
ysis, and reveals strongly redshifted LiOg-related optical phonons in
LiReO3 compared with LiOsOs. These results, supported by com-
puted force constants and bond strengths, provide a unified picture of
phonon softening and polar stability in metallic LiReOs5.

FM 22.10 Fri 12:15 BEY/0138
NaSICON with Mg and Ca as charge carriers — eKATHARINA
HeLMmBRECHT and AXEL Gross — Institute of Theoretical Chemistry,
Ulm University, 89069 Ulm, Germany

While the MogSg chevrel phase is frequently used as cathode material
in Mg—ion batteries, theoretical studies on this material are compara-
tively scarce. MogSg as a cathode material for mono— and multivalent—
ion batteries is an interesting candidate. Furthermore, magnesium and
calcium both show much promise a charge carriers for a suitable bat-
tery system of the future.

In this work we study the behavior of mono— and multi—valent charge
carriers (Li, Na, K, Mg, Ca, Zn, Al) at the low vacancy limit of interca-
lation and its influence on stability and kinetics of MogSg intercalation
compounds to reach fundamental understanding of the material and
its properties.

Upon varying the charge carriers in the Chevrel phase at the upper
vacancy limit in a previous study [1], their diffusion barriers were ob-
served to scale linearly with the ion size, almost independent of the
charge of the considered ions. This indicates a rather unique and ge-
ometry dominated diffusion mechanism in the chevrel phase and raises
the question whether this trend persists at the lower vacancy limit.
[1] K. Helmbrecht, H. Euchner, A. GroR, Batteries Supercaps 5,
€202200002 (2022).

FM 22.11 Fri 12:30 BEY/0138
High pressure crystallography: from mineral physics to mate-
rial sciences — eLEONID DUBROVINSKY — BGI, Bayreuth University,
Bayreuth, Germany

Modern science and technology rely on the fundamental knowledge of
matter that is provided by crystallographic studies. About a decade
ago, our group pioneered an approach to the SCXRD data collection
and analysis for the products of chemical reactions in laser heated
DACGCs. Since then we have designed and built new instrumentation to
enable sophisticated in situ experiments in house and on synchrotron
radiation facilities. Our efforts have pushed the range of static pres-
sures achievable in a DAC up to 1 TPa and enabled single-crystal X-ray
diffraction experiments at such extreme conditions. Structural studies
at simultaneous high pressures of over “200 GPa and temperatures of
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several thousand degrees have also become possible. This has led to
remarkable findings in solid state physics, mineral physics, and chem-
istry at extreme conditions.We illustrate application of new methodol-

ogy for simultaneous high-pressure and high-temperature single crys-
tal diffraction studies using examples of investigations of chemical and
phase relations in the halides, nitrides, and carbonates.

FM 23: Focus Session: (Anti)ferroic states — Magnetic and magnetoelectric Ill (joint session
FM/MA)

chair: Morgan Trassin (ETH Zurich, CH)

This focus session explores recent advances in understanding and control of (anti)ferroic states. Empha-
sis will be placed on theoretical modelling, advanced characterization techniques, and the engineering
of emergent properties for use in nano-electronic devices. The session aims to bridge fundamental re-
search with emerging device-relevant functionalities, bringing together experimental, and theoretical

perspectives on ferroic materials.
Time: Friday 9:30-11:30

Invited Talk FM 23.1 Fri 9:30 BEY/0E40
Mapping topological textures in compensated magnets with
X-rays — eCLAIRE DONNELLY — Max Planck Institute for Chemical
Physics of Solids, Dresden, Germany

Extending spin systems to three dimensions promise significant oppor-
tunities for applications, for example providing higher density devices
and new functionalities associated with complex topology and greater
degrees of freedom. Until now, however, insight into three dimensional
spin systems has mainly been limited to ferromagnetic and ferrimag-
netic systems through X-ray magnetic tomography [1], where a variety
of topological textures [1,2], as well as 3D dynamics [3,4], have been ob-
served. In this talk I will describe our recent work mapping topological
textures in compensated systems. I will first describe the development
of X-ray linear orientation tomography [5|, which we have harnessed
to map three-dimensional orientation fields - both crystallographic [5],
and antiferromagnetic - at the nanoscale. Second, I will present our
recent mapping of topological textures in altermagnets [6], harnessing
both X-ray circular and linear magnetic dichroism. These insights into
the formation of topological textures in compensated magnets not only
paves the way for enhanced understanding of these systems, but also
towards the next generation of technological devices.

