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0O 13.1 Mon 15:00 TRE/PHYS
The Weak Spots of IrOs: Sampling Defect Landscapes at
Operation Conditions — eJiMIBEN V. PaTeL, NIkHIL BapaT,
KARsTEN REUTER, and HENDRIK H. HEENEN — Fritz-Haber-Institut
der MPG, Berlin

Under the harsh oxidative potentials required for the oxygen evolution
reaction, rutile IrO2 surfaces undergo restructuring that leads to Ir dis-
solution and undermines catalyst durability, eventually impacting de-
vice performance. To mitigate the catalyst degradation via robust de-
sign principles, a fundamental atomistic understanding of how surface
reconstructions initiate and propagate dissolution is urgently needed.
Since high-resolution operando characterization remains challenging,
atomistic simulations are essential for uncovering the underlying mi-
croscopic mechanisms. However, achieving realistic insight requires ap-
proaches that go well beyond conventional, idealized modeling frame-
works. In this work, we employ machine-learned interatomic potentials
trained on density-functional theory to systematically sample vacancy
formation across a wide range of electrochemical environments. This
allows us to resolve how surface defects nucleate, interact, and evolve
under relevant oxidizing conditions. We find that vacancy formation
becomes increasingly favorable at higher potentials, with isolated de-
fects stabilizing and subsequently coalescing into larger surface pits
— structures that likely act as precursors for accelerated dissolution.
These findings provide a first link between applied potential and defect
thermodynamics, offering predictive insight into potential-dependent
degradation pathways of IrOs.

0O 13.2 Mon 15:15 TRE/PHYS
Electrochemical Free Energy Barriers at Constant Potential
— eEL1as DieseN, KARSTEN REUTER, and VaNEssA J. Bukas —
Fritz-Haber-Institut der MPG, Berlin

Simulating barriers for electrocatalytic reactions is methodologically
very challenging due to the intricate dynamics at the electrified
solid/liquid interface. In addition, standard atomistic simulations
based on periodic density-functional theory (DFT) keep the charge of
the simulation cell constant instead of allowing it to fluctuate during
the reaction in order to maintain a (fixed) electrode potential. Here,
we introduce a method to compute electrochemical free energy bar-
riers under well-defined potential conditions. Our approach relies on
umbrella sampling on top of DFT-based molecular dynamics to access
the free energy of activation, including both enthalpic and entropic
contributions [1]. By carefully sampling the work function along the
reaction coordinate, a Legendre transformation of the resulting canon-
ical (constant-charge) energetics is then used to obtain grand canon-
ical (constant-potential) results [2]. The method is demonstrated for
proton deposition over Au(111). We extract potential-dependent bar-
riers and examine kinetic scaling relations as well as use our results
to benchmark common approximations in the recent literature. This
work paves the way for systematic studies under realistic electrochem-
ical conditions at e.g. varying temperatures or considering different
proton-donating species.

[1] E. Diesen et al., ACS Catal. 15, 5403 (2025).

[2] S.D. Beinlich et al., J. Chem. Theory Comput. 19, 8323 (2023).

0 13.3 Mon 15:30 TRE/PHYS
Customizable Electrostatic Potentials in DFT Supercell Cal-
culations: Implementation and Application to Electrified
Interfaces — eSaMUEL MatToso!, Jinag Yanc!, Frorian Fro-
RIAN DEISSENBECK!, AHMED ABDELKAWY!, CHRISTOPH FREYSOLDT!,
STEFAN WIPPERMANND2, MIrRA TopOROVA!, and JORG NEUGEBAUER
Jore NEUGEBAUER! — !Max Planck Institute for Sustainable Mate-
rials, Max-Planck-Strae 1, 40237 Diisseldorf, Germany — 2Philipps-
Universitat Marburg, Renthof 5, 35032 Marburg, Germany

Electric fields drive reactions, reshape surfaces, guide protein folding
and dictate selectivity in chemistry and materials science. While Den-
sity Functional Theory (DFT) is a standard tool for modelling such
phenomena, introducing user-defined customizable electrostatic poten-
tials usually requires invasive code modifications and deep coding ex-
pertise. We will present a lightweight, Python-based implementation
that allows adding external electric fields to supercell DFT calculations
via a new VASP-Python interface. We outline the necessary energy-
and force-corrections, describe the computational setup, and provide

Location: TRE/PHYS

a streamlined workflow that works entirely within VASP without al-
tering the source code. The method’s versatility is demonstrated on
several case studies: molecular adsorption on charged surfaces, field-ion
microscopy, electrochemical solid-water interfaces, and implicit solvent
models. This approach offers a simple, flexible route for researchers to
incorporate external fields into DF'T simulations, enabling exploration
of field-dependent phenomena across chemistry and materials science.

O 13.4 Mon 15:45 TRE/PHYS
Ion-specific charge transfer and capacitance in the com-
pact double layer of solvated cations at metal electrodes
— eoFaBioLA DomMmINGUEzZ FLores, AXeEL GRross, and WOLFGANG
ScHMICKLER — Institute of Theoretical Chemistry, Ulm University,
89081 Ulm, Germany

A molecular-scale understanding of the compact double layer is essen-
tial for fundamental electrochemistry. Using density-functional theory
with a hybrid implicit-explicit solvation model, we investigate the ad-
sorption of solvated cations (KT, Nat, Ca?t, Mg?T) on metal elec-
trodes. This approach captures the local hydration structure while
modeling a dilute electrolyte where no diffuse layer forms. Our re-
sults reveal two distinct physical regimes: alkali ions retain their unit
charge, while divalent ions exhibit substantial partial charge transfer,
directly quantified by Bader analysis. This charge transfer governs
the interfacial capacitance, which we calculate to be 10-20 uF cm™2,
in excellent agreement with experiment. We demonstrate that the
electrosorption valency equals the negative of this partial charge. In-
terpreting these results with a parallel-plate model yields an effective
dielectric constant dictated by the polarizabilities of the metal and the
water layer. This work provides fundamental microscopic insight into
how ion-specific electronic interactions control the properties of the
electrochemical double layer.

O 13.5 Mon 16:00 TRE/PHYS
Electrokinetic spectroscopy of ion dynamics near charged sur-
faces using modulated surface acoustic waves — ¢ OFER M ANOR,
L1 Y1raN, and SUDEEPTHI AREMANDA — Technion, Haifa, Israel

We use MHz-level frequency-modulated surface acoustic waves (SAWs)
to study the dynamics of ions in the electrical double layer (EDL) to
appear near the charged glass/electrolyte interface. The SAW travels
in the solid; the EDL exists in the electrolyte; both phenomena are
entangled through a field effect, a mechanical evanescent wave, which
is invoked in the electrolyte by the SAW and vibrates ions in the EDL
to result in the leakage of an electrical field off the glass/electrolyte
interface. We show measured spectra of electrolyte comprising dif-
ferent types and concentrations of salts and salt mixtures. This is a
spectroscopy of ion dynamics in isolated and unique EDLs.

EDLs are nanometer-thick clouds of ions that appear at the charged
interface between a substrate and an electrolyte solution and deter-
mines its electrical properties. Ions migrate through the EDL within
micro- to nano-seconds: These are the EDL relaxation-times for charg-
ing and discharging, which are a product of the EDL structure and ion
species therein.

Ton relaxation-times similar to the SAW periodic time result in an
ion electro-mechanical synchronization, which maximizes ion vibration
and the leakage of electrical fields off the EDL. The leakage identifies
ion relaxation-time spectra for different electrolytes and the presence
of ions and the intrinsic rate by which they charge and discharge EDLs.

O 13.6 Mon 16:15 TRE/PHYS
Impact of the Negative Dielectric Responses on Solvation and
Adsorption at Electrified Interfaces — eZuENYU WaNG!, MIRA
Toporoval, CurisTorH FREYsoLDT!, STEFAN WIPPERMANNZ, and
JorG NEUGEBAUER! — !Department of Computational Materials De-
sign, Max Planck Institute for Sustainable Materials, Diisseldorf, Ger-
many — 2Department of Physics, Philipps-Universitit Marburg, Mar-
burg, Germany

Understanding processes at electrified solid-liquid interfaces is central
to electrocatalysis, corrosion, and water-splitting, yet the dielectric re-
sponse of interfacial water remains poorly understood. Using a capac-
itor geometry in which water is confined between oppositely charged
electrodes, we perform several hundred nanoseconds-long molecular
dynamics simulations to probe both the dielectric behaviour of neat
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water and the solvation of ions under bias. The simulations reveal pro-
nounced oscillations in the screening of interfacial water, giving rise to
regions in which the local dielectric constant becomes negative. This
dielectric response gives rise to weakly bound adsorption states. By
correlating the computed potential profiles with the evolution of Nat
and Cl~ solvation shells, we demonstrate that the rate-limiting step
is not related to the charge transfer barrier but originates from the
reorganization of the ion solvation shell when transferring through the
negative-dielectric regions. This insight bridges atomistic dielectric
anomalies with macroscopic electrochemical behaviour and provides
a quantitative basis to describe ion migration in the vicinity of the
electrified interface.