[1] C. Donnelly et al., Nature 547, 328 (2017). [2] C. Donnelly et al.,
Nat. Phys. 17, 316 (2021) [3] C. Donnelly et al., Nature Nanotech-
nology 15, 356 (2020). [4] S. Finizio et al., Nano Letters (2022) [5] A.
Apseros et al., Nature 636, 354 (2024) [6] R. Yamamoto et al., Phys.
Rev. Appl. 24, 034037 (2025)

FM 23.2 Fri 10:00 BEY/0E40
Exploring Magnetoelectric Effects in 1T-FeCl; /bilayer-GaSe
Multiferroic Heterostructures — eFaumipa FAkHERA!, OLIVER
J. ConquesT!, CarRLA VERDIV?, and CATHERINE STAMPFL!
1School of Physics, The University of Sydney, NSW 2006, Australia —
2School of Mathematics and Physics, The University of Queensland,
QLD 4072, Australia.

Multiferroic materials exhibit multiple ferroic orders simultaneously,
including ferromagnetism and ferroelectricity [1]. A recent study [2] on
sliding ferroelectricity in bilayer GaSe adds a novel dimension, making
it useful as a ferroelectric (FE) sublayer in multiferroic heterostruc-
tures. We employ first-principles density functional theory (DFT)
to investigate the interlayer and intralayer sliding mechanisms of FE
GaSe. Moreover, this study investigates the structural and electronic
properties, energy band alignments, magnetic anisotropy, binding ener-
gies, electric dipole moments, and interfacial charge transfer of different
stackings of 1T-FeCly/bilayer GaSe. For all stackings, the magnetic
anisotropy energies indicate an in-plane easy axis of magnetization in
both upward and downward polarization directions. The contact inter-
faces form Ohmic contacts, enabling sufficient charge transfer between
the layers. As the first study on sliding-induced FE and ferromagnetic
interfaces, this work offers new insights into the design and under-
standing of multiferroic materials for the future.

[1] X. Feng, J. Liu, X. Ma, and M. Zhao, Physical Chemistry Chem-
ical Physics 22, 7489 (2020). [2] F. Fakhera, O.J. Conquest, C. Verdi,
and C. Stampfl, Physical Review Materials 9, 054402 (2025).

FM 23.3 Fri 10:15 BEY/0E40
Nonlinear phononic slidetronics — ePoosa Rani and Do-
MINIK JURASCHEK — Eindhoven University of Technology, Eindhoven,
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Location: BEY/0E40

Netherlands

We investigate ultrafast switching of ferroelectricity in bilayer hexag-
onal boron nitride using nonlinearly driven phonons. Conventional
coherent phonon excitation mechanisms such as infrared absorption,
Raman-based techniques, and terahertz sum-frequency excitation pro-
duce too small a shear-mode amplitude to overcome the barrier be-
tween stacking orders. Using first-principles calculations and phe-
nomenological modeling, we demonstrate instead that strong excita-
tion of high-frequency intralayer phonons dynamically tilts the inter-
layer potential, enabling efficient and deterministic switching at ex-
perimentally accessible pulse strengths. Our results establish nonlin-
ear phononic slidetronics as a powerful method for ultrafast, energy-
efficient control of stacking order and related electronic phases in van
der Waals materials, with potential for future all-optical ferroelectric
memory devices.

Coffee break

FM 23.4 Fri 10:45 BEY/0E40

Resolving the chemical depth profile of ultrathin EuO films
by grazing incidence HAXPES measurements — e[KATHARINA
WEHRSTEIN!, Umur ParrLak!, Pia Durine!, OrLiverR Renm?!,
ANDREI GLOskOVsKII?, CHRISTOPH SCHLUETER?, and MARTINA