O 13.7 Mon 16:30 TRE/PHYS
Selectivity in Electrochemical Oxidation Reactions: Chal-
lenges in Ethylene Epoxidation — ePAuLINE ScHUTT and
ALEXANDER BAGGER — Department of Physics, Technical University
of Denmark

Electrochemical technologies play a central role in the sustainable pro-
duction of fuels and chemicals, but their applications remain limited
due to significant overpotentials and challenges in controlling selectiv-
ity. Alternative oxidation reactions could potentially generate value-
added products on the anode side of electrochemical cells, but typically
suffer from competition with the oxygen evolution reaction (OER).[1]
Density functional theory (DFT) predictions and concepts from com-
putational catalysis provide useful tools to systematically analyze se-
lectivity and establish trends across different catalyst and reaction sys-
tems.[2] We here discuss key challenges restricting such alternative ox-
idation reactions and their competition with the OER, with a focus on
ethylene epoxidation.

[1] L. F. T. Novaes et al. Chemical Society Reviews 50(14), 7941-
8002 (2021).

[2] P. Schiitt, L. Karlsson and A. Bagger, in preparation, (2026).

O 13.8 Mon 16:45 TRE/PHYS
Bias, Barriers, and Beyond: Perturbative Insights into Elec-
trochemical Reactivity — eNicorLas G. HOrMANN and KARSTEN
REUTER — Fritz-Haber-Institut der MPG

Electrochemical processes at solid-liquid interfaces are strongly shaped
by the applied potential, yet capturing these effects efficiently remains
a central challenge for atomistic modelling. In this talk, I will pro-
vide an overview of recent advances made in our group, focusing on
perturbative and response-based approaches for electrochemical ener-
getics and kinetics. Building on a rigorous connection between the
constant-charge and constant-potential ensembles, we establish gen-
eral connections between computational formalisms and clarify how
potential-dependent properties emerge.

These insights enable efficient Taylor-expanded descriptions of en-
ergetics that avoid explicit simulations at different applied biases and
allow analytical assessments of non-Nernstian shifts in hydrogen un-
derpotential deposition, potential-dependent symmetry factors and
potentiostat-free barrier calculations. Implementing them into bias-
aware ML potentials opens the door to long-timescale molecular dy-
namics and accelerated exploration of electrochemical reaction path-
ways.

0 13.9 Mon 17:00 TRE/PHYS

Electro-osmotic Flow in Nano-capillaries via Optical Imag-
ing and I/V Measurements: Influence of different salts and
concentrations — e ALEKSEI OVERCHENKO!, SIMON BRAUBURGER?Z,
FraNk Cicuos!, and ULricH KEyser? — 1Leipzig University, Peter
Debye Institute for Soft Matter Physics, Linnéstr. 5, 04103 Leipzig —

2University of Cambridge, Cavendish Laboratory, JJ Thomson Ave

Electro-osmotic flow (EOF) is of great interest in solid-state nanopores
(SSNPs) due to its ability to pump, mix, and separate fluids in micro-
and nanofluidic devices without mechanical components. However,
EOF remains insufficiently explored at the nanoscale. Although KCI,
NaCl, and LiCl are the most commonly used salts for driving matter
through nanopores, no systematic qualitative or quantitative study
has yet evaluated how different ions and concentrations affect EOF
magnitude in nanopores.

We investigated the influence of various salts and their concentra-
tions (10 mM to 1 M) on EOF behavior in 100 nm SiO2 glass capil-
laries. Flow visualization was performed using dark-field optical mi-
croscopy with simultaneous I/V measurements via a custom-designed
flow cell. Tracer particles included 250 nm polystyrene and AuNPs.

This study provides higher spatial resolution and more detailed char-

acterization of EOF than previously reported, offering new insights
into nanoscale behavior. Understanding EOF under different ionic
conditions is essential for future applications, including controlled ma-
nipulation of single DNA molecules and proteins.