MUOLLER! — 1FB Physik, Uni Konstanz — 2DESY, Hamburg

Magnetic proximity effects enable control of magnetic order in ferro-
magnetic insulators without altering their intrinsic properties. Eu-
ropium oxide (EuO) thin films coupled with heavy metals (HM) are
promising systems for spintronic applications, in which spin-polarized
states are induced, altered or converted via interface coupling. These
systems require a sharp interface between the metal and the EuO layer,
as well as stoichiometric EuO. As ferromagnetic Eu(II)O is metastable
and tends to oxidize to paramagnetic Eu(III)2O3, investigating the
depth-resolved chemical and thus magnetic nature of an EuO layer is
mandatory to observe and eventually tune magnetic proximity effects.
Ultrathin EuO films (2-15 nm) were prepared by molecular beam
epitaxy on Pt/SrTiO3 and W/SrTiO3 substrates. Grazing incidence
hard X-ray photoelectron spectroscopy (GIXPES) enables high X-ray
intensity at the sample surface due to reflection of the X-ray beam
on the heavy metal layer, leading to the formation of X-ray standing
waves. By changing the incidence angle of the X-ray beam, spectra
with modulated depth-sensitivity were recorded, revealing variations
in the Eut content at different depths of the ultrathin EuO layer.
This yields a chemical depth profile and thus a magnetic profile that
provides insight into the magnetic behavior of the EuO/HM system.

FM 23.5 Fri 11:00 BEY/0E40
Optical manipulation of multiferroic phases in BiFeOs thin
films — eBixiN Yan!, LaureN J. Rippirorp 2, ALEs HraBech2,
ANNIKA MEcHNICHS, CHRIsTIAN L. DEGEN3, MANFRED FiEBIG!,
and MorcAN TRassIN! — 1Department of Materials, ETH Zurich,
Switzerland — 2PSI Center for Neutron and Muon Sciences, Paul
Scherrer Institute PSI, Switzerland — 3Department of Physics, ETH
Zurich, Switzerland
Employing light as a means of actively tuning material properties un-
locks the potential for non-invasive, remote, and macroscopic control
over technology-relevant functionalities. In our work, we demonstrate
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optical control over multiferroic phases in prototypical magnetoelectric
BiFeO3 (BFO) thin films, utilizing above-bandgap UV light illumina-
tion. Taking advantage of the enhanced response at the strain-driven
morphotropic phase boundary, we show that by modifying the elec-
trostatic boundary conditions with photoinduced charge carriers, the
rhombohedral-like (R-like) phase of BFO can be selectively suppressed
within the tetragonal-like (T-like) phase BFO matrix. Furthermore,
the electronic origin of such an optical response permits a pronounced
polarization-dependent R-to-T-phase conversion. Finally, using scan-
ning nitrogen-vacancy magnetometry, we correlate optically induced
ferroelectric phase conversion with a change from uncompensated mag-
netic ordering to G-type antiferromagnetic ordering. Our work thus
presents a novel approach to writing multiferroic states, which is key
to magnetoelectric oxide electronics.

FM 23.6 Fri 11:15 BEY/0E40
Time resolved X-ray diffraction study of polarization reversal
in uniaxial ferroelectric BaMgF, single crystals — eNATHAN
LeUBNER'"#, SARA PoLo-FiLisan?, Gaerano BonerTi?, HIRoOKI
Tanaka2, MATTHIAS ZscHORNAK®, Dirk C. MEYER!, CARSTEN

RicHTER?, and SEMEN GoRrRFMAN? — llnstitut fiir Experimentelle
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Physik, TU Bergakademie Freiberg — 2Leibniz-Institut fiir Kristal-
lziichtung, Berlin — 3Fakultit Maschinenbau, HTW Dresden —
4Department of Materials Science and Engineering, Tel Aviv Univer-
sity, Israel

BaMgF, (BMF) is a uniaxial ferroelectric material crystallizing in
the orthorhombic space group Cmc2; and being a compelling can-
didate for frequency conversion in far ultraviolet regime. In this work,
we present time-resolved X-ray diffraction (XRD) studies of single-
crystalline BMF under applied electric fields, enabling direct observa-
tion of atomic-scale structural changes during domain switching. Com-
plementary dielectric measurements provide insights into the kinetics
of domain wall motion. The XRD data reveal the electric-field depen-
dence of strain, allowing for the determination of the components of
the piezoelectric tensor of BMF. Furthermore, by exploiting the res-
onant Friedel pair contrast between oppositely polarized domains, we
achieve a direct determination of the crystal structure of each domain.
This approach eliminates the need for conventional correction factors
(e.g., absorption, extinction), offering a robust and accurate alterna-
tive to traditional structure refinement methods. Our findings advance
the fundamental understanding of ferroelectric switching in BMF.