0 13.10 Mon 17:15 TRE/PHYS
Facet-dependent restructuring and catalytic activity of Cu
single crystals during CO electro-oxidation — MaTrTHIAS LEIT-
NER, FRANCEsc VaLLs Mascaro, eANDREA AUER, and JuLia
Kunze-LiEBHAUSER — Institute of Physical Chemistry, University of
Innsbruck, Austria

Understanding how surface structure relates to catalytic activity is es-
sential for designing efficient electrocatalysts. Copper (Cu) is known
to restructure under reaction conditions, yet the precise impact of this
dynamic behavior on activity remains largely unclear. Here, we com-
bine electrochemistry with in situ electrochemical scanning tunneling
microscopy (EC-STM) to investigate CO electro-oxidation on Cu(111)
and Cu(100) single crystals and correlate activity with facet-specific
structural changes. Both surfaces undergo nanometer-scale restruc-
turing, forming undercoordinated Cu adatoms that act as active sites.
Their evolution, however, differs significantly: Cu(111) shows dynamic,
reversible restructuring that maintains a high density of adatom nan-
oclusters, whereas Cu(100) forms clusters that evolve less reversibly,
with a gradual reduction in density. Interestingly, the evolution of
clusters and their density does not directly correlate with the observed
catalytic activity for either facet. Instead, we propose that the differ-
ences in activity stem primarily from variations in the effective density
of the catalytically active Cu adatoms and their distinct interaction
with reactants, rather than from different structural motifs. These re-
sults underscore the crucial role of dynamic restructuring in guiding
the design of Cu-based electrocatalysts.

0 13.11 Mon 17:30 TRE/PHYS
In-situ magneto-optical tracking of redox reactions in
NiFe electrocatalysts — eSanpHvA CHANDOLAL2, KARUPPASAMY
DuARMARAJ?, JORG Rappicn?, and NorBERT Esser! — !Institut
fir Festkorperphysik,TU Berlin, Hardenbergstr. 36, 10623 Berlin,
Germany — 2Helmholtz-Zentrum Berlin fiir Materialien und Energie
GmbH, Schwarzschildstr. 8, 12489 Berlin, Germany

Nickel/Iron (NiFe)-based electrocatalysts are known to be efficient cat-
alysts for the oxygen evolution reaction (OER), involved in water split-
ting. By using a polarization sensitive optical spectroscopy technique,
Reflection Anisotropy Spectroscopy (RAS), at near normal incidence,
we show how the polarization state of the reflected light can be di-
rectly correlated with the oxidation state changes of NiFe catalysts via
two entangled magnetic effects, which are the magneto-optical Kerr
effect (MOKE) at the surface of the NiFe layer and Faraday rotation
within the layer. The polarization state can be used to monitor phase
transitions which are not observed in unpolarized absorption spectra.

Increasing amounts of Fe in the NiFe films correspond to greater
changes in the RAS/MOKE intensities, up to the solubility limit of
~ 25% Fe, after which the spectra do not show any more changes.
RAS/MOKE is shown to be a valuable spectroscopic technique which
can probe changes in the redox states for different NiFe ratios, due to
the indirect influence of magneto-optical effects with the implied role
of ferromagnetic ordering in enhancing catalytic activity.

0 13.12 Mon 17:45 TRE/PHYS
Size Dependent Stability of Pt-supported Ceria Nanoparti-
cles in Alkaline Electrolyte — LukAs Fusek!, Pankas KuMAR
Samarl, Jiki KeresTES!, Ivan KuALAKHAN!, VIKTOR JOHANEK!,
YarosLava Lyknach?, JOrG LiBubpa?, OLaF BRUMMEL?, and eJOSEF
MvysLIVEGEK! — 1Charles University, Faculty of Mathematics and
Physics, V HoleSovickach 2; 180 00 Praha 8, Czech Republic —
2Interface Research and Catalysis, Friedrich-Alexander-Universitit

Erlangen-Niirnberg, Egerlandstr. 3, 91058 Erlangen, Germany

Ceria nanoparticles find applications in electrocatalysis as co-catalysts
for alcohol and CO oxidation, and for fuel cell and water electrolysis
reactions. Synergistic effects of ceria are expected to critically depend
on the cerium phases established under electrochemical conditions.

We perform a combined surface science and electrochemical study of
Ce0O2(111) nanoparticles on Pt(111). Under electrochemical operation
conditions, large ceria nanoparticles exhibit a stable redox behavior,
while nanoparticles smaller than 5 nm destabilize and convert to a fully
hydrated phase. Both types of nanoparticles block OH adsorption and
H evolution on Pt(111), but do not block H adsorption, indicating H
intercalation.
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Our results reveal the nature of the electrocatalytically ac- [10.1021 /acs.jpclett.5c01465] for obtaining in-operando information on
tive cerium phases [10.1039/d3cp03831a] and underline the rele- model electrocatalyst systems.
vance of combined surface science and electrochemical experiments



